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these two fatal 1

the conclusion
cancer meeting in Hous

1 [Introduction 10 VCM was a very sen

. It should be stresse..

The history of viny! chloride-associated disease, its recognition and prophylaxis is a , ’"_c'r - an intermediatc

classic exampie of shutting the stable door after the horse has bolted. It should help 1o mainly in the mammal;
emphasize the need to shift our attention to preventing exposure from occurring rather ""'“d“f“" l:h"’d“"“ ™
than to reparative measures. In view of the large number of new and potentially hazard- :h‘” rom the polymer.
ous chemicals introduced each year into the workplacs and the environment, this ac- P\g "::m"‘ ll"“""“d :
count should again alert us to the necessity of pretesting chemicals sdequately for . (t ";" decompo:
their potential health effects, even at the risk that technological progress will develop toxict Vd:e l::“")’m z]::
at a more modest rate. . D .

Large-scale production of the synthetic resin polyvinyl chloride (PVC), s thermo- Abar 1969:Dyer and £

and only very small orn
(OMarg et al. 1971 cite

plastic material suitable for the most widely diversified industrial use, was begun
around 1930 in the United States and in Germany. The monomer, vinyi chlonde
(VCM), a rather simple aliphatic compound, was belisved until the early 1960s to be
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3 one of the leas: harmiul chlorinated hydrocarbons. Early animai expariments. as it
later tumed out, had indeed been carried out with dosages sufficientiy high for the
+d evaluzuan of acute effects, but chronic exposure had not been of sufficient dusation
‘:3 to reveal its carcinogenic properues. On purely theoretical grounds. however, one
PE rught have continued to feel uneasy with this compound as 3 pollutant of the work-
51 place. considering that it is (1) 2 halogenated hvdrocarbon which () 2xists in its
£ vapour phase under ambient conditions (inhalauve exposure) and (3) contans a highly
-:' reactive double-bond.
5: Today viny! chloride-associated pathology is weil documented. A large body of in-
< formation and data on this topic has been accumulated, notably since 1974, but pre-
5" cisely a quarter of a centuty had 10 pass before the full rangs of symptomatology at-
37 tributable to this new occupational heaith hazard became recognized in January 1974
27 with the shocking discovery that haemangiosarcoma of the liver occurred in produc.
lg tion workess heavily expesed to PVC. Exrly and not easily accessibie reports suggest-
78 ing that the monomer mught be an environmental risk for workers hazdling this com-
80 pound did not alert the experts sufficienty. The earliest indication of adverse effects
80 in workers engaged in the produstion and processing of PVC, a Rumian study pub-
81 lished in 1949 (Tribukh et al. 1949), received little attention.
g Ultumately. it was the exceptional character of the thres major lesions which oc-
83 curred in workers exposed to VCM that contributed most to the final appreciation of
83 a causal relationship: (1) the syndrome of acroosteolysis, Raynaud's phenamenon and
L pscudosieroderma: (3) non<irrhotic portal hypertension; and (3) angiosarcoma of the
liver. Particularly, the discovery of a cluster of four cases of this extremely rare malig-
33 nancy among a companatively smail group of workers (Creech et 3l. 1974a2) was an
39 alarming cxperience which called for immediate action. It can eagily be imagined that
3 connection betwesn VCM and the more common malignancies, such as cancer of the <
lungs or the gastrointestinal tract, might still have gone unnoticed. On the other hand, =
. § Poreal the proionged latency periods of both noa<cirrhotic portal hypertension and angio- -
rnde sarcoma of the liver, roughly 10 and 20 ysars respectively, delayed the recognition of ~
. these two fatal conssquences of chronic exposure to VCM. But one can hardly escape 4
the conclusion that Viola's discovery of cancer in sxperimental animals, presented at a
cancer meeting in Houston in 1970, was sufficient evidence to indicate that exposure
to VOM was 3 very serious occupational hazard (Perers 1976).
1t shouid be stressed that the noxious sgent is solely the moaomer, or to be more
laxisisa precise, an intermediate of the monomer’s membolic bioactivistion, which takes place
<ould help 10 mainly in the msmmalizn ljver and yields certain highly reactive spoxides. The poly-
1rzing racher merizaton produets (PVC), ia., the solid plastic and the plastic consumer goods fabri-
rially b i catrd from the polymar, are chemically inert articles which caety oo health risk uniess
nt. this ac- they contain unrescted residual monomer. Even the combustion of articles mads from
-:;:iyfor PVC (thermal decomposition in fires) does not yisld fres vinyl chlorids monomer; the
ill develop toxicity of pyrolysis products of polyvinyl chioride polymers and formulations is
’ mainly dus to the reisase of hydrochlorie acid and carbon moaoxids (Cornish snd 2
Abar 1969: Dyer and Esch 1976;Sorenson 1976; Moser 1976; Colerdyn ot al, 1976) s
3 thermo- and only very smail or no quantities of phosgene derived from cecidual monomer f'-t.é;."

A {OMare et al. 1971 cited by Colardyn &2 al. 1976). 2
“doride R o <
%608 10 be ‘ SSES




A ‘!.'

5
d

&

g b3 e

Al‘ik

T

-;

o

T ¢

LS A S rrrN T

A

LS L

4 W K. Lethach and H.J Muesteller

19

Technological Details

2.1 Vinvl Chloride Monomer (VCM)

At standard (ambient) conditions of temperature and pressure, vinyl chloride {CH . =
CHCI. chioroethylene. chlaroethene) is a2 non-irritating, colourless gas with o fainth
sweet odour, inflammable 3t concentrations gbove 3.8% by volwimne i Jir. which is
oniy slightly soluble in water, soluble in ethyl alcohol and easily scluble in ether and
carbon tetrachloride. VCM is mainky used as an intermediate in the manufacture of
plastics, as a refrigerant and in organic synthesis. It was formerly also employed as a
propeliant for aerosoles. It is easily liquefied under pressure and is usually handled and
shipped as 2 liquid. Gaseous VCM condenses at -13.8°C and 760 Torr (= 101.3 kPa)
to a colouress liquid of low viscosity (Lefaux 1966). Its physical properties are listed
in Table 1, the most important of which are its low boiling point, its high specific gra-
ity (gaseous VCM is 2.15 times heavicr than air), its low solubility in water and the
halfdife in air. ranging from 3 t0 20 h.

Table 1. Phyical properties of VCM

Mol wt.: 62.503

B.p.: ‘=13.8°Cl=13T7 10 =12.9)
F.p. -153.7°C

Flash point: ~78.5°C (Cieveland open cup)

3.87%-29.3% by volume in air above =78 5°C

Limits of lammability:
: (=38 0DD-293 000 ppm)}

Autoignition temperature: 472°C
Vapour pressure: mm Hg 10 100 692 2300 2660
*c —875 =558 -158 +20 *25
Vapour density: 2.15 g/litre (calcuiated as 25°C and 760 mmiig
{air= 1)

09121 at -:o‘cm:c
099 at-25°C/a"C

Sources: Fairhall 1957, Irish 1963 ;Zapp 1964 Lefeux 1906 Ortermarer 1907,
Roubel 1972,

Sp. gr. of liquid VCM:

2.1.1 History

The French chemist, Regnaulr (1835) was apparendy the first to srudy sysiematically
ths synthesis and analysis of vinyl chloride. Ligbig, who had done some eaclier prelim.
inary experiments, encoursged Regnault to investigate this compound when Regngult
spent several months in Liebig's laboratories. All compounds contsining the vinyl
group (CH; =CH-) polymerize readily (Fairhall 1957). Spontaneous polymerization of
vinyl chioride to a white opaque solid mass under the influence of sunlight was first
described by Beurmenn in 1872; hs also qmotes a psper by Sayrier and Glinsky (who
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succeeded in decompaosing vinyl chionde to monochloroaidehvde with the aid of oxid-
1zing substances such as hy pochiorous aend.

2.1.2 Production of VCM

Large.scale commercial svnthesis of VOM with ahigh vield was made possible much later
by empioying two principle methods. the second having now largely replaced the first:

1) Conversion of acetylene 1o VCM by hydrochjorination:

CH®CH + HC! -~ CH, =CHCI (catatyst: HgCl. on charcoal) (dusrin 1974)

2) Conversion of ethylene by vapour-phase or liquid-phase dxychiorimtion to 1.2di.
chloroethane and subsequent pyrolysis (thermal cracking) to VOM (Albrightr 19673):

CH,=CH; +2HCI +1/20, ~ CH,C1—CH,C1+H,0;

CH, Cl—CH, 28LE=SI0C | s acnar + HO
© pumice catdlyst  (yyrolysis: thermal cracking, Austin 1974),

VCM was usually manufactured in closed systems and stored 1n outdoor iacilities.
Thus. any leakage of the gas was readily diluted in the ambient 2ir. VCM concentea.
tions in the atmosphsre at some distance from manufacruring plants were found to be
in the range ! =2 ppm. In close proximity, the concentration ranged up to 50 ppm
{IARC 1974). Spontaneous polymerization in light has also been repeatedly observed
when VCM comes into contact with atmospheric air due to container leakage (Oscer-
mgyer 1967). A prerequisite for the polymesization process is a high degres of purity
in commercially produced VCM. Impurities retard the polymerization process (Lefaux
1966: Osrermay-cr 1967). '

fn the sarly discussion about the cause of vinyi chloride-assoctated disease it was
conjecrured that other compounds or impurities contained in prepolymerization or in
retrieved VCM might have beent the causstive agentts) (Ticss and Fersen 1973). Anal-
yies carried out by six West German manufacturers of PVC, however, showed that the
sum of all impuritics (such a3 saturated or unsaturated hydrocarbons and their halo-
genates) was 0.01% by volume for prepolymasrization VCM and 0.1% for retrieved un-
reacted monomer. Only methy! chloride was found in concentrations of $0-300 ppm
in prepolymerization VCM and 100--500 ppm in retrieved VCM (in one instance only.
the concentration ranged between 1000 and 3000 ppem). But it should be kept in mind
that even 1000 ppm nwthy! chlords in VOM would mean, at $00 ppm VCM in air, a
methy! chiorids concsntration in air of only 0.5 ppm. All other impucities (propylene,
iscbutane, sbutane ete.) would then be in the ppb range. Besides, no significant dif-
ference in purity could be found between VCM from scetylene and from ethylene.

95121 190
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2.2 Production of Polyvinyl Chloride (PVC)
22.1 Technology of Polymerization

The following description is meant to serve merely as a rough sketch of the procedures
and technological details invoived in the production of polyviny! chloride.

Vinyl chioride monomer is polymerized in large autoclaves (reactors) at tempera-
tures between 40°C and 80°C and pressures of 6—16 (8—12) atmospheres. Th-re are
usually several reactors (up to 10-30) located in one bullding. The reactivity of the
monormar is a functoa of its doublebond. The second functional site of the vinyl
chioride molecule, the chiorine atom, does not resct easily. The double-bond of VCM
is not only the site from which the polymerization osiginates but is also the source of
the toxicity and carcinogenicity of this compound when it is being metabolized in the
body. The polymerization of VCM, which is a strongly exothermic reaction (Bames
1976), is initisted with the aid of compounds soluble in VCM that form free radicals at
relatively low temperatures. Initiators are such compounds as lauroyl peroxide, lsopro-
pyl percarbonate, azo-bis4sobuty ronitride, and others. The free radicals react with the
doubie-bond of the monomer, transforming it in tum into a free radical and thus prop-
agating the growth of a chain of molecules with a terminal free radical. Chain growth is
interrupted by saturation of the terminal free radical which often involves a reaction
between two growing chains (Malten and Zielhuis 1963 ; Lefoux 1966; Albrght 1567
3—cDomininghaus 1972, Slazer 1972). The random character of such termination
steps actounts for the production of chains of different length and hence different de-
grees of polymerization, with molecular weights of the finished PVC being statistically
distributed around a mean value.

Commuarcial PVC polymers have svarage molecular weights that vary from about
50 000 to 150 000 daltons (4lbright 1967b). Degree and velocity of polymerization,
which are influenced by tempersture and the concentration of initiators. determine
the specific type of PVC produced (Frey 1973). During polymerization considerable
amounts of the monomes are at first dissolved in the polymer, but most of this is lster
also transformed to PVC a3 polymerization progresses. The polymer which is not sal-
uble in the liquid monomer precipitates out. The process of polymerization slows
down towards the end of the reaction. It is terminated, depending on the method used,
when approximatsly 80%—90% of VCM is polymerized. The timing of this tsrmins.
tion of the process is emential for the physical propsrties of the resing produced. The
heat genersted during the exothermic process of polymerization must be removed to
keep the temperature of the resction under control. Mechanical agitation aids in trans-
fersing the hest acrom the colloidal system to ths cooling jacket of the reactor. During
the process of polymerization certain quantities of the polymer adhere to the walls of
the reactor and form a slowly thickening continvous film or crust. This polymer crust.
on the inner surface of the reactor vesgel, which contains cavities filled with unrescted
monomet, impedas the conductance of heat; it has, therefors, to be clesned away after
wermination of the batch proces (Bemax 1976). )

After completion of the polymerization process, the slusty & released from the re-
sctor into 3 dump tank. Residual unreacted viny! chloride monomer is partly solvated
in the polymer (sbout 10%); the remainder is dispersed in the water phase ot is present
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in the vapour phase above the slurry. Wluie 2 batch is in the dump tank. this unreacted
VC monoimer is retrieved by pumping it off into 8 VCM storage tank. Retneved VCM
is then purified by subsequent distillauon for recycling purposes. Monomer solvated in
the finished polymer cannat easdy be extracted since it has a strong affinity for PVC
and must difTuse through the particles: this diffusion depends on time and temperawure.
Raw PVC resin. theretore, still contains certain quantities of unreacted monomer
(VKE 1973). Barires (1976) reported that the polymer in the slurry still contains 2p-
proxamately 300 ppm of vinyi chionde.

The slurry from the dump tank is pumped into 3 storage tank (blend tank) which is
large enough to hold several batches of the product. The contents of the biend tank
are then pumped into 2 centrifuge which separates the wet solids from the water. The
wel poiymer, 3 granulir mass, is dried either in rotating rubular dryers or by spray-
drying methods, the latter being used mainly for products formed by emulsion poly-
merizateon. yieiding a polymer which is similar to a very fine whits flour. These very
fine solid parvicles are fed directly into 3 spray<rying column without dewatering. The
drying temperature should not exceed 60°C to prevent thermal decomposition of the
polymer. A cyclon separator at the exit end of the dryers removes coarser particles.
The solid polvmer particies are then sized by mufitiple Jayer screens, air-conveyed to
storage bins or silos and finally packaged for shipment (A4 {bnpit 1967d). The resultant
dried powder contains about 50 ppm of monomer {(Bames 1976).

-

22.2 Methods of Polymerizadon

Four different methods of polymerization are used for the commercial production of
PVC (Frey 1973), the first two now being the most widely used:

Suspension Polvmerization. Polymerization is carried out in an aqueous system in
which monomer droplets are maintained in suspension by means of protective colloids
(such as polyvinyl aicohol, gelatin, substituted celluloses) under hest and pressure in

conjuction with brisk agitation. Relatively [arge polymer particies can be obtained by
this mathod which ‘dry blend” well.

Emuision Polymerization is the oldest technique, to which suspension polymertization
was added in the 1950s. The process is similar to that in suspension poiymerization,
except that large amounts of emulsifying agents (such as soaps or other surfactants)
are added. Emulsion polymerization yields resins of a very small particle size. The
emulsifises cannot be completaly removed.

Bulk {Mass} Polymerizerion. In this process VCM is polymerized in two stages without
the additon of other liquids. The two reactocs are operated batchawise and in series.
The first resctor (3 ‘prepalymerizec”) provides for the initial iquid phase, while the
second one is used for agitating the sturry, which is transformed, through a sticky
solid state, to ementially dry particles until the conversion from monormer to polymer
reaches a level of sbout 75%-—-30%. The resins obtained by bulk polymerization are
characterized by high pusity and particie uniformity, resuiting in an end-product of
good optical clarity.
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Sertution Polvmerizatiwn. This type of precipitation polymerization is carried out in
vrganic solvents such as n-butane or cyclobexane. It aceounts for only a small percent.
age ot the total amount of all PVC resins produced and it is uscd for the production of
copolymers. Copolymens arc mixtures of comonomers (such as vinyl acetate, viny!-
stearate. vinylidene chloride. propylenc. acryionitrile etc.) and vinyt chioride. The co-
mononers tend to improve flexibility and limited solubility of the product in solvents
and exert an influence on the temperarures required for compounding.

2.23 Compounding

As a next step, depending on the end use, the dried polymer, a whitish powdery or
granular product, is then compounded (or dry biended) under pressure at fusion tem-
perature with the aid of plasticizers (mainly phthalate or other organic esters) and light
and heat stabilizers (heavy metal salts, organotin compounds. and other stabilizers).
Lubricants or dyed can be added. Plasticizers are added for the production of flexibie
PVC. rigid PVC consins little or no plasticizer. These additives can also be a source of
toxicity . The plasticizers may slowly diffuse out of the final product depending on its
compatibility . Lead connaining stabilizers may also pollute the working atmosphere
(Smolié 1966 Tola 1975). Compounding is carried out by hot mixing at fusion tem-
peratures below or within the softening range (120°C-160°C). Diversified compound-
ing and processing technologies were developed about 1950,

The compounded polymers are used for the production of diverse end-products.
The final conversion of the thermoplastic PVC resins into consumer end-products is
accomplished by such procedures as extruding, calendering, injection or compression
moulding. blow moulding, dipping (coating) and hot spraying. Temperatures used in
these processes range from 100°C to 300°C. End.products include a vast number of
articles used in aimost every sphere of daily life. The temperatures during the fabrnca-
tion operations (compounding and conversion of compound polymer in1o consumer
articles) drive off part of the small concentrations of residual monomer still contained
in the polymer. Barnes (1976) calculated that the final fabricated articles contained
approximately 5 ppm VCM and those for foodstufT packaging (botties, films. foils)
even Jess.

224 Sources of Exposure to VCM in PVC Production

Both polymerization of VCM and subsequent processing (centrifuging. drying. screen-
ing. bagging) are usually carried out in closed buildings. Exceptions can be found in
hot climates (Aryanpur 1977). Polymerization is of necessity s batch process that te-
quires s large number of single openations. Therefore, valves, gaskets, shaftopenings
and control gear are subject to heavy wear and thus to leakage. Other sources of poliu-
tion of the working stmosphere sre exchange of parts and repair jobs. The degree of
pollution also depends to & large extent on the quality and effectivity of monitoring
equipment and special exhaust systems. Opening of autoclave vats for cleaning and
control purposes resulted in larger spili-over of the tank atmosphere into the weork en-
vironment. Numerous reports of workcn\whh prenarcotic symptonms (dizzincss ctc.)
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permit the conclusiun that episodes of acute vvsrexposure to VOM were not raze events
in the past. .

There is no doubdt, however, that thuse workers who manualty ¢leaned the auto-
clave vats by scraping away or Shupping off the "poly mer skin” fonmed on the reactar
walls (pols sleaners. and who in the past had to spend several hours inaude the reac:
tors. ad been exposed to the highes: concentianons of VOM. Alhough the vars were
degussed prior to entry. unreacted manomer remained trapped in the polymer skin,
and larger amounts of VOM were released whe:n cawtties formed in tite polvmer crust
were openeg by chipping. The later introducuon of automatic cleaning systems reduc-
ed the ftequency of eniry into the reactors, but some manual cleaning of shorter dura-
tior still 1ad 10 be done after every 20th-30th run. [t is, therc{ore, plausible that, pri-
marily, the most severe adverse effects of exposure to VCM were fully recognized in
those workers who had been ernploved in this job category. But the subsequent steps
(sentrifuging, drving, screening) also invoive the release of some o1 the lesser quanti-
ties of unreacted residual monomer from the particles 1o pollute the enviconment if
ventilauon. notably of the drying facilities, is inadequate. Finished polymer, ready for
shipment of subsequent compounding. stll conuins small quantities of unreacted mo-
nomer, which either siowly diffuse out and pollute the bagging areas dusing storage or
ars driven out by the high temperatures necessaty for compounding.

Tabie 2. Conversion table for concentration of VCM in ambient air

.- -

Mol. wt. .
LpPm e TG Taay MR

2445 x | 000

L mg perlilre = Mot Wi ppm
(Party 1958)
- -
I mgllitre = 391 ppm
lmgm® » 0.39! ppm
fprm ® 2Shmpm' = 0.00256 melitre
1 = [0000ppm = 356 mglitre

225 The Explosion Hazard

In the past only the explosion and fire haxard of VCM was thought 1o be the domi-
nant monitoring probiem in handling gaseous vinyl chioride (frish 1963). This hazard
covers 3 concanuation rangs of #%-22% by volume of zir (40 000220 000 ppm)
(Lefatcs 1966). It was obsarved that VOM, being 2.15 tirnes heavier than ic, may col-
Ject as a compact laver at the floor of a palyrmerization building after spill-over from
opened tanks and may catch fire. At least two instances of disastrous VCM explosions
became known: In 1964, a large plant for the polymerization of VCM in the United
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States was aimost compietciy destroyed when VCM escaping from a leak detonated
(Atbrig/ir 19673). Another explosion in one of the two Rumanian factories operating
at that time was mentioned by Suciu et al. (1975). Monitoring of VCM concentrations
polluting the work environment was then directed largely towards preventing VCM
from reaching the flammability limit.

2.2.6 The Odour Threshold

Unionunately, gaseous VCM has no irritating or unpleasant waming propertics. Jts
mild odour is described as faintly pleasant, sweet or ethereal. Some of the PVC
workers we interviewed reported that they had even enjoyed ‘sniffing the gas’, which
soon resulted in a feeling of light-headedness. For the early days of PVC production,
when appropriately sensitive monitoring equipment was not yet available, workers' re-
ports about perceptian of the odour of VCM can be taken as circumstantial evidence
for a rough estimate of the actual degree of exposure. It should be kept in mind, how-
ever, that in chemical production units the presence of other odoriferous chemicals
and the possibility of olfsctory fatigue, as well as different levels of individual sensitiv-
ity may render it very difficult to determine the factual odoutr threshold of a certain
gaseous substance unless it possesses irritating waming properties.

in 1929, Schmidt and Schaumann declared that the faintly sweet gas is practically
odourless at concentrations of 5%-10% by volume, Velrman and Lange (19771, b)
assumed an odour threshold of 5§ 000-10 000 ppm. Volunisers exposed to VCM
detected a slight odour at 4 100 ppm; 8 distinct odour was noted at 6 600 ppm for
30 min and this was accompanied by subjective symptoms of dizziness and sleepiness
{Irish 1963). Gelining et al. (1979) recently mentioned a threshold of approximately
3500 ppm. Others have claimed that a concentration of 400-500 ppm is the lower
limit for detection of VCM by its odour (Barersa et al. 1969; Cook st al. 1971 AMarko-
wirz et al. 1972; Lefévre 1975, cited by Hudler 1975), Baretra et al. (1969) conducted
experiments with concentrations of 50, 250 and 500 ppm in an exposure chamber. in
which 13 volunteers participated. At SO0 ppm only some of them claimed that they
were able¢ to detect the adour, but this was inconstant. Table 3 shows that differences
between the various estimates are at least one order of magnitude. The close proximity
between the perception of the odour of VCM and incipient CNS symptoms as reported

by Jrish (1963), however, makes it likely that the actual odour threshold can be as.
sumed at or above 4000 ppm.

In contrast to VCM, the comonomer vinyl acetate, for insance. has distinct wam-
ing properties and can be detected by its odour at a level as low as 0.4 ppm; eye and
throat irritation begin upward of 5§ ppm and are aoted by all test subjects at a concen-
tration of 21 .6 ppm (Deese and Joyner 1969).

2.7 VCM as an Anaasthetic Agent

VCM was once even considered for use as an ansesthetic agent. In 1929, Schmidt and
Schaumann speculated about using VCM as & supplementary narcotic at concentra-
tions of 3%-5% (v/v) (= 30 000-50 000 ppm)‘in combined nitrogen oxide oxygen
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Table 3. Odour threshold

Lower {imit of derection Author
T200-10000 ppm V'eltman and Lange 19772, b
£ 000 ppm Violgl 974
4100 pom Irisi 1963
3500 ppm Gehnnget ui 1979
500 ppm Borecia ¢t 20 1965
400-3500 ppm Lejévre 1873 tciiad by Hubie: 1975
400 ppm Cook cral. 1971
400 ppm Markowirs et al 1972

anaesthesia because of its potent nareotic action and the wide margin between narco.
tic and lethal concentrations. [n animals it produced angesthesia at 75%—10% in air or
oxygen: concenuations above | 25 proved to he dangerous. The authors pointed out,
howevet, that adverse late effects of this halogenated hydrocachon could not be ex-
cluded. In toxicity studies with guinea pigs Porry et al. (1930) found sancentratons of
105 VCM to be lethal within 30-60 min, 5% to cxuse marked narcosis, and 0.5% for
several hours to be the maximum tolerabie exposure without serious effects. They aiso
commented ypon the potential use of VCM for surgical anaesthesiz but were undeter-
mined about its practicability. In mice, the minimal anaesthetic range was found to be
3.5-5 mmoi (85 000—122 00C ppm) for 10 min, the minimal lethal range 10-12
mumol (244 000293 000 ppm) (Peopics and Leake 1933). It was not until 1947 that
Oster er al., in contrast to Schmumann’s earlier assumption (1934) of a relatively low
cardiotoxicity, warned against the use of VCM as 3 potential general anassthetic in
man because of serious cardiac irregularities and ECG changes observed in dogs. VCM,
lik¢ other halogenated hydrocarbons, sensitizes the heart 10 the effect of catechol-
amines (lrish 1963). We could not ascertain whether VCM has aciually been used in
the past for anassthasia in man.

<23 Effects of Acute Overexposure in Man

Some individual responses of volunteers to increasing concentrations of VCM are
listed in Tabie 4. Leszer st al. concluded in 1963 that the maximum concentration
without acuts effects in man lies betwsen 8 000 and 12 000 ppm for § min, and that
svmptoms such s dizziness, light-headednens and disorientation should be taken as
adequate warning signs for iaminent acute danges. Two fasalities after occupational
expasure to high concsntrations of VOM are reported in the litsrarure (Denziger 1960).
A 21.year-old sutocisve clesner af s Canadian polymerization plant was found dead

1Q min after sntry at the bottom of & probably insufficiently ventilated reactor tank
which had been declared safe solely after an explosiometsr test. Heare failure colls and
cardiac snlargernent found at sutopsy, howewer, implied that the causs of death might
have besn acute functional disturbance in pre-existing heart disease. [n the second case
which occurred st the same pisnt, howsver, circumstantial evidence spparently left no
doubt that hesvy VCM exposure was the cause of death in a 39-vear-old worker. He was
found dead within 20 min, lying i 3 pit aear the apened vaiwe of 2 recycling pipdine
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;&r Table 4. Individudl responses of volunteers to increasing concentrations ol VOM 229 Monr
42 } *  Concentration ?:apr;:Lc:: of Symplonis Reterence During the f:
g ed dataon \¢
Tod 500 ppm 75h ({Inconstant odour detection) Burcrra et al. was directed
,a;,-'i;: mild headache, dryness of (1969 an apparentl
WiN Y eves and throatin 2 of 7 subjetd) 1954 Plesiic
by v by y
- E{; 4 000 ppm - Genenally accepted odour Irisi: 11963) gror{sberg to
'wel threshold - ussian poly:
EN . o 005008 m
N 6 600 ppm 30 min (Distinct odour) Irisit (1963) centration of
g i‘ . dizziness. sleepiness . . Inspectorate ..
;}\ 8 000 ppm ) 2 of 6 subjects ‘slightly heady" ! or from the d
. 12 000 ppm 1 of 6 subjects had reeling. ; mg:litre (= ],
~ el swimming head, ‘just like ¢ mg/litee (= 5-
o § 5 mind {twice on  getling gas’ Lester ¢1 al. In the cen
RS 16 000 ppm | each of 3 succes-  § of 6 subjects, various degrees  (1963) arr ranged fro:
B It sive days) of intoxication X
Ry 20 000 ppm All 6 subjccts had more intense ; ppm, which «
‘Ei 23 symploms of acute intoxication I thfﬂauon. T
7% ? : . than at 16 000 ppm | trations, somw
S I pursuit of imp
N ‘-,.{,,_-3. £ 25 000 ppm I min 2 expenimenters: Parry eral. ! ment in the vi
PR dizziness. disonentation. (1963) ' ie drvin fa.‘L\
Eat ) buming sensation in the soles : Ying fact:
B of the feet . centrations of
ﬂ:_‘}; ' yed to b
B i 3 Exposure to six different concentrations: 0 ppin: 4 000 ppm: 8 000 ppni: 12 000 — concen
Lk ppm: 16 000 ppm: 20 000 ppm D . plant,
% : . geofors
o N 93 mer
' through which non-polymerized residual VCM was pumped back into a rescrve tank: T apparal
another man coming to his rescue was himself overcome by the gas and only just 1bie the
escaped. r, althe
Two non-fatal cases of VCM gassing were reported in Great Britain in 1951 (Spirras ‘¢ prob.
et al. 1975). A maintenance worker experienced acute narcosis while repairing a VCM wyrén etal.
leak, and a worket cleaning s polymerization vat from outside with 2 water jet sudden- which occurreu
ly collapsed scross the open manhole. Subsequently he complained about tightness of cated peak exp
TR the chest, nausea, abdominal pain and headache. Occasional loms of consciousness was between 1962 .
SR also reported by Lilis et al. (1975) in 14 of 354 workers at Niagars Falls and by Suci Rumanian PVC
S et al. (1963) at 3 Rumanian plant. VCM-induced narcosis, a1 least on one occasion in about 120 mg,
. the past, had occutred in 46 of $8 workers (797%) referred for medical surveillance exposures to V¢
NN from one British PVC-producing plant (Wead et al. 1976), with a 1007 incidence of 300 Rumanian
.. i narcosis in 28 symptomatic workers (Raynaud's syndrome and/or acroosteolysis). Greek plant wh
A Suceessful resuscitation after VCM.nduced narcosis of several hours’ duration with- resulted in high
A out evidence of permanent damage was mentioned by Rezy et al. (1974). (Gitsios 1971).
S of the reactors 1
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2.29 Monitoring VCM Concentrations in Working Areas

During the first two decades of PVC production (1950-1930) no pubiication contain-
ed data on VCM concenteations in the wasking environment. Tlic maia interest then
was directed towards prevention of the cxplosion hazard. In 1957, the observanorn of
an apparently toxic angioneurosis in Russian PVC production workers (Shuriarz
1984 Pleshelrrser en al., cited in Filarora and Gronsberg 195371 indcad Frigrve and
Gronsherg to investigate envitonmental VO sorcentrations i vanous fants ol 2
Russian polymenzation plant in Gor'kij. Although most readings were in the range of
0.05-0.08 mg/titre (= 20313 ppm), ¢ 3. below the maximum permitted VCM con-
centration of 1 mg/litre (approxumately 400 ppm) as specified by the Seate Sanitary
[nspectorate at that time., escapes of VOM in the reactor areas from defsctive fittings
or from the discharge of operating autoclaves resuited in excursions up to J9.5—1.4
mg/litre (= 1| 500-16 200 ppm) for periods of 5—10 min. One peak reading of §7.3
me:litre (= 34 OUQ ppm) was recorded.
In the centrifuging and drying area of this plant the VCM content of the ambient
air ranged from 4 pom to 3 100 pprn with most readings between 2Q ppm and 195
ppm, which was ateributed to release of residual VCM from wet PVC resin and poor
ventilation. The screening and bagging area was characterized by high dust concen.
trations. sometimes exceeding the official upper limits set for non-toxic dusts. In the
pursuit of improving industrial hygiene, the installation of modern ventilation equip-
ment in the vicinitv of the autoclaves, substitution of hand-operated by semi-automat-
s drving facilities. and avoidance of leakages succeeded in reducing the ambient con-
c=ntrations of VCM ta below 0.05 mg/litre (= 20 ppm), but toxic angioneurosis still
continued to be diagnosed. This led the suthors to recommend thar the maximum per-
mutted concentration of VUM should be reconsidered. -
In 3 plant producing VOM, Filgrora et al. (1958) found lower concentrations in
the range ot 0.041.1 mglitre (16—430 ppm), with maximum vglues of about 1200
ppm (2.93 mgflitre), the lacter having been observed in close pruximity to the rectif-
ication apparatuses and having resuited from spillage during sampie collection. [t is
remarkabie that up to now the Soviet Union has reponted no cases of angiosarcoms of
the liver, although production of PVC resins started sarly and VCM exposures in the
past have probably been in the same range as those observed in Western countries.
Byrén et al. (1976) pointed out that during the 19503 episodes of unconsciousness
which occurred among workers of the one Swedish plant operating at that time indi.
cated peak exposures of at least 10 000135 000 ppm. Suci: et al, (1975) noted that
between 1962 and 1972 3 reduction of the average VOM concentration in the two
Rumanian PVC piaats had been achieved from 2298 mg/m? (= 900 ppm) in 1962 to
about 120 mg/m? (= SO ppm) in 1965=1972. In 1969, Angh:eiescu et al. mentioned
exposures to VCM concentrations of 112-545 mg/m® (44=213 ppm) for 2 group of
300 Rumanian workers, sight of whom (2.7'%) hnd Raynsud’s phenomenon. At 3
Greek plant which started operation in 1967, certain stages in the production process
resulted in high concentrations of VCM in the work environment for brief periods
(Girsios 1971). in air displaced from reactors during addition of water and on opening
of the reactors to obtain PVC samples at tive end of 3 reaction cycle, concentrations of
up to 10 000 ppm were found. In open waste-drums into which waste polymer scraped
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I W.K. Lelbach and H.J. Marsteller Viny!
away from reactor walls during cleaning was placed, concentrations of up to 600 ppm than *
were messured. ppm).
In the report of a World Health Organization (WHO) working group on vinyi chlor- plants
ide (IARC 1974) it was stated that in a reactor of 15 m* (production of 4~5 tons of sampic
PVC per cycle) a crust of 4 kg PVC containing 3%~5% VCM can be formed on the Estim..
inner surface. During the cleaning procedure 30%—50% of this VCM content is liber- more .
ated. It was calculated that the probable concentration of VM within the reactor averag.
after g 1+h cleaning operation was about 2700 ppm, but that it could e reduced to
90 ppm by 30 renewals of air per hour. In the past a polycleaner used to spend 4=5 h/ Table
day inside the reactor but later the introduction of (not fully sufficient) automated atm osr‘
cleaning reduced manual clesning procedures to shorter periods of 10—15 min foliow- Chem.

ing every 20th-30th reactor cycle. A Belgian company, where monitoriag in the work-

. ing area was started in 1967, claimed that messurements at various sites inside 3 9000- 19451
Litre autoclave during the manual cleaning operations had shown VCM concentrations :g Z (5) -
’._ varying between 50 and approximately 5S40 ppm, with a mean of 413 ppm (Hubler ot mid-19 -
: al. 1977). According to data provided by Cook et al. (1971), VCM concentrations 19-
S within the reacton prior 1o ventilation were in the order of 3000 ppm. The reactor 19-
& cleaners usually did not enter the autociaves until an aeration period of 15-~20 min —
S had reduced the VCM concentration to what was considered satisfactory limits. In the 3 Acc
k: early days, this was tested either by “sniffing at the manhole opening’ (the lower limit
i of detection of VCM by its odour having thea been sccepted as 400 ppm) or by use of
§ a flammable vapour indicator which raquired 3 minimum of 400 ppm for positive read. ~ Equ:
r ings, equalling 4% of the lower explosive limit of VCM. Later more sensitive methods Neinc
H such as gas chromatography were said to have shown that VCM concentrations inside c Pm-
: the reactors tended to be below 100 ppm during cleaning operations, but VCM releas- = e
ed from the residus during scraping resulted in concentrations of $00-1000 ppm - bon
measured close to the hand. ny Thej
The Dow Chemical Company started monitoring the work environment in 1950 by o el
means of grab samples; continuous monitoring was instalied in 1959. While time- $she
weighted gverage (TWA) concentrations ranged from 10 to 385 ppm during this period :h°°ﬁ
(1950-1959), excursions up to 4000 ppm occurred, agresing with employees’ reports c € c
of experiencing dizziness while loading or unloading reactors (Oz¢ et al. 1975). [n a combrin.
second unit with modernized equipment excursions up to 600—1300 ppen still occur- tion %::e
red dusing the period of 1953-1959. In 1959, when toxicological data indicating sd- (Sonoflu
verse effects in animals exposed to 100--500 ppm VCM had become availabie (Torkel- which ca:
son et al. 1961), the Dow Chemical Company introduced a new 50 ppm guideline for conditio-
the work environment. Excursions and peaks up to 500 ppm did continue. Measure. lag of res
ments of TWA exposures for various specified job catagories in two production units Ac;t-:
of this piant betweens 1950 and 1966 wars presentsd by O1z et al. (1975). In 1968 industria!
BASF (West Germany) introduced continuous monitoring by infrared absorption in 1975 t;
spestrophotometry for VOM concentrations well below S00 ppm: in. 1974 more sensi. :
tive equipment was installed and concentrations wers kept below 25 ppm and later
below 10 ppm, with oceasional ceiling vaiues of 70 ppm (Fleig and Thiess 1974). 22.10 E
In sevenal surveys individual jobs were grouped into thres exposure catsgonies ac- Raw PV
w PV(C

conding 10 job clasification 1o svaluate past exposure experiences (Spirras st al. 1975;
Williams et al. 1976; Biendis et al. 1978). These exposure indices were: (z) light = jess unreacte.
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than 50 ppm: (b) medium = 50200 ppm: (c) high = 200 ppm and above (up to 1 500
ppm). In the past, however, estimates of expasure concentrations were based in most
plants not on continuous monitoring during the entire work shift but at best on spot
sunples not necessanly representatve of the different phases of a given operation.
Estimates of past exposure levels such as those represented in Table § are, therefore,
more or less conjectural. {t can be assumed that considerable deviations from these
average values have occurred all 100 often in the past.

Table 5. Average concentrations of VCM in the working
atmosphere of PVC-producing plantsd. ( Estimated by
Clemical Industries Associauon Lid.)

1945 ~1938% ~ 1000 ppm
1955 -1960 4. 400500 ppin
1960~1970 - 20000 ppm
mid-1973 ’ ~150ppm
1974 ~ 50 ppm and less
1978 v Spem

4 According to Fleig and Thuess 1974 Barmes 1976

Equipment for optimal cantinuous multipoint monitoring of exposure concentra-
tions in the working areas should mest certain basic requirements: (1) For stationary
eqguipment strategically piaced sampie probes should yield data representative of indi-
viduai exposure levels in the breathing zone of workers, preferably to be used in com-
binznion with personal samplers. (2) Analysing methods should have 2 high selectivity.
{2) The limit of detection should be a2 least one order of magritude below the current-
ly specified standard regulating the permitsible upper level of exposure. (4) Measure. -
ment should be ingtancanesous (within seconds) to guarantes rapid detsction of critical
peak concentrations. (5) Recording and data processing techniques should be provided
for the daily estimation of TWA exposure during the whols work shift.

Currendy svailabie methods for the determination of ambientt VOM concentration
comprise such analytical tools as long-path infrared spectrophotometry, flame ioniza.
tion detection, gas chromatography, mass spectrometry, combustion<oaductivity
{sonoflux"), and personal sampiers in combination with gas chromatography, none of
which can at present be considersd as absolutely satisfactory for all individual plant
conditions because they all differ with regard to selectivity, limit of detection and time
lag of respanse.

A catalogus of the methodologies that have prowd to be of value in the control of
industrial hygient aad pemonnel protection regarding exposure to VCM was complied
in 1975 by Rowe.

22.10 Exposure to VCM in PVC.Processing (-Fabricating) Plants

Raw PVC powder ready for compounding and fsbricating purposes contains rexidual
unreacted vinyl chioride monomer in varying amounts. In the past, monomer content
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was reported 10 have been as high as 60007000 ppeu (w/w) in some types oJ raw -

PVC. but ailevel of 500—1000 ppm prubably was a more representative range
(Schwetrser 1975 VKE 1974: Karstcd: 1976). The monomer slowly escapes into the
environment exponentially with time. Jepending on length of storage period. tempera-
ture. size and porosity of particles and other physical properties of the polymer and.

more recently, on the effectivity of special degassing techriques (Prer 1976: Scinic: _.

and Wolf 1977). In 1975, the Associution of the German Plastics Industry announced
that in future only PVC powder with 2 maximum monomer content of 10 ppm would
be put on the market due to the development of special degassing technologies (VKE
1975). Analyses of Lhe types of raw PV, chiefly suspension polymer. which are now
used in Cerman plants showed that in most products the content of unreacted mono-
mer was now less than 20 ppm but in some (oreign products it still ranged between

150 and 250 ppm; it also turned out that there may be considerabie variation be'ween
different batches of the same product (Sciuirs and Wnif 1977). -

Coid and particularly hot mixing or compounding of PVC, a procedure which usu-
ally precedes fabricating processes, favours the escape of unrescied monomer and,
therefore, requires special ventilation equipment. Depending on the content of residual
monomer, considerable amounts of VCM could be set free during the mixing process.
as was shown by Bneder and Strady (1975). Apart from hot compounding, other ther-
moplastic operations, such as extruding, calendering and welding of tiles. also resulted
in release of unrescted monomer in10 the work environment. Although recendy con-
ducted measurements of the concentration of VCM in working areas of six German
PVC fabricating plants have shown that in 90% of the readings mean levels integrated
over |4 periods now range below 0.1 ppm, aurmnerous short bursts with excursions up
to 60 ppm during a workshift were recorded in one instance (Sc/irz and Wolf 1977).
Simiiarly jow concentrations of VCM in breathing zone samples (maximum: 12 ppm1)
with 607 of the values ranging below | ppm had been found in 1974 in nine United
Stat¢s fabricating plants, but source samples had ranged up 10 340540 ppm (Karsradt
1976).

These present results, however, do not permit any coaclusions as to past levels of
atmospheric VCM during the years when residual monomer content of PVC resins was
high and ventlation insuflicient, particularly in compounding and extruding units.
Whatever the extent of the ritk might have been in the past. it can be safely assumed
that the ambisnt monomes concenteations in fabricating plants have always been con-
siderably lower than in PVC-producing plants.

When it was suspected that certain VCM-related svmptoms might siso have afflict-
ed PVC process workers, this probiem was investigated by our group. Although no
cases of acroosteolysis, pseudoscieroderma or angiosarcoma of the liver were observed,
svidence was presented which demonscrated that minor and incunspicuous lesions such
as mild hepatic fibrosis, bromsulphalein (BSP) rewention, thrombocytopenia and slight
eniargement of the spleen could be found in 28 process workers who had been em-
ployed for years in compounding and fabricating units (Laxge ot ol. 1975, 1976a:

wmmlﬂs.ﬂmmﬂcrﬂd 1976). In principle. thess lesions were identical with

those seen after heavy exposure as we will describe, but the degree of damage attribut-
sbie 1o occupational VCM exposure observed in these workers was not considered suf-
ficient to sntitle them to dissbility compensation under German law. Aithough the in-
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couspicuous character of tirese lesions agress well with the assumprion ot a dose-rc-
spunse relationship of VCM-related disorders and the alterations may seem to be,
quantiratively . of little importance, they should not be minimized. Nevertheless, an
oservauen pariod up to the present of Jimost 7 years did not reveal any spontancous
Progression. In 2 proportional mortaiity study for 1970-1972 among roughly 35 200
male PVC fabrication workers in England and Wales. Saxrer and Fox (1976) dié aot
find an excess of angiosarcoma or other liver diseases.

A recently completed cohont study of 4007 people who had becn employved bty
two German PVC {abricating plants between 1934 and 1974 and of whom 360 had
died revealed that overal] mortality . although marginally below that of the male popu-
lauon of the Federal Republic of Germany . was slightly clevated with respect to the
“healthy worker effect’. No angiosarcomas Of the livet were observed snd no excess in
overall cancer mortality was noted, but an excess mortality from brain tumours was
recorded in one of the 1wo plants (Remnl et al. 1973).

.21l National Standards for the Control of Exposure

Indusirial hygienists have used several designations for acceprable or permissible limits
of exposure to chernicals 3t the work place, such as ‘maximum allowsble concsnura.
tion” of ‘maxirium acceprable concentraton” (MAC), threshold limic value’ (TLV),
‘industrial hygiene standard® in the United States and as ‘Maximale Arbeitsplatzkan-
zentration” (MAK) in West Germany. These empirical standards were defined by the
American Standards Association as setting a limiting concentration “for sxposures not
exceeding & hours daily during a $0-hour work week with the understanding that var-
tinns should fluctuate below this value™ (/risht 1963). An extensive discussion of the
basic approach o the principles used in setting environmental quality standards for oc-
cupational respiratory exposure (0 toxic agents can be found in the psper of Ziethuis
{1974). In tha paper, the conceprual differences berween theeshold limit values as
used in the United States and maximum allowsbie concenwrations as used in the USSR
are summarized and the differences in approach and emphasis, which may explain past
discrepancies betwwen permissibie limits, are elucidated. For demils the resdee is refer-
retd to thus paper.

The standard is a2 an index of relative toxicity, far less of hazard, and cervainiy
not a sort of “swerage’. A standard set as the cwiling level implies that any fluctuations

- should be around a median of perhaps haif the standard and that it should be compe-

tently used in full swareness of its physiological basis and the limitations of currently
availible knowledge (Jrish 1963). Tha standard will be subject to revision &3 3000 a5
new information is avaifable. As essential dement of the sanually publithed German
list of MAK valusg (MAK-Warte) is its presmbie, which exhaustively defines the

. various modalities for the interpretation of such standards (Henschier 197/73). The

so-called TWA, 2o inwgration aver time of fluctuating concentrasions, will be 8 useful
ol for extimating the probability of iajury only if it represencs s comprehansive anal-
ysis of the normal Juctuation delow the standard.

= in the Federal Republic of Germany the standard for VCM (MAK) was sat at 500

ppm in 1966. The German Standards Advisory Comemittee ceduced this to 100 ppm
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P in 1970 in conformity with the proposal of Torkelson et al, (1961). which was based - Table 6.1
S on the results of their animal experiments. In June 1974, when the carcinogenic prop- _—
erties of VCM had been well established. the MAK regulation for this chemical was re- Country
pealed and instead a preliminary technical guideline (Teciinische Richtkonzentration )
of 50 ppm was instituted (VKE 1975). The Chemical Industries” Liability Insurance Belgum
Associstion { Berufsgenossenschaft der Chemischen [ndustrie) also issued instructions Canad
for the prevention of health hazards arising from handling of VCM in July 1974. As ?
of July 1975. 8 technical guideline (TRK = Technische Richtkonzentration) of § ppm. Finland
‘ defined as annual mean, for PVC-producing and -fabricating plants was instituted, per- France
= mitting excursions up to 15 ppm during periods of not more than 1 h. In order to German D
= adapt eperating plants, a provisional regulation was issued with reduction of the an- Republic .
4 nusl mean concentration to 20 ppm a3 of July 1975, and t0 10 ppm as of July 1976 Iran
o and peak concentrations over 1-h periods not exceeding 60 or 30 ppm, respectively Ttaly
' (Veitrnan and Lange 1977a). The technical guideline (TRK value ) was revised in 1977
et (2 ppm annual mean/5 ppm per 1 h). Japan
g In the United States the threshold limit value for VCM was originally se1 at $00
o T pom in 1947, It was reduced to 50 ppm in April 1974 33 3 temporary emergency stan- . 4
-SRI dard and finally reduced 1o 1 ppm/8 h in 1976. Halex (1975) summarized the conflict- Netherlanc
b ¢ ing views on vinyl chloride regulations proposed by Government and industry in 1974. Rumania
AR Table 6 shows threshold limit values in a number of PVC-producing countries.
2 n
2.2.12 Exposure o VCM Oumside the Working Area D e
The Environmental Protection Agency estimated that PVC-producing plants in the N gk
United States discharged about 90 million kg VCM annually into ti.c environmen: &
(47:=87 losses), most of it as air emissions and lesser quantities dissolved in water
effluent streams and entrapped in sludge and solid wastes (Sc/nweitzer 1975). Ina
pioneer study, conceatrations of 1 -2 ppm VCM were found in the ambient air near
such & piant (JARC 1974), 23 ppm in the primary water e(fluent and 100-200 ppm _
in the sludge at the plant site, but sampling and analysis methods used were later
found 10 have been inadequate 5o no conclusions were drawn from these figures since
7 they could have been in error by as much a3 one order of magnitude (Scimeirzer
N 1975). For people who live within § miles of monomer and polymer production facil-
o fties in the United States an average exposure of 17 ppb during the years of unconuol- USSR
ol Jed emissions was calculated (Nicholson 1977).
L in the past VCM has been widely used as an aerosol propellans, either alone or mix.
AR «d with fluorocarbons., hydrocarbons and inert organic gases, in household and cosmet-
_— ic products (hair sprays, deodoraats, pesticides, room disinfectanis, paint sprays,
TR fumiture polish and window ciesners). in Germany, VCM was proposed a3 pfowlh.nt Federal Re
. . for serosols in 1958 (Osrermayer 1967), in Jupan it has been used as 3 propeliant since Germany |
e 1958, in the United States this use was probably introduced afier 1962 (Sc/mveirzcr
SRR 19751, Az an aerosol propoltant. VOM has beent a possible source of exposure for the
AV public at lasge. porticutardy for women, the extent and the potential health implics-
K. ) . tions of which are unknown. Use of aerosol products in confined spaces has been re-
Yy ported 1o result in sir concentrations of VCM of up 10 400 ppm in ciosed rooms,
S - even after only short bussts (30 3) (Gey et al. 1975), which could persist for several Sources: 5r
. 73;IARC P2
co . 1977, Schu
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Table 6. Threshoid limit values ¢ TLV) in various sountries

Country Year LY Comment
ppm}
Belgium 1978 25050 TWA (6 n/18 min)
Canada 197§ 10728 TWA (8 h/15 min)
Finlarg 1978 510 TWA 8 h:13 miny
Franee 1978 23 TWA 8 h)
German Democnane = 200 MAC (Schorrek 1969)
Repubtic (DDR) 1976 &2 (Konerske et al. 1978)
nan 1976 25150 TWA (B h/l h)
ltaly 197§ L{1] TWA (8 h)
{furure) 125750) (TWA % 018 min)
lapan 1970 500 MAC
97 200 MAC
1978 810 (25 mg/m?)
Netherlands 1978 19 TWA(S 0
Rumania - 100 mg/m?* MAC (Prodon et al. 1875)
{40 ppm)
Sweden 1975 5720 TWA (8 h/i$ min)
. 1976 /s TWA (8 b/15 min)
Switzeriand 1975 100 MAC
{future) 10 TWA (8 h)
United Kingdom 1978 25/%0 TWA (& h/18 min)
October
1975 10/30 TWA (personal/eeiling)
UsA 1947 500 MAC (Amer. Conf. Governm.
Industr. Hvpieniszs)
April 50 TWA (8 h). temporary emergen-
1974 <y standard (OSHA)
October 15 TWA (8 h). temporarily permit-
197 ted exposure
1976 18 TWA (8 h/13 min)
- USSR - | mg/litre MAC. provisional ceiling concen-
(391 ppm) tralion; Stave Sanitary Inspes-
torate, 1957 (Fiarove and
g 1957)
- 30 mg/m? MAC (Scrorek 1965; Keriner
& 12 ppm) 1975) (Sanitaraye normy )
Feders] Republic of 1966 $00 MAK
Germany 1970 lt’io MAK
June [ TRK (prefiminary techaical
1974 fuideline). Asauiment of
MAK regulation.
197¢ $/1$ TRK (ansusl memn/! b}
1977 S TRK (annual mean/3 h)

Sources: Smyok 1956 Filsrove and
T3 IARC Report 1974: Heley 1975
1977, Schizz and Wolf 1977: MAK

Gronsperg 1957; Schortek 1969: Henschier 1972/
yoakebe 1975. Mrodan et al. 1975 Aryanpur
Werte-Liste 1977: Kerrner 1975
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houss alter repeated spraying in smaller-sized rooms (IARC 1974), Heley (1975) pre-
sented a list of pesticide products conraining VCM as 3 propellant and regisiered for
indoor use, which were banned in 1974 by the Food and Drug Adminstration. In
Japan. the monamer was also banned as 3 propellant in 1973 (JAMA 1973, 229:853).
There is a case on record oi 3 worker who died from noncitthotic portal hypertension
and angiosarvoma of the liver after )4 vears” employment 3t a chemical piant in south-
emn Germany where he had been engaged in loading such pesticide cans (R and
Webor 1974). The teport of a female office worker suifering from typical Raysiaud’s
phenomenon. preudossieroderma. acroosteolysis and mandibular osteolysis who never
had occupational contact with VCM (Mcyerson and Alcier 1972) is apt to make one
wonder what influence the frequent indoor use of VCM-propelled spray cans (Bridhord
et al. 1975) may have had in this unique case. Sputum samples collected from frequent
users of pressurized spray cans who had no respiratory symptoms were found to con-
tain a significant excess of moderate and marked atypical metapiastic bronchial cells
compared with 1wo groups of controls (Grod et al. 1975).

PVC bottles. films and foils have been used for many years for packaging food and
beverages (cooking oil. margarine, meat. mineral water. fruit squashes and other soft
drinks. hard liquor etc.). The content of residual VCM in PVC bottles was found to
have ranged formerly between § and 400 ppm (w/w), and in PVC foils up to 800 ppm
{(van Esch and van Logren 1975). The problem of migration of unreacted VCM from
the PVC conniners into the foodstuffs became recognized in 1973. Reports of un-
pleasant tastes in American brands of vodka and whisky which hsd been stored in PVC
bottles led to the discovery that VCM had leaked into the liquors:in some sampies
levels up to 10-20 ppm (w/w) were found (van Escir and van Logten 1975: Duvies and
Perry 1975). Data available in 1974 to a group of WHO experts revealed that samples
of gin and whisky had contained 0.57 and 0.62 ppm (w/w) of VCM respectively, after
storage in miniature PVC bottles for periods up to 3 years: VCM concentrations in -
orange squash and cooking oil were found to be in the range of 0.01 -0.08 ppm and
0.01-0.03 ppm, respectively (IARC 1974). Lewsis of 0-0.4 ppm found in British
PVC-bottled liquids were mentioned by Dovies and Perry (1975): in their own analyses
of sampies of PVCbottied spirits supplied by British Airways they found concentra-
tions ot 0-0.25 ppm (w/w). Methods were developed for the detection of VCM in
liquids with 3 maximum sensitivity down to the ] ppb level (van Lierop and Stek 1976;
Dressman and McFarren 1977). It was tentstively estimated that sven during the years
when PVC-packaged fuod and beverages had not been hevded as a potertial source of
contamination. the likely sverage daily human intake of VCM from this source could
have been in the order of 0.1 mg/person (IARC 1974). Schiarrer (1976) calculated
that today it would be less thari 0.01 mg/perion (equalling 250 mg during a whole
life time); in comparison, he caiculated that the inhalational intake of VCM in diseased
workers who had been exposed to conceatrations of $00—-1000 ppm during 2 period
of 1020 years would have amounsed to at lesst 25 kg. The Associadion of the
German Piastics Industry sxpects that the um of technology svallable at present for
the production of PVC food-packaging materials decresses the VCM content of food-
stuffs to below 50 ug/kg (50 pph) even after prolonged storage {(VKE 1975). Results

of carcinogenicity assays in experimental animals after oral administrstion of VOM

are discusaed in Sect. 33.
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3 Toxicalugy of VCM

3.1 Acuse Toxicity

Dunng the first three Jecades of PVC production. animal zxperiments were linited to
the assessment of the acute inkalational toxicity of VCM in short-term exposurces 10
concentrations varyurg between 50 000 and 400 Q00 ppm fluvsy et al. 193Q: Puapluy
and Leeke 1933 Schcqumann 1938, 1938; Oster ec al. 19<7,Carr et al. 1949 Mastro-
mrarteo et al, 1960: Lesrer et al. 1963). In mice. caks. guinea.pigs. rabbity and dogs
anaesthesia. deep narcosis, cardiac archyrthemias and lethal etfecis were observed within
this range of expasure but no retevant organ pathology was nuted excapt for conges-
tive and haemorrhagic ehanges in lungs. liver and kadneys on fatsl outcome. Acute

hepatocellqlar infury was later found onfy in animals prezseated with potent enzyme-
inducing subrstances (see Sect. 3.4.2.2).

32 Chronke Toxicity

Torketson et al. (1961) were the first to describe results of experiments with prolonged
expasurse (o concenirations ranging from 50 to SO0 ppm, ¥ h/day. 5 days/week, for
456 months. All species toleratzd exposure to SO ppm for 6 moaths: 100 ppm.
however, caused an incresse in liver weight and 200500 ppm caused. in addition,
histological changes in the liver and kidneys of rats and rabbits, but not in guines-
P and Jops. An increase in liver weight and decresse in spieen weight was also seen
ir; rats exposed ta 20 000 ppm, 8 h/day. 5§ days/week. for 3 months by Lesreretal.
11963} no histological lesons were found after 3 months. Soviet investigators at the
Gor'kij Institute were mainly insrested in asuroendocrine chaages after prolenged
exposure of experimental animais to verious concentrations of VCM. Candiac arrytih-
mias. bradyeardia, changes in phonocardiogram int raty expastd to 1230 ppm (0.03~
0.05 mg/litre) for 5 rronths were repocted (Fesin and Plokhare 1969b) as welf 3t in-
creazed secretion of cawecholanines in rabbits sad changes in the Mopotential of the
posterior hypothalamus (Vazix end Plokhove 1969a). Aftar 3 5.5-month expasure to
3500-=$000 ppem (910 my/litre) changes in the bioelectric activity (EEG recordings)
of the cormx and the anmrior and postesior hypothalarmic nudlei in rabbits with con-
comitant changes in circutatory functions were seen (Vasin and Plokhore 1968). Ex-
posurs of rais and rabbits to 003 -0.04 my/lirre {12--16 ppm) for § moaths produced
resotptive bone changes and ostsoporosis in addition to cardiovascutar and central
nervous system dysfuaction (Sxxaisey ot af. 1972). In 1969 Schorzet ssmmarized
acsilsbie evidence for VCM roxicicy snd wamed wrpendy that chronic exposure w
VON should be suspectad of casing toxic liver damsge. He moved that tw curtently
statutory maximal allowsbie concentration of 200 ppm (MAC walue, German Damo-
crxtic Repabiic) should be lowered. .
Of particular importance as pioaesr work were iole’s experiments (1970a, b
Vioks et al. 1971) with expomstre of rets to 30 000 ppm, 4 h/day, § daysfwesk, fora
full year. It was only sfeer this length of exposure thaz-hissopstholugicat examination
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revealed lesions similar to human acroosteolysis and also similas to the type of non-
tumorous liver diseases which we observed in PYC workers 3 years later (Marsreller et
al. 1973). Vioix described iesions of the skin. the small arterial vesseis, the connective
tissue and elastic reticuluin of the paws, and periosteal proliferation with chondroid
nietaplasis of metatarsal bones. Fibrosis of small peripheral nerves and degenerative
changes of the grey and white matter of the brain were prominent. whereas the kid-
neys were not markedly affected. The liver showed pronounced degenerative iesions
with parenchymal necrosis, cytoplasmic and nuclear polymorphism, abnormal prolifer-
ation of hypertrophic Kupffer ceils and intense fibrosclerotc reactions.

33 Oncopenic Properties . °

The earliest documentation of the carcinogenic action of VCM was Viola's preliminary
teport presented at the 10th International Cancer Congress in Houston, Texas in May
1970a. Of 26 Wistar rats exposed to 30 000 ppm for 12 months 17 developed epider-
moid carcinoms, mostly in the parasuricular region; § also developed adenocarcinoma
of the lungs and § osteochondroma of metacarpal and metatarsal regions of all 4 limbs
(Violg et al. 1971; Viols 1974). Maltoni and Lefernine (1975) later interpreted these
parsauricular tumours as arising from the sebaceous glands of the exterior acoistic
duct, also known as Zymbal's giands, the cell matrix of which seems to be the target tis-
sue of a number of carcinogens. They were of the opinion that the pulmonary malig-
nancies were metastases from the Zymbal gland tumours. Autoradiogranu of sections
of whole rats dosed onally with [**Cldabelled VCM reveaied a discrete localization of
T4C in the parasuticular region (Zymbal gland?) and in the region of salivary glands
and Harder's glands (Green and Harirway 197$). In this context.Veumann et al. (1979).
who analysed the peroxidase activity in Zymbal giands of Wistar rats, proposed the
concept that peroxidasemediated bioactivation of carcinogens (in their study: stilbene
derivatives) might offer an explanation for these tissue-apecific effects.

At the end of 1970 Maltoni and his group, with the support of Italian, British,
Belgian and French chemical companies, started to plan and subsequently execute 3
largescale carcinogenicity biosstay dasigned to study the effects of chronic exposure
to VCM in relation to various experimental factors such as route of sdministration,
dose level, length of treatment, and species, strain, sex and age of animals (Melroni
1973, 1977: Maltoni and Lefernine 19743, b, 1975; Maironi ¢z al. 1974a, 1975). Con-
centrations used in the inhalation experimens were 30 000, 10 000, 6000, 2500, 500,
250 and 50 ppm, with langth of exposure ranging up to 52 weeks and observation pari-
ods up 1o 143 weeks. Apart from the induction of Zymbal gland carcinoma other ma-
lignancies dewsloped, notably angiosrcoma of the liver but aiso extrahepatic angio-
sarcomas. asphroblastomas, pulmonary tumours and mammary carcinoma, a8 well as
3 number of single tumours of other target tissues. Different types of tumours were
found to coexist in the same saimal. On orl administratioa of VCM dissoived in olive
oll (S days/week) angiossrcoma of the liver was found after SO weeks in two animals
of the two groups of 80 Sprague-Dawiey rats sach of which had been trested with the
highest doses of SO and 16.65 mg/kg body wt. (Malroni et 3l. 1975). Maitoni (1977)

succeeded in demonstsating that the route of administeation of this clearly multipo-
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Vinvl Chlonde-Associated Discase .

tential carcinogen ma;- significandy vary the type of neoplastic responsc. In a subacute
study of oral VCM toxicity . faszing only 13 weeks, in which rats were gven VCM dis-
solved in 50va bean oil by gavage in daily doses of 30, 100 and 300 mgkg body wt..
5 days;wesk. Feron ¢t 3], (19°5) found a significant increase in liver-io-bouy weight
tio anly at the highast Jose [evel. This was interpreted as a mereiy nunspecitic reac-
uon not necessasly indizative of 3 toxXic response. Based on these results, Feron et al.
placed the oral no-toxiceflect level at 30 mg VCM'k2 body wt./day and suggested that
the no-toxscerfect level may actually be zven higher. Zymbal eland carcinoma. hepaus
angiosarcomas anJd nephroblastomas had never occurred spontaneously in the breed of
Sprague-Dawiey rats used at the Bologna Institute. The neoplastic response to VCM
proved to have 3 direct Jose-time relationship. Even levels of 50 ppm were carcino-
geuc in raws and muce. Later Malrons (1977) found exposure to 25 ppm VCM also to
be carcinogenic in rats. whereas no carcinogenic effect was observed at lower levels of
10.5 and | ppm in a study which, however, is still incompiete (quoted from Griciure
1979). Another American study designed to complement Vaironr's results confirmed
the dose-related induction of liver angiosarcoma and mammarv carcinoma in mice at
exposure levels of 2500, 200 and 5O ppm (Keplinger et al. 1975). On reexamining
hustological slides of his past experiments, Viois la detected angiosarcomas of
the liver and other malignancies of skin. lung mf& his rats: he also reportzd
the induction of skin acanthomas and pulmonary adenocarcnornmas ir rabbits after ex-
posure to 10 000 ppm VCM, 4 hiday. § days/week, Tor at least 1§ moaths (Maironi et
al. 1973b: IARC 1973), Mualroni and Lefemnine (1975) considered the effect of VCM on
endothelial tissue to be a systecruc one since they found dilatation of dlood spaces, hy-
perplasia and atypia of endothelial cells alsc in organs and rissues other than the liver,
even in the absence of angiosarcomas or benign angiomas. Evidence of hepatic fibrosis
w3s $SaNty and inconstant in their animals and was more likety to occur at the lower
doses. in the spieer of treated rats and mice fibroangioblastie proliferation undergoing
fibrosis was frequently observed. No scroosteotytic lesions were found. but 2 few cases
of omsifying angosarcoma were observed. A potentizl transplacental carcinoge:ic ef-
fect was suggested in 1975 by the development of subcutaneous angiosarcomas in the
offspring of breeding animals exposed for 7 day's during pregnancy (Maironi and Lefe-
mine 1975), Later, Maitont (1976) detected angiosarcoma in the offspring of rats ex-
posed 10 VCM during the period betweer. the 12th and 18th day of pregnancy (quot-
ed from Gacivee 1979). Hepatoceilular carcinoma was zot found in acult snimals but
it was seen 10 deveiop readily in newbom animasis, possibly in connection with the im-
maturity of their bicactivation pathways (Malroni 1977, Exposure of newbom rats
to 2000 ppm VCM, B h/day, § days/week, for at least 4 weeks elicited preneoplastic
focs of hepatocellular ATPase deficiency, notably in fernale animals (Laib et ai. 1979).
Hobnberyg et 2. (1976) exposed mice to 50 and 500 ppm VCM, § h/day, § days/
week, for §2 and 26 weeks respectively. They did not observe hepavic fibrosis or
spieen changes. wmummmmmdm 18 of 24 ani-
rmals exposed to SO ppm and in ail 24 snimals exposed to 500 ppm’ . in sddition, sub-
cutsneous and/or subperitoneal haemangiosarcoma developed in 14 animals of the 50.
mmwhtofhmoﬂmm -Only ons haemangiosarcoma of the livet

1 See alsn Winell et al. (197€)

PR

Y bN

bLIZE THN

4

f .
oy

I

[
-
-

e
"

.w_ E
L] 1(.1-. e Qe

> -"‘.'
‘%
W

e

[ggwﬂ%;

"~

B |

. ———



Y
T

;".

[

e

vy

S

‘

£

v

.3.;',

1o - .
R AR LUt P Jh S AL/ ST TSI TF Y PR

»

N>
ol

LN
rity

‘

"

va R

)
AE,
L R M

”

4N D,

t,

3 &IPS

i

R

< w At

e

3

E et

“

i ia

2

PO

.

* W.K. Letbach and H.J Marsteller

was found in an anmal exposed 10 500 ppm. A few mammary adenocarcinomas. one
thabdomyosarcoma and one renal haemangiosarcoma were also seen. From their ex-
periments Holmberg €t al. concluded that a lower exposure over 2 longer psriod may
intensify the cancerogenic response and that an inverted relationship between dose
level and latency time seems to exist in the case of VC}M. as had already been observed
with other carcinogens. Recenty the results of still another animal experiment with
exposure of Wistar rats to 000 ppm. 7 h/day. § days/week. for 52 months was pub-
lished by Feron et al. (19792, b: Fervn and Krpes 1979) in an eventually fmitless at.
tempt to elaborate suitable parameters for eardy detection of VCM-disease in man. Ear-
ly effects were a shortening of blood clotting time and the occurrence of swollen and
malformed hepatocytic mitochondria. At a later stage progessive tubulonephrotic
changes in the kidneys, foci of celular alterstions in the liver with reduced glucose-6-
phosphatase activity in hepatocytes, strong sinusoidal activity of aikaline phosphatase
and increase of smooth endoplasmic reticulum in parenchymal liver cells were observ-
ed. In the final stage greas of necrosis in the liver parenchyma, focal dilatation of sinus-
oids and proliferation of normal and atypical sinusoidal cefls, multicentnc hepatic an-
giosarcoma and Zymbal gland carcinoms occurred. Feron et al. (1979b) also observed
hepatocellular carcinoma in three animals. Susprisingly . the induction of very malig-
nant metastasizing carcinomas of the nasal cavity originating from the olfactory epi-
thelium and Bowman’s gland was noted, which had not been reported before in con.
nection with VOM. Marked hepatic fibrosis was only seen within fully developed an-
giosarcoma or as 3 reaction to extensive necrosis of the hepatic parenchyma. The in-
vestigators were of the opinion that hepatic parenchymal changes preceded those of
the hepatic stroma, but they stressed the fact that the true relationship between VCM-
induced alterations of hepatocytes and sinusoidal cells has yet to be elucidated.

34 Toxicodynamics

Prior to 1974 very little information was available about the fate and the toxicody-
namics of VCM in the mammalian organism. but the discovery of VCM-induced angio-
sarcoma of the liver in humans and experimental animals provaked a targe number of
studies which resulted in a flood of publications on the metabolism of VCM.

In 1934 Schamann reported that in mammals unchanged VCM was excretad via
the lungs after inhalational administration; the pulmonary route is the-main excretory
routs of aoametabolized VCM (Green and Hariway 1975). Blocking of nonprotein
sulphydry| groups in the blood of vinyl chlotide operatives, less pronounced after dis-
continuous contact, was observed as early ss 1964 by Gedor et al. and indicated deple-
tion of the glutathions pool, which has since also been found in sxposed rats (Hefacr
#1 al. 1975a). Hepatic glutsthione plays a fundamental role in protecting tissues againist
attack by alkylsting agents. The appearance of moaochloroscetic acid in the urine of
workess expomd to YOM was reported in 1966 by Geigorescu and Tobe, indicating
that a polar excretable metabolite of VCM had been formed (Vainio 1978).

Toxicodynamic studies have revealed that VM per se bs mor the ultimate toxin or
carcinogenic. It &s the process of biotransformation (metabolic sctivarion) of VOM,
primarily by hepatic microsomal enzymes (mixed function oxidases) that yields short-
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lived but highiy regetire 2ikyvianng intermediates which are responsible tor the toxic.
mutagenic and oncogenic effects. VCM is metabolized rapidly to polar nonvolatile ex-
cretadle products (Hesmer et al. 19753: var Dunren 1978 Radwan and Henschicr
1978). The 1oxicity of VCM seems to be largaly determincd by the ratio of the rela-
tive velocities of both biotransformation of the compound and protective detoxifica-
tion of its reactive intermediates (Jfenscider 1977a). The capacity for metabolic elimi-
nauon of VCM in rats is saturable 3t an atmosphenc concantration of 200-250 ppm.
$0 that above this concentraton VCM 15 meraboiized at a constant maximal velosity
folicwing 3 zero-order kineuc, whereas velow 200250 ppni 1t 15 metabolized 1o ac-
cordance with firstorder rate kinetics (Hefner et al. 19753: Bolr et 21. 1977).

34.1 Uptake and Distribution

Puimonary uprake of VCM from the atmosphere depends on the rate of its metaboiism
in the animal’s organism. The atmospheric concentration of the compound equilibrates
with the poul of unmetabolized VCM distributed in the animal ‘s tissues, as has been
shown by compiete inhibition of microsomal oxidative metabc lism (Bolr et al. 19772).
Bolt eval. (19772) also concluded thar lipids or lipeproteins, rather than proteins such
as albumin. are the vehicles that transport VCM in the blood and from which the com-
pound goes into the adipose tissue or is tzken up by the liver for metabolic conversion.
After oral ingestion and absorption from the gastrointestinal tract, a ‘first puss effect’
has to be considered, but an increasingly substantial percentage of unmetabolized VCM
is excreted viz the lungs in direct reistion to the doee administered (Wamnabe et al.
1976c). This confirms the finding that VCM merabolism is 3 dose-dependent and satur-
able process. Pulmonary elimination of over 925 within 4 h of ;. dose of 300 mg.kz
body wt. administered orally to rats was aiso reported by Feron et al. (1975) in an in-
vestigation of the subacute toxicity of VCM incorporated in soya beanoil and fed by
gavage in doses of 30. 100 and 300 mg/kg daily . 6 days/week. for 13 weeks. Thev
found 2 significant increase in liver-to-body weight ratio and hypertrophy of the gndo-
plismic reticuium of hepatocytes as indications of 3 toxic effect at the highest dose
but only minimal histological changes in the liver. In 2 second experiment. they fed
rau on 3 diet contining PYC powder with a high monomet content and observed that
almost all the VCM was reieased from the PVC powder during passage through the in-
testinal tract, but oaly about 10 mg VCM/kg body wi. per day could be administered
in this way.

Percutaneous absorption was srudied by Hefer et al. (1975b) in male Rhesus mon-
keys following whole-body exposure (head exciuded) to coacantrations of 7000 and
800 ppen of *“Cdabelled VICM for 2-2.5 h. The quantity sbsorbed via the incact skin
was negligible (0.025v—0 03%) and mom of it was expired.

Studles of the distribution of [1.2-'*CJdabsiled VCM in the body clesrly revealed
that the liver (predominant site of metabolism) and the kidneys (site of excretion of
polar metabolites) conmin the highest concentrations of **C activity, followsd by
sploen. jungs snd small intestine (Wrszabe ot al. 1976c; Bokr et al. 19764, b). Liver,
icdneys, spioen, Jung and smail imsesting (in this order) siso contain the largest amounts
of irrevarsibly prowin-bound metabolites (Bolr et o). 1976s). Only minor amouncs of
inveversibly bound metsbolites of VCM were found in muscie, adipose tissue and brain.
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Total radioactivity 48 h afier a single exposure decressed considerably in these organs.
in accordance with the relatively rapid metabolization of VCM and excretion of its
polar metabolites. In contrast, the amount of irreversibly protein-bound radicactivity
remained constant during this time. Buchter et al. (1977) also showed that unmetab-
olized VCM possesses a great affinity for adipose tissue, in contrast to its metabolites.
which are concentrated primarily in liver and kidneys.

34.2 Metabolism

34.2.1 Relarion berween Chernical Srrucnuere, Reectivity and Mutaeenic or
Carcinogenic Effect

Before discussing the metabolic psthways of YCM (monochioroethyiene) and its pre-
sumptive toxi¢ intermediates two features of the chemical structure of this compound
should be meatior.ed. Vinyl chloride is a monrohalogenared ethylene and its chlorine
substitution is 2sysmerric. Chlorination of atkenes (oclefinic compounds), in general,
tends 1o stabilize the double bond by exerting an electron withdrawal effect on the
carbon atom involved. Thus, the chemical reactivity of alkenes decreases with increas-
ing degree of chlorine substitution, as was shown in 1968 by Williamson and Creranovi¢
for reaction rates with ozone. Vinyl chloride, as 3 monohalogenated alkene, is the least
stable compound with the highest reaction rate in the series of chlorinated ethylenes
and ranks next to unsubstituted ethylene.

Secondly. the first step in the oxidative metabolism of all chiorinated alkenes is a
transformation 10 :poxides (oxiranes) which are short-ived, highly reactive electro-
philic intermediate s (Bonse et al. 1975 Henscller 1977b). Such chiorinated epoxides
may react, by alky.ation, with essential ceilular constituents, 3 mechanism which
Rannug et al. (1973), Barrsch et al. (19752, b) and Malaveille et al. (1975) cisimed to
be responsibie for the carcinogenic and mutagenic effects of VCM and vinylidene
chioride. Epoxides resulting {rom biotransformation of esymmemically substituted
ethylenes, such ss VCM, vinylidene chloride and trichloroethylene, seem to be particu-
larly unstadble with increased electrophilicity and thus enhanced alkylating effect.
Their mutagenicity and, inversely, the nonmutagenicity of oxiranes of symmetrically
chiorinesubstituted ethylenes was indicated by the studies of Greim et al, (1975,
1977).

3.4.2.2 Metabolic Pathways

From 1974 onwards the fste of VCM has been studied extensively in vitro with rat
liver mictosomes in the presence of @ NADPH-generating system (Kappus et al. 1975,
1976; Barrsch st al. 1975b, 1976 ; Maleveille ot al. 1975 Bokt a1 al. 1976a; Pessayre

et al. 1979), with the aid of isolsted perfused liver preparations (Radwan and Hensch-

fer 1975 ; Bonse ¢t al. 1975 ; Radwen 1977 Henschler 1977s) and in vivo (Hefner 1 al.
1978a; Memanabe ot al. 1976d, 19783, b; Bolr et al. 19772, b) in both control animals
and animals pretreated with variows types of enzyme-inducing and enzymesinhiditing
substances.

Present biochemical knowledge strongly suggests that the first step of the predo-
minant metabolic pathway is the oxidation of the doublebond of VCM by the hepatic
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microsomal mixed-function oxidase system. fomung cirloreriivlenc oxide, a chemical-
Iy highly reactive epoxide (Fig. 1) A negligibie amount of VCM can be metabolized
via the formation of peroxides. very unstable compounds decomposing rapily to car-
bon monoxide. HCI and formaldehyde which, however. do not seem to play any ap-
preciable role in the toxicity of YOM (Henschier 19779). It has 3iso been shown that
in vitrd an 3rurical superoxide (O7) generating svstem can replace rat liver microsomal
s¥stems and transiomm VCM to the active intermediate (Kappus e al. 1975, Boir et al,
1978a). The spoxide rearranges spontaneous!y to chloroacetaldehy e, winch is rapidly
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Fig. 1. Metabolic pathways. Adapted from Henschler (19775) e

me tabolized to monochioroacetic acid. Both chloroacetaldehyde and monochioro- -
acetic acid are also metabolites which are chemically reactive but less potent than chlo- s,
roethyiens oxide. All three intermediates can be dstoxified by conjugation with non- -

protein suiphydryl compounds (ghutathione, cysieine) as described by Green and Hath- B
war (1977). Sulphur-containing excretabls meubolitss such a3 S-hydroxyethyicysteine 7
(Nomperh &1 al_ 1976). N-acetyl-${(2 chioto)«thyicysteine (Green and Hatiowey 1975), 1

S<arboxymethyicyneine (Weranabe et al. 1976a), and thiodiglyculic acid {thiodiacetic o
acxd) (Henscier 1977s; Miiller et al. 1976. 1978 Aiiller and Norpoth 1975) have been
identified in the udne of sxposed workers and animals. A progressive depression of’ the B
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level of hepatic nonprotein suiphydryl content has been observed in rats atter expo-
sure 1o VCM in concentrations from 150 10 2000 ppm for 27 h. No Jepression was
secn after 10 ppm and a concentration of 50 ppm caused only an inconsistent reduc-
tion (Waranabe et al. 1976b). Protein-bound hepatic sulphydryl content remained |
unaffected. Hepatic microsumal cytochrome P, 0. the coenzyme of microsomal mono-
oxigenases. also decreases linearly with time in animals exposcd to VOM (Revnolls e
al. 1975b). This destruction of cytochrome P, 5o may prevent further metabolism and
toxucity of VOM (Pessayre et al. 1979).

Another mode of deactivation of the primary reactive intermediate. the epoxide, is
its transformation to the inactive dihydrodiol by the inducible microsomal enzyme
epoxide hydrase.

The reactive metabolite of VCM, chicroethylene oxide, is a powerful alkylating
agent which covalently binds to various cellular macromolecules, notably vital protewns
and nucleic acids. By binding to cellular DNA and RNA or critical proteins the metab-
olite may alter vital functions and the genetic information of the cell and thus exert 1ts
hepatotoxic, mulagenic and carcinogenic ¢ffect. Eventually, however, the only fraction
of the formed epoxide that binds to macromoiecules is the one that is not detoxified
by protective scavenging mechanisms such as conjugation with cytosolic glutathione ot
inactivation by epoxide hydrase. Simuitaneous presence of other xenobiotics which
have 10 be detoxified will impair the effectiveness of the deroxification mechanisms. In
assessing the risk of exposure to VCM, Henschiler (19772) concluded that there might
be 3 greater risk in intermuttent peak exposures over brief periods than might be ex.
pected from simple integration over time and that the chances for etfective detoxifica-
tion are greater in long-term exposure ta relatively low levels.

1t was shown by Watanabe et al. (£9783) that repeated exposures of rats to VCM
do not appear to induce its biotransformation, but significantly sugment the binding
of the reactive metabolite with hepatic macromolecuies and may rhus enhance the po-
tential toxicity of VCM. On single exposures of rats ta increasing concentsations of
labelled VCM ranging from 1 ppm to S000 ppm, the amount of radioactivity covalent-
ly bound to hepatic macromolecules did not increase proportionately to the increaw
in concentration but followed a sigmoid curve with low and high inflection points be-
low SO ppm and sbove 250 ppm, respactively, when binding was plotted as s function
of the log of the exposure concentration (Warenabe et al. 1978b). This correlates well
with Malroni’s report (1975) of a linear percentage induction of hepatic angiosarcoma
in rats between SO ppm and SO0 ppm when expressed as the log of the exposiure con-
eentration.

Meuabolites of VCM can alkylate nucheic acids. 2 commonly sccepted mechanism
for carcinogenesis. Covalent binding to the adencsine (Barbin ¢t al. 1975 ; Laéd and

Bolt 1977), cyridine (Laid and Bolt 1978), and guanine moiety of nucleic scids (Osier-

menn-Golkar at al. 1977) has been described. But the degree of covalent binding of
ekectrophilic metabolites of labelled VCM to hepatic nucleic acids seems 10 be very
amall (Wetsnsbe ¢t al. 1978b; Laib and Bolt 1977). Leid snd Bolt (1977) presented
svidencs showing that the alkylating powncy of VCM metabolites cannot be deter-
mined solely by measuring the incorporation of label into nucleic acids after exposure
to radicactive VCM. Watanabe ¢t al. (1978b) concluded that covalent binding to

aucieic acids is not the preferential reaction, but they pointed out that this does not
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exclude the possitility of other. more subtie interactions which may impair the control
of cellular replication. Alkylation of nuckeis acids. however. cannut at present be ex-
cluded as the mechanism for VCM-nduced carcinogenesis after repested expnsure and.
above all. in the targst cells rather than the iepatocytes.

This aspect carnies on to an unresolved problem on which future experimental
wark will have 10 focus. Although the site of tormation of the active metabolite is the
endoplasmic reticulum of the hepatocyte. the liver cell wseif is not particulasly suscep-
tible to VCManduced oxscity. Acute hepatocellular injury hus not been vbserved mor-
phologically after exposure to VCM unless pretreatment with potent inducers of the
muxed function oxidase systemn had preceded the exposure:in pretreated rats centro-
lobuiar. midzonal and paniobular hepatocellulsr vacuclization and even necrosis was
found (Jaeper et al. 1974, 1975, 1977.Reynolds et al. 19753, 1976 Conntlr et al.
1978). Secondly, the site of carcinogenicity in the liver is not the hepatocyte but the
endothelial cell of the hepatic sinuses.

At present it can only be speculated which of the following four most likely pro-
cesses are effective. either singiy or in conjunction: (1) The active merabolite leaves
the hepatocy te and is conveyed to the endothelial cell. (2) The endothelium itself has
some metabolic capacity (Solr 1978). as may tissues of organs other than the liver.

{3) Mechanisms for the detoxification of the active metabolite(s} are insufficient in
tissues other than the hepatocytes. (4) Repair mechanisms for the correction of aber-
rant coil replication are less effective than they are in the hepatocyte ( Waranabe ¢t al.
1978b). .

An equally puzziing probiem is the role of VCM in the pathogenesis of the distal
nunnevplastic vascular lesions which are responsible for the development of the triad.
Rayvnaud’s phenomenon. sclerodermoid skin indurations and acroosteoivsis. This syn-
drome was the earliest indication of advesse effects of chronic exposure to VOM in
man. Besides. its latency peniod was considerably shorter than aither the nonmalignant
liver lesions or angiosarcoma of the lver. Whereas it is now established that hepatic
bioactivation of VCM plays the central part in the pathogenesis of both noncirrhotic
portal fibrosis sad angiosaccoma of the liver. jt is not 3t all clear whether the develop-
ment of the acral lesions is due to VCM icself or to active metabolites which may exent
1 direct or indirect toxic action on {(3) medullary vasomotor ceatres, (b) the sympathe-
tic nervous system. (¢) smooth muscle cells of the media of anteriotes, (d) endothelial
lining cells of snall arteries (with fibroblast transformation and endothetial prolifera-
tion) or whether (¢) the sction is mediated by the formation of immune complexes.

4 Clinical Spectrum

Dusiag the mid-1950¢ it began 0 emesge that chronic occupational exposurs to VCM
might prove to be aot quite as harmiest a3 had been claimed. The historical synopsis

presented in Table 7 sumenacizes those clinical studies from the world fiterature that

mmarked the geadual recognition of the full spectrum of damage due to this new occu-
petional hazard.
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Table 7. Gradual emergence of evidence for VCM-associated pathology
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Trbukl et al.
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Fiatove and Gronsderg
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Danziger

Smimora

Suciw et al.

Cordier et al.

Harris and Adams

Benoit
Wilion et al.

Antornyuzhenko
Dinmen st al.

Dodson st al.

Kramer and Mutschler

Hepatunegaly . more or fess mgrked ‘anicteny
hiepatitis’, ‘chroniv pastntis™, hypotensing,
anacmia. skin lesions

Toxic angoOneurosis
Toxic anponeurosis
Symptoms similar to Rzynaud’s phznomenon

Two cases of accidental fatal poasemung by VCM.
1 nenfatal scute overexposure

Reversible svacaly lic lesions of distal phatanges.
Perudocltibing., thickening of skin on volar
sl of {orenoms. siight haswmeoly $is and reticuio-
LYTOME

TNI - prenarcotic sympioms (dizziness, euphoria,
sommolence). nervousness, insonta, blunting
of memory, general asthenia. headache

¥ascutnr. Raynaud’s syndrane

Dermarol.; pruritus, reversible scherodermalike
skin issluration.chemical and aflexgic dermatitis

Digest. yymproms. Enorexia, nauseh, fuliness.
hepatamegaly without hyperbilirdibinaemia,
spisnomeg’'y

Endocrine: Zypatiayroidism

Raynaud’s syndrome. sclerodenmalike <Kin
CAaages. scroosteolysis pmudociubbing. joint
wam, tiredness. sieep rewerd. 2 episodes of
acute overexposure {loss of consciousness)

Actoosteolysis, skin tesions. Raynaull's phenon-
enon pcudociebbing, involvement of wacroiliac
joinmand patelia. hepatomegaly with persistent-
ty raised serum bdilirubin. Skin diopry

Arteriography. Skin and bone biopsy

‘Occupationsl acroosteolysis” with Raynaud’s
symptoms, sciercdermalike siim changes.
pmudociubbing

Mentions thrombocytopenia

Prevaiznce of acrocsteolysis and Raynaud’s
phenomenon

Vascular lesions preceding the bome mibns

Increased BSP retention and raised icterus index
rutated to degree of exposure
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Vinyl Chisride-Ascoviated Disease

Table % (continued)

Year Reference Findings

Progressive thickening ot hands and forearms.
arthnlgs. Blanching upon exposure Lo cold
with cvanonis of hands gccompanied by sever:
zain. Skin biopsy

1972 Markawerz et o

1972 Jihe and Lange 1+¢ German repaet of T workers with sqizrodermy-
like skin lesons. Raynaud’s syadrome. and
acroosteolysis. Tests showed abnormal livern
2. ucslusion of digiral artenes in | worker

1873 Marseeiler et al. Noncirrhotic portal fibrosis with portai hyper-

rensiun and splenomegaly

1974a) Creech eral, 4 cases of angiosarcoma of the liver

4.1 The Triad: Raynaud's Phenomenon. Pseudoscieradernna and Acroosteoiysis

A first indication of adverse effects due to chronic VCM exposure arose in workers at a
plant produang VCM who presented with symptoms similar to Raynaud’s phenome-
fion (‘toxic angioneurosis’). This was reported by Smirtorg in 1954 and later described
in detail in her thesis {1959). The syndrome was found predominandy in laboratory
personuel who had intermittently been exposed to high concentrations of VCM during
hourly sampiing for chemical analysis (purity of the product). In 1953 Raynaud's syn-
drome was aiso obssrved among several workers at 3 Japanese PVC producing plant
(Kubore 1957). Apart from a painful vatospastic disorder of the hands. impaired ther-

moregulation, acrocysnosis, positive cold test. capillaroscopic alterstions, parsesthesias.

and CNS symptoms such as headache, blunting of memory and deep reversal, Smémora
(1954) slsc mendoned swelling of fingers and developmen: of circumscribed skin in-
durations on the volar side of the forearms in those most severely affected. In addicion.
thers was evidence of mild haemolysis (bordertine ansemia. decreased osmotic fragility
of red calls, urobilinuria, and reticujocytosis). In 1961 Smirtore described i
evidence of destructive bone lesions of terminal phalanges in the hands identical with
acroosteolysis in theee workers 2t 3 PVCproducing plant (one fitter. two centrifuge
operators) after exposure for 3-9 ysan. Since these bone lesions developed in ¢oa-
junction with “toxic angioneurosis’ and since compiete recalcification of the defects
was found in two warkens 3 yeary after removal from sxposure, Smirmove believed the
lesions to be charscteristic of chroaic YCM intoxication. She pointed out that their

" reversible charscter might serve to distinguish the lesions from similar defects seen in

vibration traums. In retrospect, Smirnove’s obsecvations are the sarliest descriptions of

 the full fsngh of symptoms which much later became knowa s ‘the syndrome of oc-
, cupational acroostsatysis'.

" In 1963 Sucik et al. (ase also 1967 and 1975) published the {irst comprehensive
amalysis of their observation of a maultiform symptomatology in subactus and chronic
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K W.K. Letbach and H . Marseeiler

VCM intoxication. During a 4-year period, they examined 168 mostly young workers
from two Rumanian PVC-producing plants who had not previously been entployed in
other industries. In their classic paper, the authors described in detail the various cen-
tral nesvous, digestive. angioneurotic and cutaicous sympioms (listed here in their
order of manifestation). Acroosteoiysis, however, was not mentioned. Episodes of
acute overexposure (usually occurring at the ¢nd of a batch run. during retnieval of
unreacied monomer. or at repair jobs) rapidiy resuited in 3 state of light-headedness
and transient euphona similar to a mild degree of inebriety and were accompanied by
2 feeling of heaviness in the legs and disturbed locomotor coordination. Several workers
<laimed to have been able to identify escaping monomer by its faint but agrecabie
odour. Apparently during periods of particufariy high ambient concentrations, workrs
repeatedly noticed formication in the lower limbs and a general feeling of bodily
warmth. Six subjects had experienced loss of consciousness when repairing leakages.
but recovered rapidly after being carried out into the open air. After a few months of
work, unusual fatigne and sleepiness set in, there were complaints about persistent
somnolence, even outside the work premises. and 3 tendency to fall asleep at the work
place, particularly during night-shifu. In addition, headache, dizziness. irntabilicy,
blunting of memory . paraesthesias, and general weakness were reported: some workers
noticed insomeia or sleep reversal.

A reappraisal of these noaspecific complaints (see also Vale et al. 1976) 6 years
later, after improvemnent in industrial hygiene, revealed that the frequency of their oc-
currence had considerably decreased (Suciu et al. 1975). Following a prolonged period
of repeated overexposure, vague nonspecific digestive symptoms also developed. such
as anorexia with ensuing weight loss. nausea, fullness, upper abdominal dissomfort,
bloating and epigastric pains. Enlargement of the liver was found in $1 worl .ers (3070):
in 67 there was also splenomegaly. Classic Raynaud's phenomenon was fou 1d in 6%,
but a tenfold higher percentage of the toral work force showed evidence of vasospastic
alterations on plethysmography (Raucher et al., cited by Suciie et al. 1975). Pruritus
of the hands, forearms and face was an early complaint followed later by what was
theought to be (allergic?) ‘contact dermatitis’: finally, nodular and scleroderma- or
scleroedemadike cutaneous lesions developed in some workery, involving the dorsal
surface of the hands, the volar side of wrists and forearms and the face, with tirm
thickening of subcutaneous tissue or formation of whitish papular or slightly elevated
plaquelike indurations. The cutaneous manifestations iargely disyppeared after removal
from the work place. In addition, mention was made of features of hypothyroidism in
a few workers. Also, transient loss of libido in 23% was recorded. with return to nor-
aal after 3 break from work or during holidays.

With the exception of acroosteolysis and the two most alarming late sequelae —
noncirthotic portsl hypertension and hepetic sngiosarcoma — Sucis’s early documen-
tation of the prevalence of disease in PVC production workers encompassed 3 com-
pantively complets description of tha various aspects of chronic VCM intoxication.
Later publications supplemented the spectrum of knowledge mainly by providing ad-
ditional information on epidemioclogical, roentgenalogical, thermograpitic, angiograph-
ic, and histomorphological aspects of the lesions eacountered in subjects chronically
expased to VCOM. : )
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The discovery of unusual osteolytic detects in the disal phalanges of the hands of
two Belgian sutoclave cleaners who had sutfered from Raynaud's phenomenon and un-
classiftable degencrauve fesions of the dermai connective tissue (Conlicr et 3l. 1966)
marked the rezognizion of this new occupational disease n the Western World. The
syndrome wis termed “ocsupational acrovstenlyas’ IOAQL). and duning the following
y23r J number of additional cases were reported ttom France. Great Batam and the
United Srates. Lasar Leyérre (1972) who toxether with Cordier descnibed the tirst two
cases o OAOL. reponed ihat a subsequent Investgation reveaied another *en cases 1n
the various plants ytiiiated to the same corporation in Span. kaiy and Brazil. By the
end of 1979, 3 total number of 126 cases had been published in detail (Table 8). The
vascular phenomena preceding or accompanying OAOL comprise a broader range of
symptoms than those characteristic of Raynaud's syndrome. The conditions seems 10
begin with ill-defined pains in fingers. wrists and also large joints (shoulders, knees):
the fingers ar¢ numb and tingting. tender un paipation, handgrip and tapping finger
tips un harc surraces 1s painiul; there is tnereasing sensitzvity of the hands and fingers
to cold accompanied by a tendency te cyanotic discolouration, In some cases, the toes
are likewise affected. Later, classic Raynaud’'s phenomenon develops (sudden appear-
ance of painful, sharply demarcated blanching) and. concomitant with the onset of
ostevlytc processes. there is a shortening and broadening of the terminal phalange
with striation of nais (pseudodubbing).

Table 8. Publications on ‘Occupatonal Acroosteolysis’ since 1966

Yedar Country Number Authors
af cuses
196 Belgium 2 Cordi. r ¢t 2i,
1967 France - Benoii; Chgtelgin and Motdlun
1967 France s Bourrichon (cited by Marit et al. 1967)
1967 United Kingdom 2 Harrig and Adams
1967 Usa 3 Wilson et 3l.
1969 Rumania - Anghelescu et al.
1965 Yugoslavia s Kovel et al.
971 USA 31 Dinman et ai.
1972 USA 2 Markowiez et al.
1972/1973  Fed_ Republicof 6 Jiéhe and Veitman: Stein et 3). 12, b)
Germany
1973 Japan 1 Tekeuehi and Mabuchi 2
1973 France 4 Moulin et al.
1974 Usa 1 Trapp et al.
1975 UsSA + Litis et al.
1978 United Kingdom | Stewerr ¢t al.
1976 United Kingdom 4 Preston et ai.: Welker; Allecheil Johnsron
(1978)
197 Brazil ] Game and Meire
1979 lsrael 2 * Hehn et al.
126

1 One or 2 clear cases, in addition. 48 suspected cases (see Sekade 1975)
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- “,i‘“:, 4.1.1 Familia} and Idiopathic Acroosieolysis exclusively v
S oniy 25 clea
Y Acroosteolysis is a very rare disease. The actiology and pathogenesis of this condition defined as ct-
_- [ is still obscure. Osteolytic bone changes in late stages of so<called Raynaud's disease enon; 18 of -
.’;g\? {accompanied by necrosis and gangrene), characteristically presenting as loss of part or with experic

' AR of an entire distal phalanx of one or more fingers and also of toes, have been mention- drome were
< };}{_; ed in the literature since 1921 (dspnann 1921 Monaiian 1926: Borak 1927: Komblum jobs. both re
ip%l 1929). Komblum attributed the lytic bone defects 1o vascular abnormalities and noted (1 case per 7
ig‘ ¥ that he had found identical lesions in early stages of scleroderma and in leprosy. The appeared not
<< term acroosteolysis was first introduced by Laroche and Hochfeld (1948), who held a was detected
25 neuroendocrine syndrome responsible for the lesions. Independently Harnasch (1949) use for react.
reported another case of symmetrical idiopathic acroosteolysis, particularly involving entry into th

the terminal phalanges of the fingers with preservation of tufts, progressive clubbing
and shortening, and ili-defined symptoms of disturbed peripheral circulation. By 1952
Giacei mentioned that 68 cases of the familial type of acroosteolysis and 33 cases of
the nonfamilial, idiopathic form had been reported in the medical literature. He added
another five cases, but his case reports pertain almost exclusively to mutilating proces-
ses involving only the feet, with recurrent ulceration and discharge of bone fragments

Table 9. Pre.

(see also Harms 1954). In 1957 Liévre and Gama listed 16 observations of idiopathic f
acroosteolysis and commented extensively upon these lesions: the whole range of dif- Country }
ferential diagnosis (various congenital, neurogenic and endocrine osteolytic diseases.
leprosy, arthritis mutilans, progressive systemic sclerosis, ainhum etc.) was considered France
in their study and could be rejected with reasonable certainty. In a later review. — SA ?
Cheney (1965), who added another four cases of the familial type, stated that this r_ﬁ K";:;‘;om
variety and the nonfamilial idiopathic type may actually belong to the same disease — ‘ed.Rep. 1
entity and may be part of a degenerative bone process more generalized than the term ®? Germany
implies. Jt was the puzzling character and the rarity of this peculiar bone lesion that oo United i
captured the attention of site medical personnel and industrial hygienists when in 1 _Kingdom
November 1963 the condition was detected in two Belgian autoclave clcancrs (Lefévre Total -
1972).
. More con:
4.12 Epidemiology of Occupational Acroosteolysis . related symp:
Langeand i,
Attemnpts at assessing the prevaience of OAQL among personnel involved in VOM ological chec}
manufacture and polymerization revealed that in general this occupational type of pathological :
osteolytic bone lesion was found in only 1%—-3% of the work populstion at risk. were affected
g Hubler et al. (1977) considered the fact that only 3% of all workers who had been cold, 15 work
25 engaged in manual clesning of sutociaves at a Belgian plant suffered from OAOL and morbidity wa-
5 oy Raynaud’s phenomenon to be indicative of the importance of individual factors. found classic '
Ll Wiison et al. (1967) observed 31 cases amoag 3000 smployees of one large company. aumbness an.i
R In 1971 Dinman et al. conducted a survey in 32 plants belonging to 19 corporstions 8.7% and inve
throughout the United States and Canada. The details of this elaborate epidemiologi- Allen test inJ
cal study, comprising a totsl of 5011 employess, fllustrates the difficulties and limita- people with p
J tions encountered in a retrospective study of this dimension. All of these 50} | workers peeudochubbit
had been engaged in various stages of VCM and PVC manufactusing. but 1257 of them finding that t!

were workers who only handled finished PVC polvmer. Five of the 32 plants worked

duration of p.
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exclusively with the finished PV'C-derived consumer products. Dirmnan et al. found
valy 23 clear-cut eases of OAOL among the 5011 employees (mean age: 35.5 years).
defined a5 characteristic X-rav film abnormalities combined with Raynaud's phenom-
en0n; |8 of them had besn reactor cleancrs at some time: ancther 16 individuals (10
with experience in reactor cleaning) with early stages or minsmal Jegrees of the syn-
drome were suspected of suffering from OAOL. it emerged that the two iowest-paid
Jobs. both reactor cleaning and bagging packing, had 2 strong associarion with OAQL
11 case per 72, or 86 workers at risk. respectively ). Manipulation of the finished polvmer
appeared not 1o be auociated with a risk of cantrastiag OAOL. Oniv 1 case of OAQL
was detected in those plants where high-pressure water lances or solvents had been in
use for reactor cleaning. Furtharmore, it seemed that the extent of degassing prior to
entry into the autoclaves correlated with the maaifestation of the disease.

Table 9. Prevaience of acral disease in VCM-exposed populanoas

Number of cases
Size of Classica! Severe Sciero.
group Ravaaud’ sensitivity dermoid
Country  3tnsk OAOL  phenomenon tocold skin lesions References
France 130§ 12 15 s Benoir 1967
LSA 35+ 3 20 63 23 Liliset 31.1975
United 37 1 s 8 4 Watker 1976
Kingdonm
Fed. Rep. 100 4 9 33 10 Lange and
Gemiany Veltmgn 1977
United 104 1 s - t Maricg et 2.
Kingdom 1978
Total 728 W(NVITY THUAROTE LN 16T 4H~6%)

More commonly sesn thar OADL were Raynaud's phenpmenon {see Table 9) and
selated sympronys of abnormal peripheral circulation (Benoir 1967; Lifis et al. 1975;
Lange and Veitman 1977). Benoir painred out that a compiste medical and rosntgen
ological check-up of 3l 528 employwes at s French PVC.producing plant revealed
pathological manifeststions only among the group of 130 reactor cleaners of whom 32
were affected (OAOL, 5: Raynaud's phenomenon without OAOL, 12; sensitivity to
cold, 15 workers). He stressed the fact that in this group of workers at risk the overal]
mocbidity was atmogt 25%. Simsiiar results were obtsined by Lifls et al. (1975), who
found classic Raynsud’s paesomenon in S.6% of 354 heevlly exposed PVC workens,
numbness and tingling in 24%, excensive saaitivity to cold in 18%, peeudociubibing in
3.7% and involvemeat of the toes in 7%. Desides, in 26.6% of the total an sbnormal
Allan tast indicawd impaired pesiphersl arrerisl circuladon. It was noted that in some
people with pest exposure Raynaud’s phenomenca had gradually faded, whereas
paeudociubbing peaisted or even progresed. Most important, however, wax Lilis”
finding that the prevalence of all thase abnormalities increased significantdy with the
duration of past expomre to VCM.
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Occupational acroosteolysis is a condition predominantly observed in younger
workers. The age range was 20-45 years and half of all cases reported iell in the 30-39
yean age group. Duration of VCM exposure prior to onset of Raynaud’s phenomenon
ranged from | to 23 months (Dodson ct al. 1971). For OAOL the latency period was
at least 12 months (Wilson et al. 1967): in most cases, OAOL developed insidiously
within 2 to 4 —6 years. There is at least one patient on record in whom OAOL was first
discovered two years after termination of exposure (8Bencit 1967). Longitudinal studies
of the bone lesions demonstrated partial or compiete but mostly detective restitution.
resulting in shortened and deformed distal phalanges. within 2—3 vears after removal
from VCM exposure, but Raynaud's phenomenon and cutaneous lesions may persist
(Williams and McLachian 1976). Stein et al. (1973a, b) reported partial healing with
restitution of tufts but progressive lysis of the proxims! portion of terminal phalanges
3 years after termination of exposure.

Although OAQL developed predominandy in PVC production workers who had at
least for some tirmm been engaged in reactor cleaning, the syndrome has aiso been ob-
served in associstion with other job assignments which were believed to carry a sub-
stantiaily lower risk of exposure. Trapp et al. (1974) reported a 31-year-0ld white male

“suffering from Raynaud’s phenomenon, clubbing of the fingers and typical bilateral

acroosteolysis, in whom specific inquiry revealed that his employment by an industrial
chemical company had included daily handling of small concentrations of vinyl chlo-
ride (no details given). Typical OAOL was also observed in a worker after 6 years' em-
plovyment as spray dryer/bagger, pre«nix operator, recovery and charging operator who
had never cleaned autoclave vats (Srewarr et al. 1975). According to routine plant
monitoding of VCM levels in the past and as measured in 1973 by gas chromatography
of grab samples, his average exposure had been within the threshold limit values of
the day (200 ppm). Radiographs taken ia 1966 at the end of his first year during an
earlier survey of OAOL were normal;in 1972 he presented with Raynaud's phenom-
enon, pseudoclubbing, typical OAOL and dermal thickening of hands and wrists. Ar-
teriography demonstrated narrowing of most digital arteries, even in fingers without
bone defects. and abaormal collections of small vessels in the pulps of deformed
finger tips, but no vascuiar occlusion.

Apart from the chemical insult by inhalational {rather than transdermal - Dinman
etal. 1971 ;Stewart et al. 1975) exposure to VCM, individual susceptibility or idio-
synctasy appears to have played some (undefined) role in the development of the syn.
drome. [t does not seem likely, however, that repeated physical microtrauma during
cleaning operations (removal of polymer crusts by hand scraping or chiselling) was a
decisive factor in the pathogenesis of the condition a3 had been speculated by Wilson
et al. (1967).

4.13 Clinical and Roentgenologital Features

4.1.3.1 Occupetionsl Acroosteolysis

hmmdq'ofﬂmuummmmndwmm.mmmof
the feet was observed only rarely in OAOL. Wilson et al. (1967) betieve that OAOL
differs from familial or idiopsthic acroosteolysis in several respects. Although the bone
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defzcts in the distal phalanges are stmilar in both conditions. uther features. guch as
osteoporotic compression fractures o) the spine. basilar impression fractuse of the
skull. destruction of mid-phalanges or osteosclerotic changes of wrists and hand bones.
shortening of metacarpals and conical thickening of the shaits of long bones se2n in the
nonoccupational tv pe have never been found 1n QAOL. Wilson et al. worked out roent-
genological cntena {or the diagnosis of QAOL:

1) The earlizst changss in OAOL are marginal defects and loss of sortex in rufts of
one or more of the terminal phalanges of the hands.

2} In the next stage this is followed by small ‘half-moon’ cuts in the cortex of the
rufts. or a so-called slice effect slong one or more tufts. .

3) The advanced stage of destruction is characterized by either 2 complete loss of
tufts together with 3 porton of the shaft or there may be transverse or oblique bone
detects (see Fig. 2) cutting off the shafts from the remaining distal rim of the tufts
¢ "bandlike 2acroosteolysis’).

Fig. 2. Occupational scroosieoly sis. Transverse or oblique bone defects ( bandlike
acroosteolysis”) or partial foss of terminal phalanges in all fingers of both hands. (33-
year-old autoctave cleaner: duration of exposure 3 172 yvears)

4) In the healing stage there may be either compiete dony union with shortening
and broadening of the residual parts of the end phalanx or a fibrous uaion of bone
fragmenus. Fingertips remain short and plump with persistent clubbing of soft rissues
and increased lateral and longiradinal curvature of finpertips.

Sadium (vords ** F scintiscan data of affecsd bones suggested that active de-
mineralizstion (tesorptive) and rvmnineralization (reparative) processes may occus si-
smiltanecusly even in the same hand (Dodson et al. 1971). In some cases. bonss of
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vther budy regions were also invoived. Erosive and sclesotic changes in the sacro-iliac
joints and circumscribed resorptive defects (cortical erosions) in patella, clavicic. inan-
dible. humerus, styioid process of ulna. femoral condyles. os caleis, cuneitorm and
metaiarsal bones have repeatcdly been observed (Condicr &t al. 1966 :/furric and Adums
1967. Dodson et al, 1971 Jithe et al. 1974: Lange et al. 19743 Presron et al. 1976.
Javson et al. 1976a; Lange and ['eloman 1977).

4.1.3.2 Pseudoscleroderma

Concomitant with the manifestation of paraesthesias, pain, tenderness of the fingers and
Raynaud’s phenomenon, cutaneous lesions similar to stigmata seen in progressive scle-
roderma develop with thickening of the skin of fingers, hands and forearms, sometimes
accompanied by swelling or puffiness and coarsening of the skin of the face (mostly on
the forehead and cheeks). Raised, ivory-coloured, firm aodules or elevated, sharply de-
lineated plaquelike skin jndurations are seen on the dorsal surface of fingers and hands -
and on the volar side of the wrists and Jower forearms. It was this combination of Ray-
naud’s phenomenon and cutaneous lesions which first prompted a search for other
symptoms of progressive systemic sclerosis in affected workers. The syndrome of
OAOL. however, can be clearly distinguished (Table 10). Notably. the diffuse immobil-

Tabie 10. Differential diagnosis: syndrome of occupational acroosteolysis ( Raynaud's
phenomenon, sclerodermoid skin changes, AOL) ,/ progressive scieroderma with (rare)
osteoly tic lestons

Occupational AOL Progressive scieroderma
Sex natin Exclusively s a:v =12
Hands Ciubbing and shortening - Atrophy and tapering off

of finger tips: hyperhidrosis: of fingertips: anhydrosis:

no ulceration ulcerative lesions

Perioral puckering of skin Not observed Common
Skin appendages Preserved Loss of skin appendages
Telangiectases . Notobserved Common
Shortening of frenulum Not observed Early sympiom
Subcutaneous deposits Not observed Common

of calcium saits
Dysphagia ( oesophageal Not observed Common

involvement}
Renal. cardiac and Not observed (Common}

intestinal invoilvement
Occupational history Obligatory -
Prognosis Favourabie (skin and bone Usually spontaneous

lesions tend to heal after progression

removal from exposure}
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izing sclerosis of the skin with tapening off of fingertips was never seen in the occupa-
tonal syndrome. After cessation of exposure the skin lesions seem to regress more
readily than the osteofytic changes. ’

<4.[.4 Histology
< .41 Cutancous Lesions

Several investigators described the histomorphelogy of skin lesions in vinyi cilonde
digease {Cordier et 3l. 1966 Harris and ddams 1967 Marin et 3l. 1967 ; Markowirz et
al. 1972: Lange ez al. 19794: Pelornan et al. 1975, Walker 1976 Halin et al. 1979), but
we found only one description of bone histology in OAOL in the literature (Seroir
1967, Marin et al_ 1967). Skin biopsies showed various degrees of dermal. vascular and
neural changes which were essentially ideatical in patients showing OAOL and in those
who suffered ‘merely’ from Raynaud’s phenomenon.

Dermal changes consisted of Ryperkeratosis and pronounced thickening of the der-
mis with disorientation. swelling and nonfibrillary eosinopnilic homogenization of
broad interdacing collagen bundles. There was some degree of interstitial oedema which
rundy stained metachromatically with toluidine blue, alcian dlue and periodic acid-
Schiff (PAS). An inflammatory reaction with infiltration of lymphocytes and 3 few
Listiocvtes was scanty and, if present at all, of predominantly perivascular distribution.
The most notable feature was marked disorganization, fragmentation and rarefication
of elastic fibres. In areas corresponding to nodular or plaquetike skin indurations. the
full thickness of the dermis consisted of an aceilular, party hyalinized collagenous tis-
sue. Skin appendages were preserved. In 15 spparendy less severely affected workers,
Ivalker (1976) found only some destrustion of eiasuc tissu of the dermis, probably
not exceeding normal age changes:in one worker with seve ¢ Raynaud’s phenomenon
some fibrous thickening of the medis of dermal arterial wa. seen.

Vascudar lesions affected capillaries and small denmal arteries. Numerous dilated
capillaries were seen in the subepidermal papillae with swelling of endachehial celis
and pericapillar oederna. Capillaries of the cutis showed culflike hyperpiasia of peri-
thelial cells with fibroblact transformation. hyalinosis of vessel walls and final oblitera-
tion of iumina. Marked medial thickening of Jermal anterioles. due to hypertrophy of
myocytes. was accompanied by paristal fibrosis and hyalinosis, which ultimately led
to narrowing or even compiete occlusion of the lumen,

Degenerative lesions of small Jermal nerves were mentioned by Freach investigators
(Ben-vit 1967 Marin et al. 1967: Charelain and Motillon 1967). They found sclerosing
hyalinosis of the perineurium with atrophy of aeurofibrils. Tactile corpuscies (Wagner-
Meissner. Pacini) were unaffected.

=.1.4.2 Boue Lesions

The most striking feazure in a biopry specimen of the bone, obtained from a French
workar with OAOL (case & of both Benoir 1967 Mar et al. 1967) was macked thick-
eniag and hyslinization of the periostsum with chondroid metaplasis of the inner-
most layer. Supplying capillacies and arterioles showed occlusive changes identical with
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those observed in the dermis. The bone matrix per se was barely affected. There was
minimal thinning of cortex, normal spougy bone and oaly miid fibrosis of the bone
marrow.

Expetience with histomorpholugy uf boue fesions in the familial and idiopathic
type of acroosteolysis is limited. In the few cases where biopsy material could be ob-
tained, there was replacement of bane by nonspecific fibrous tissue. but inflammatory
and degenerative changes or osteoid furmation were not found {Dpas et al. 1936
Elson and Bumistein 1954: Greenberg and Streer 1957 Seinvarswedder 1957),

In this context, it should be kept in mind that Viols succeeded in reproducing
dermal, vascular, neural and skeletal lesions in the skin of the paws and in small meta-
tarsai bones of experimental animals which were very similar 1o those observed in man.
Viola exposed rats to 30 000 ppm VCM, 4 h/day. § davs/week. for 12 months and de-
scribed the histology of these lesions in detail (1970b).

4.1.5 Arnteriography, Capillatoscopy, Infrared Thermography

Arteriographic evaluation of the vascular tree of the hands revealed patency of the
large arteries in all cases examined. The vascular lesions were almost invariably con-
fined to the small digital arteries. atthough the superf{icil and deep palmar arterial
arch may occasionally show some narrowing and 2 paucity of side-branches (Langc et
al. 19743; Moudin et al. 1974). The most prominent arteriographic {eatures were ir-
regulanties and segmental stenosis of digital arteries. ranging from localized or diffuse

narrowing to subtotal or even total occlusion with development of collateral vessels. % o
Besides. a conspicuous retardstion of flow of contrast medium was noted. and peculiar s
tortuosi-ies of patent digital arteries were found, Circumscribed hypervascularity of gt
the termr inal tufts and in the region of the wrists was noted in some cases (Benoir s :Er
1967: Lange et al. 1974a; Veltman et al. 1975, Presion et al. 1976: Stevare et al. -

1975: Gama and Meira 1978). Angiographic findings in & larger group of 19 symp- e:
tomatic PVC workers with either Raynaud's phenomenon and/ot acroosteolysis (5/19) L
were recently described in detail by Koiscinvies et al. (1980). Raynaud’s phenomenon

had been observed to persist in these patients for prolonged periods aftec termination ' c;;:; :
of exposure and even after roentgenological evidence of healing of resorptive bone ence in 1
defects in thase who had formerly suffered from scroosteolysis. in addition to vary- PVC w.
ing degrees of stenosis or occlusion of digital arteries with reopening of small collat- of distu
eral vessels. acral hypervascularity and considerable retardstion of perfusion in spite inducc..
of premedication with tolazoline (Priscoline. United States). the most conspicuous A si:
features observed in the majority of these patients (14/19) were circumscribed efonga- aPVCp
tions and tortuosities of digital arteries resembling cirsoid aneurysms. An example is chemica’
shown in Fig. 3 of generalized tortuosity and elongation of digital arteries in 3 54- normali
- year-oid patient who started to complain of severe sensitivity to cold 3 vears after was con
SRR cessation of VCM exposure (sbout 1 year prior to death from both angiosarcoma of number
i st the liver and hepatocellular carcinoma). The pathogenesis of these peculiar vascular employ:
AR alterstions is not clear, but the possibility presents itself that they may be due 1o de- related «
by ot struction of elastic {ibres in the vessel walls in analogy tonm:lanltenuomofdwul It alse s
> ) arteries seen in rheumatoid arthrits (Laws et al. 1963, 1967). more s;'l
3o )
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Fig. 3. Conspicunus 10rtioaitics dnd elongatien o1 diginal arternes

Studies of microvascular changes by wide-field capiliary micmscopy (direct obser-
vations complementad by photography) of selected skin sites - such as nail foids,
Sugerpads. dorsum of phalanges and of proximal interphalangeal joints - demonstrat.-
«¢d a variety of capillacy abnormalities, i.2. dilated or giant capillary loops. pale avascu-
lar areas, capillary and subungusl haemorrhages. The abnoanalitics were similar to
those seen in scieroderma but were usually less conspicuous, iess numerous and of dif.
ferent digtributioa. In 3 survey of a group of 152 Amernican PVC workers. these capil-
laroscopic findings proved to be significantly more prevalent thga in 50 nonexposed
control subjects (Vericq ¢t al. 1976). There was also 3 statistically significant differ-
ence in the prevalence of these sbnormalities between symptomatcic and asymptomatic
PVC workens. The alterations were not only found in workers with clinical symptoms
of disturbed acral circulstion but also in 6 nonsymptomaric males with either VOM-
induced angiosarcoma of the liver (2) or splenomegzlic portal hepatic fibrosis (3).

A similar survey was later undertaken in an unselected sampie of 129 empioyees of
3 PVCoroducing chemical plant in Engtand with 26 empioyees of 2 noa-FVC-producing
chemical plant serving a3 contrals (faricg et al. 1978). The prevalencs of capillary ab-
acrmalities found in these British workers, which were of the same type and degree,
‘was comperabie tc that in the American sampls, aithough the latzer included a larger
sumber of more ssverely affected symptomatic patients with grester mean length of
employment (15 years vs 3.5 years). In the suthorns’ opinion, this suggested that VOM-
related disease may deveiop independently of differences in menufacturing procedures.
It also suggested that this easily detectable type of microvasculzr lesion may precede
more sevious VCMdinduced disorders. {n a smajl subgroup of 15 clinically affected
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British workers who were examined 6-24 months after leaviny the plant (termination
of exposure), the prevalence of capillary abnormalities was not less than that among
those who continued work. For an evaluation of the reversibility of this condition,
however. the group was considercd to be too small. The same tvpe of capillaroscopic
changes was also observed in three of 4 Polish workers (2 reactor cleaners, 2 fitters)
who were found 10 suffer from Raynaud's phenomenon after exposure for 2-5 years
(Byezkowske and Langouer-L ewowicka 1974).

Infrored thermography, another nondnvasive method, used by Re/v et al. (1974)
for the study of acral circulation, revealed abnormalities of surface temperature rang-
ing from marked hypothermia of terminal phalanges (which are normaily warmer than
the rest of the fingers) to “complete terminal amputation” in four PVC workers suf.
fering from OAOL. In one of them vascular disturbances as evidenced by infrared
thermography persisted in spite of complete healing of OAOL. Stewarr et al. (1975)
demonstrated uneven blood flow in the fingers and patchy hyperthermia in the distal
part of the OAOL «ffected left index and middle finger of their atypical case. Local-
ized acral hyperthermia seen on IR thermography corresponded to the angiographic
finding of circumscribed abnormal collections of small vessels (compensatory collat.
erals?) in the pulps of the affected fingers. Using IR thermography in a survey involv.
ing 143 PVC production workers and 56 controls, Willizms et al. (1977) assessed the
time needed for heat rerurn after immersion of one hand for 10 s in a water bath kept
at 19°C: however, no difference between VCMexposed subjects and controls and be-
tween groups within the exposed population was noted.

4.1.6 Immunological Studies

Early experience with the syndrome of occupational acroosteolysis suggested certain
similarities between this disorder and corresponding lesions seen in progressive systemic
sclerosis (diffuse scleroderma). Differential diagnosis of these two unrelated conditions
is now well established (Table 10). Such similsrities stimulated the search for other
manifestations of a3 systemic collagen disease, notably immunological features, as pro-
posed by Marin et al. in 1967. Werd et al. (19764, b) carried out immunological studies
in $8 workers from a British polymerization plant who were referred 1o them out of a
total past and present work force of 320. Mean duration of exposure to VCM was 39
months (6—75 months). Of these 58 workers, 28 were symptomatic (Raynaud’s phen.
omenon. 9: scleroderma of hands or feet, 6; OAOL, 2; sensitivity to cold, excessive
fatigue, limb pain, parsesthesias). Slight hyperimmunogiobulinsemis, usually IgG, the
presence of mixed cyrogiobulins, and in vivo conversion of both C; and C, were
found in 19 patients in the symptomatic group, with additional evidence of reduced
T-cell population and increased Bcell proliferation. Mixed cryoglobulins. in vive con-
warsion of complement and depressed values for Cy or C, were taken as cvidence for
the presence of circulating immune compie xss. Autoantibody screening Jemonstrated
low-titre antinuciear sntibodies (1§G 1/20-1/50) in eight of the nine patients with
Raynaud’s phenomenoa. Aggregates of 13G, C,, Cy, and fibrinogen/fibrin were reveal-
od by direct immunofluorescence in the lumen of vessels, sdhetent to vascular endo-
thelium. Aggregates were similarly seen in the media and subintimal regions of smatl

-t

Vinyt Chir

and mediur
lung (1 cas¢
The aut:
and bone <
bolic inten:
plasma pro:
which sum
cular occlue
as aresuitv
ators of tiss
to further 2
Jayson et al
suffering fre
than in nom:
ride disease
In an ea:
in four Poli
decrease in !
ever, Langu:
after Sephs.
6 together v
agglutinins
we== nhser. .
H1 Tax
( m
au*
heu
tior.
oflu.
ter u.
T Linir
up ay
ed to sugge:!
hypergamr.
with far adv
three patic:
with Rayna:
degrees of «.
nins were ..
ange: X s
scleroderma
of which is .
In sumu
sutoimmun:
establish tl«
in VCM-ind

6121 1y




P HI. Marstetler

at (termination
+ that among

: condition,
pillaroscopic
3, 2 fitters)
{or 2=35 years

e 3l (19°3)
‘perarure rang-
-{y warmer than

© workers suf-

*y infrared
etal, (19735
“u in the Jdistal
+ case. Local-
angiographic
watory collat-
survey involv.

") assessed the
arer batin Kept
atrols and de-

.aied certa
© SRIVE S¥Siv.il
= condirjons
it for other
tures, as pro-
»vdogical stu iies
-*hemout 01 3
- VCM was 30
wnaud's phun-
id. excessive
ually I§C. the
3 C, were
+ of reduced
-3, i vivo con-
- ¢vidence for

eients with

+in were reveal.
Ascular endo-
«oas of small

Vinyl Chiondg- \ssoviated Drsease 43

and medium-sized artenoles 1 biopsy specimens or the skin {10 cases). muscle and
lung 11 case each).

The authors provosed as explanation for the induction 3nd pathogenesis of skin
and bone changes in \CM-nduced disease 3 theoretical modei based on reacuve meta-
bulic intermediates of VCM fonmed during biotransformanon binding covalently 1o
Flasma protems., These may act as aNUGENSs (38 2 result of 3 structurally abnormal protemn)
which stimulats Beil protirferation and anubody response Platelet aggregation, vas-
cular occlusion and ischaenua were thought to he secondary to cumplement activation
as a result of formation of iImmune compiexes which were implicatzd as possibie medi-
ators of tissue injury. lschaemia, in tam, by leading to collagen synthesis, was believed
to further sctivate the complement pathway and thus o recycle the mechanism.
Jayson et al. (1976b}. who carried out collagen studies in 2 skin biopsy of one patient
suffering from OAQL found the rate of collagen syuthesis to be considerably higher
than in normal controls. The pathogenesis of excess collagen formation in vinyl chlo-
ride disease has not Yeen fuily efucidated.

in an earlier study no cryogiobulinaemia or presence of cold agglutinins was found
in four Polish workers with severe Raynaud's phenomenon: in two of them a slight
decrease in [§G was noted (Bycskowske and Langauer-Lewowicka 1973). Later. how-
ever. Langaucr-L ewowicka et al. (1976) observed latent cryogiobulinaemua, detectable
aiter Sephadex G-200 filiration. in 18 of 22 workers with Ravnsud's phenomenon (in
6 together with acroosteolysis and scierodermalike changes). Again. there were no cold
agglutinins detectable. but in five patients marginal to dlight elevations of IgG levels
were observed The authors suggested that a pathological alteration of immune re-
sponses plays a kev tole in the pathogenesis of viny! chioride disease. Lange et al.
{19743) and Velrman et 3l. (1975) concluded from their resuits that convincing avi-
dence of Jutoimmune disease was lacking. Immunological studies including determina-
tion of rheumatoid factor ({atex agglutination test). quantitative immunoglobulin de-
termination {Manzini radial diffusion technique) and autcantibody screening (indirect
immunofluorescence) were initially introduced in ous flrst series of 50 patients but
were later abandoned because of mostly negative results, except for occasional in-
creases in immunogiobulin leveis (Marsreller et al. 19753). These studies were laver
taken up again with an additional 43 patents engaged in PVC production but sl fail.
d 1o sugpest more than an erratic connection (unpublished dara). We did not observe
hyperpmmagiobulinaemia (see comment in Werd et al. 1976a) except in a few patients
with far advanced portal fbrosis and portal hypertension and in the terminal phase of
three patients who died frcm angiasarcoma of the liver. In a group of 18 PVC workers
with Raynaud's phenomenon in whom arteriography of the hands disclosed various
degrees of occtusion of digital artssics, autoantibodies, cryogiobuting and cold aggluti-
nins were found in none; a3 moderately increxted IgG leved (1.93-3.64 g/titre; normai
range: X 33 = 0.3—1.8 g/litre) was wen in five patients who suffered from OAOL and
sclerodermoid skin changes (unpublished data). Elastin antibody titres (the specificity
of which is doubtful) wers negative.

In sumgaary, cusrently availabls evidencs does not seem sufTicient to suggest an
sutoimmune diseass 33 5 pathogenetic mechanism. Further studies will be needed to
estzbiish tha troe significance of the pasibly transient immunological sbnommalities
m VOM-<induced disorders.
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4.1.7 Pathogenetic Considerations

Raynaud’s phenomenon a5 3 premonitory clinical symptom, histomorpiiology in man
and experimental animals and angiological experience suggest that the common de-
nominator in the pathophysiology of both skin and bone lesions in chronic VCM in-
toxication is probably to be sought in the local impairment of blood circulation in
penpheral regions, as Benoir pointed out as jong ago as 1967. By reason of their vas-
culature. the distal phalanges are tiie skeletal segments which may be most susceptible
to impairment of blood supply. particularly to disturbances of microcirculation (Gana
and MHeira 1978). Yet the answer to the next question, the pathogencsis of peripheral
vascular injury in vinyl chloride disease, is unknown. It still remains largely 1 matter of
conjecture how 2 volatile toxic compound that is taken up via inhalation, distributed
throughout the systemic circulstion and metabolized (bioactivated) in the liver, can
bring about. apparently only in a small number of predisposed individuals, after a vari-
able period of latency severe vascular injury and (probably secondary) damage to peri-
pheral tissue, Some conceivable mechanisms are briefly listed in a previous chapter (see
Sect. 3.4.2.2). but no conclusion can be drawn a5 to their relative significance.

4.2 Non-malignant Liver Disease in Vimyl Chloride/Polyviny| Chloride
Production Workers

Long before Raynaud’s phenomenon or osteolytic lesions were observed in PVC pro-
ducrion workers, Tribuk/i et al. (1949) studied environmental conditions in 3 Russian
plant where polyvinyl chloride resins were produced and compounded. Without going
into detail, the authors pointed out that moderate nontender hepatomegaly was found
in a Jarger porportion of a group of 73 workers (48 males. 25 females) mostly engaged
in PVC compounding; “anicteric hepatitis” was diagnosed in 21 of them (15 &, 6 ). Al-
though the authors knew about the narcotic action of high concentrations of VCM
(75-250 mglitre = 30 000-98 000 ppm) from the literature, which they explicitly
mention, and also knew sbout the release of unreacted monomer from the powdery
PVC resins dudng thermoplastic compounding, they apparently held other volatile
compounds derived from halogenated aromatic hydrocarbons (such as chlorinated
naphthaienes and diphenyls) used as piasticizers responsibie for the systemic toxicity.
They urged, however, that strict monitoring of the health of these workers should be
introduced to prevent the deveiopment of severe liver damage, and they suggested the
installation of vendlation facilities of sufficient capacity.

Nouaicteric hepatomegaly was again recorded by Suciu ¢t al. (1963) 14 years later
in almost one-third of the total work population (51 of 168 employwes) of two Rum-
anian PVC-producing piants, including 10 cases with additional splenomegaly. Liver
biopsy in two of these warksrs revealed chronic hepatitis. Studying the prevaknce of
temportary disablement dus to liver disease among 350 smployees of the Sverdiovsk
plastics industry , Puskin (1965) found the highest morbidity among employees of the
PVC production uuit, compared with other units engaged in the production of non-
PVC plastic materials: 1 TO workers of ancillary industries served s contro! subjects.
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The clinical symptomatology of - wypieally nonicteric « Jiver diseyse abserved in 3s
many as 1577 of the surrent work fore2 ot the PVC production unit during a 3-vear
survey was Jdeseribed as having been consistent with the diagnusis of an insidiously
develoging chironic hepatitis. No istolo@cal dara were available . however, and the true
charazter of nonmalignant jiver disease found in these worker: remained obscure.

I 1972 Kramer and Muichiicr examiined 3 group of 98 healthy male workers whao
13 been rourinely xposed to VCM for periods up to 23 vears ad for whom sarzer
nmeaweightzd dverage exposurz estimates were avadable. In an atteript o corrlate
smironmental data and results of 3 medical surveillance programme by means of step-
wise multspic linear regression analysis. it emerged that bromsulphthalein (BSP) reten.
tinn and. to 3 fesser degree, the icterus mdex were significantly correlated wath the
level of past exposure to VCM. Althousgh no overt clinical disease was found in any of
the individuals studied, Krarmer and Mucc/iler concluded that exposure to VOM at
TWA levels of 300 ppm or more for 3 working lifetime could result in certain changes
in clinical laboratory parameters. As it lacer turned out. slightiy to moderately increas-
ed BSP rerention was the most consistently pathological test for VCM-indriced Liver dis-
ease (Warseeller et ). 19752).

In West Germany the first cases of occupational QAQL were observed in 1972 by
dermatolozists in Bonn (Jiste and Lange 1972 Jihe et al. 19735 :Srein e 2l, 19733, b).
At first sight, the symptomatology appeared to resemble atypical progressive sclero-
derma. This provoksd a thorough search for manifestations of visceral involvement.-
Progressive systemic sclerosis, however. could be excluded. On medical examination of
a (irst group of |3 polycleaners who were referred to the Department of Dermatology
{rom 2 nearby PVC.producing plant it emicrged that 3 of them. who Jid not suffer
from either OAOL or sclerodenma, had 3 history of unheralded bieeding fre m oeso-
phageal varices due te portal hypertension (Jufie et al. 1973). Further inveniigation of
a yroup of 20 refatively young PVC production workers {mean age:40 yean). in whom
previous liver disease could be excluded, was carried out in ¢ollaborarion with the
Medical Deparimant. Peritoneoscapy and guided liver biopsy were periormad in each
patient and revealed varying degrees of noncirmionic porval, perisinusoilal ard sub-
capsular Jibrosis of vhe liver, with spienomefgaly, thrombocytopenia and, less frequent.
ly. marked parral hypertension. but strikingly littie hepatic dysfuncrion (Mersrelicr et
al. 1973). It was now realized that the disease spectrum in VCMexposed individuals
encompassed a larger scope of injurtes and, in fact, muggestad a systemic toxic sflect.
Hence Jidle ot al. (1973) proposed the tenn ‘vinyl chlonide disease’.

In retrospect, thus comparatively lste recognition of the true nature of liver and
spleen alterstiont in chronic VOM intoxieation can be attributed. at least in part. to
the jong latency period as well as the insidiows onsst and course of this type of tiver
disease which is accompanied, even far into the sdvanced stages, by only minimal
hepetic pasenchymal dysfunction.

Oniy 3 months laser, howewer, in February 1974 the significance of this discovery
was sucpassed by the slarming snnouncemest thet fowr cams of smgicssrcoms of the

uummmcm.ummmammml{

work forcs of 274 empioywss of the PVC polymerization section of a large Noirth Amer.
ican plant (Creech et al. 19742). Two of these four petients kad first presented with
upper gatrommstinal blseding dus to portal hypertension between 1964 and 1970.
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<6 W.K. Leibach and H.J. Marsielier

There is no louger any doubt that chronic exposure to viny! chloride monomer can
produce two different types of liver disease in man as well as in experimental animals:

1) Noncirrhotic portal hypertension

2) Angiosarcomz of the liver.

The two conditions have one feature in common: they are both rare disorders
which are not easily recognized during iife. .

Nongirrhotic portal hypertension and {often inconspicuous) portal fibrosis are not
pathognomonic. Primary splenic enlargemen: and gastroocsophageal haemorrhage due
1o marked portal hypertension in the absence of, or preceding, the development of
cirrhosis was first described by Banri in 1894, As “Banti’s syndrome’, this symptom
complex and its aetiology and pathogenesis have continued to be a matter of debate.
Under the designation ‘idiopathic’, or ‘primary, portal hypertension’ the syndrome has
been observed notably in India and other South-East Asian regions (Ramalingaswami
et al, 1962; fmanaga et al. 1962; 8ant et 3l. 19672, b: Bover et al. 1967. Samag et al.
1971). It has been seen only sporadically in the Western World (Rousscior 1940:
Ravenna 194G T-sdaic et al. 1959; Polish et at. 1962: Ahllcr and Brandt 1962, Sidery's
and Vellios 1964° Mikkelsen et al. 1965 ;fber 1970: Escartin Marin et al. 1974,
Mendenhail et al. 1974; Grannis 1975 ; Villencuve et al. 1976). Iber (1969) estimated
that “centers throughout the world reviewing their experience with portal hyperten-
sion encounter 3 to 5% of patients who do not clearly fit into the category of cirrhosis
or blockage of the portal vein.™ - o

In the absence of an identifiable aetiology it has been speculated that in noncirthotic

portal fibrosis observed in India, unknown toxins contained in indigenous drugs, herbal
medicines or adultersted food might have been responsible for the condition (Sama et
al. 1971). Villene ve et al. (1976) suggested that, apart from VCM and inorganic
arsenicals, other st} unidentified toxins could be the cause of this syndrome. Idio-
pathic portal hypectension has also been observed to occur in association with <nown
hepatotoxic agents, their common link with VCM being. 3o far with the exception of
vitamin A, the induction of angiosarcoma of the liver. These agents are:

(6121 N

a) Inorgenic arsenicals (Zecgen et al. 1970: Newlc and Azzoperdi 1971 Kuollc etal. - -
1974; Morris et al. 1974, Huet et al. 1975, Villeneure et al. 1976 Cowiishaw et al.
1979),

b) Hypervitaminosis A (Muenter et al. 1971 Russell et al. 1973, 1974, Hrubo ¢1
al. 1974 Kistler et al. 1977):2nd

¢) Racently, copper suiphate in Portuguese vineyard workers (Pimentel and Menezes
1977).

Arsenicel prepararions (usually prescribed as Fowler's solution — potassium
anenite) have in the past been used 23 2 toaic in neunastheniz, as an adjunct to iron
therapy for snsemia, a3 antiepieptic drugs and wel into the 1950s for the treatment
of peoriasis. In this conwext, Banti’s remark in his original paper (1898) that ansemia
sccompenying primary splenomegaly responded best to arsenical preparations is of
now. In 2 renowned German pharmacology textbook of this period (Vot/inggef and
Rossbech 1880) Fowler's solution is also listed as a traditional antimalarial drug of
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long standing. Chginurar and Viranuvarti (1979) recently implicated an indigenous
Thai medicine contaning arsenic as 3 possible astiological factor in a case of idiopathic
porial hypertension. Darsa et 2l. 11979) found significantiy elevated levels of arsenic in
liver Ussue specimens of four uf nine Indian patients with idiopathic portat hyperren-
sion resujting from chronic arsenic INtOXICation fcontyminated driniung water. use of
Avurvedic medicines). Typicaily. liver disease in these cases occurs in sonjunction with
other evidence of chronic arsenic intoxication. such as siin pigmentation. palmar ard
plantar hyperkeratosis. skin cancer and scmetimes carcinoma of other sites. However,
neither histological nor rdiological or haemodynamic criteria permit a clear distine-
don between “idiopathic’ portal hypertension and noncirrhotic ponal hypertension
caused by chronic arsenic toxification or chronic exposure 1o VOM, as was demon-
strated by Villencuve et al. (1976) in a study of five patiens. .

After prolonged treatment with excessively high doses of vitamin A (psoriasis.
ichthyosis and other dermatological condirions. adjuvant cancer therapy and in health
faddism) chronic intoxication has been seen 10 cause hepatic fibrosis and cirthosis
{Muenter et al. 1971 Fleischmann et al. 1977: Kisrler et al. 1977; Russel] et al. 1973,
1973). Storage of vitamin A in hepatocytes and one type of fat storing, nonphagocytic
perisinusoidal cells {Ito cells (fro and Vermoro 1952)] could be demonstrated by fluo-
rescence microscopy . Stimulation and proliferation of {to cells, which are probably
fibroblast precussors (Popper and Udenyriend 1970; Sciinack et al. 1967), provokes an
increase in basement-membranedike material and collagen within the perisinusoidal
space and leads to perisinusoidal fibrosis wrth partial obliteration of Disse’s spaces and
the sinvsoidal lumen (Hmibon et al. 1974).

The recognition of idiopathic portal hypertendon. hepatic fibrosis, cirrhosis and
angiosarcoms of the liver coexistent with excessively sbundant hepatic deposstion of
copper (besides evidence of ‘vineyard sprayes’s lurg”) in 3 group of 30 vineyard workers
in Portugal is. 10 our knowledge, the first report in which c/vonic copper intoxication
is implicated as the astiologicat apent. For periods varying from 3 to 35 years, these
wotkers had been engaged in spraying vineyards with a mixture contsining copper
suiphate on 15-100 dsys per year. The suthors noted a close morphological resem-
blance of the lesions to those resulting from exposure to inorganic anenicals and o
vinyl chiotide (Pimenrel and Venezes 1977). Although extrinsic chronic copper intoxi-
cation is virtually unknown in man, potential hepatotoxicity of long-continued uptake
of copper wes discussed by Slomyield &t al. in 1971 in connection with recurrent
haemodialysis.

Although nonmalignant liver disease seems to be 3 more corumon lesion in PVC
production workers than angiosarcoma. it ias received less attention than the spectac-
ular discovery of the rare hepatic neopiasm. In continuation of our first two surveys
(Marsreller e 2l. 1973, 19754, b), we have now (end of [980) cbssrved 17 patients
(all members of a totai wotk force of approximately 180 polymenzation workers) in
whom clinical and morphological examination, including peritontoscopy and guided
liver biopsy, revesied advancad portal hypertension (Tabdie 11). A larger propoction of
them first presenaed with sympewxs of anheraided gastrointestinal bleeding. On follow-
up. we strongly suspectad that mgiosarcoms was developing in four of them but were
unabie to prowe it during life. Only post+mortem examination finally confirmed the
Jdiagnosis. In a smaller seriss of seven patient with noncirrhotic portal fibrosis and
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18 W.K. Lelbach und H.J. Marsteller

Table 11. l' PvC workers with advanced portai hyperteasion fmarked vesophageal
varices, epivodes of upper Gl hieeding. splenomegaly !

Age ar diggnosis Duration of ¢xposure Pentonenscopic and

No (years (vears: months) histoiogical diagnosis
1 30 s Nonuairthotic fitrosis
2 31 519 Noncirrhotic fibrosis
3 32 3f6 Noncirrhotic fibrosis
4 35 4 Noncirrhotie fibrosis
5a 35 9 Noncirrhote fibrosis
6 39 10/6 Nonuitthotic fibrosis
7 39 13/6 Noncirrhotic fibrosis
8 41 7 Noncirrhotic fibrosis
9a 41 18 Postnecrotic cirthosis

102 47 18 Noncirrhotic fibrosis

1] k0 6i6 Noncirrhotic fibrosis

i2 sl 17 Noncirrhotc fibrosis

13 &2 15/3 Nonvirthotic fibrosis

14 2 11 Noncirrhatic fibrosis

15 54 6/6 Noncirrhotic fibrosis

1623 58 21 Postnecrotic cirrhosis

172 61 13 Noncirrhotic fibrosis

2 On follow-up patients 5.9, 10, 16 and | 7 subsequently Jeveloped angiosarcoma of =

the liver and died 3-6 years after diagnosis of portal hy pertension. Patients 6 and
14 are at present { 1981) under observation for suspected development of angi0-
sarcoma of the liver, 6 and || years after peritoneoscopic diagnosis of portal [i-
brosis

associated portal hypertension, Smith et al. (1976a) observed later development of
angiosarcoms in one of them. [f » rough estimate based on these two small series were
acceptabie, it would appear that approximately one of five to seven individuals suffec-
ing from advanced VCMdinduced portal hypertension might be expected to develop
angiosarcoma later, although PVCJinduced hepatic fibrosis per se is probably not 3 pre-
malignant lesion.

42.1 Clinical Manifestations of Non-malignant Liver Disease

Phyzsical examination is usually disappointing. In the more advanced stages of VCM.
induced nonmalignant liver disease, palpable splenomegaly and a sightly to moderate-
ly enlarged liver may be the only physical signs. On palpation, we found hepatomegaly
in 31 and splenomegaly in 16 of 50 selected PVC workers who had been
heavily exposed in the past (Marstefler et al. 19782). Lilés et ai. (1975) reporied hepa-
tomegaly in 15% and splenomegaly in 3.4% of 354 consecutively examined employees
{267 currently employed, 87 former warken) of one PVC polymerization plant in
New York State, USA, & number which included virtually the entire current produc-
tion work force. A significandy higher prevalence of hepatomegaly was found in those
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expused for more than § vears. whereas the dilTerence in lhe'prtva.lcncc ol palpable
splenomegaly was not significant.

In contrast to cirrhosis of the liver. clinical symptoms indicaring serious impair-
ment of hepatic function sucit a3 jaundics. vascular spiders. palmar en-thema, teiang-
ecIases. gymacsomasna. penpheral oedema and ascitss or hepatic encephatopathy are
not seen. Even after massive bieeding from oesophageal varices portosystemic ence-
phalopathy does not deveiop. Ascites and hepatic coma have been observed in these
workers only in termunal stages of angotarcon:a of the liver.

It 13 puzzling that acroosteclysis and sclerodermoid skin induranion have only rarely
preceded advanced stages of VCM-induced liver disease. To our knowledge there is
only one case of angiosarcoma of the liver on record which was associated with priot
development of acroosteolysis (Rocke et al, 1978).

4.2.2 Laboratory Findings

Owing to the fact that hepatocyres. although being the primary site ot metabolism. are
not the target of toxicity, standard biochemical liver function tests are only of limited
value jor the detestion of liver disease in populations at risk (Willizms et af, 19755).
This makes it very difficuit to devise adequate screening programmes (Marsin et al.
1973, Creech and Makh 1975, Wrars et al, 1975, Berk et al. 1975, 1976). Apar: {tom
thrombocyvtopenia, we found 45-min BSP retendon to bs the most consistently patho-
iogical biochemical test: usually minimal hyperbdilirubinaemia and minor elevation of
the levels of serur alkaline phosphatase. SGOT and SGPT were considerably less fre-
quent (Varsteller et al. 1975a). Another dyeremoval test, indocyanine green clearance
(1CG: 05 and 5.0 mg/kg), also proved to be more reliabie than standard diochemical
liver functicn tests in correctly identifying early hepatic injury in 1200 vinyl chloride
workers of a chemical plant in Louisville, Kentucky ., during 2 $-year screening pertod
(Temburro et al. 1978b). The exposure rank was found to be closely correlated with
progressively increasing frequency of abnormal ICG desrance, whereas the {requeacy
of sbnomal SGOT, and alkaline phosphatase only increased in late stages. often when
there was overt clinical disease. In the survey coaducted by Lilis et al. (1975), alkaline
phospliatyse levels were elevated in 16.6% of the 354 workers examined. [n their seties,
alkaline phosphatase was slso closely corretated with the clinical symptom of hepato-
megaly and/or splenoregaly.

Except for thrombocytopenia (less than 150 x J0° platelens/litre) which Lange
and 'e/omen (1977) found to be present in 76 of 100 workers. snd a slight increase in
the reticulocyts count (in 35 of 79 wockers,Lange and Velrman 1977), hasmatological
parameters usually do not contribute to the disgnosis. Thrombocytopetia was also the
presenting featuce in two of seven British wockers with aoncirrhotic poreal hvperten-
sion (Smish et al. 1976a). Theombecytopenia and abnoemal platelet function tests will
be dealt with seperately in Sect. 4.4.1.

Amcmment of udnary excretion of porphyrins and porphyrin precussors in sympto-
matic workers who had been engaged in the production of PVC (n = 23) or the manu-
facture of PVC articies (n = 1 7) revealed varying but mostly mild degrees of secondary
coproporphyrinuriz in the majority of them (Lusge et al. 1976b). The significance of
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these findings as an indication of toxic liver damage is not clear and the relation to contrast sl

2 previous exposure to VCM remains to be determined. pectedly s

is a focal .
; 4.23 Gross Inspection of the Liver and Spleen ;E?]Cal:fi.

3 ﬁ{% The gross appearance of the liver, as assessed by peritoneoscopy (Marstolicr et al. ::?Si:’::xé
e ?é 19753, b: Marsiciler and Lelbach 1977, Lelbach and Marsteifer 1977 ) or at exploratory extending
__,_3-,5': IS laparotomy, is that of a normal-sized or gightly to moderately enlarged organ with nective tiss

;’:&ﬁ;— 1 often blunted and irregular anterior edge . Inspection of the liver at peritoneoscopy also processes 1:
5 J‘g s permits exclusion of partial nodular transformation as described by Sheriock et al. or more di.
J}ﬂ'{' (1966). In most cases, the surface of the liver is smooth or slightly uneven with shallow are seen in

os b P indentations, but it may be finely granular, trabeculated or have a peau d ‘orange-ike :

e appearance. At most, there are micronodular changes but the diffuse coarse nodularity

f L of cirrhosis is only rarely seen. Progression to frank cirrhosis with severe derangement 4324 His
> of hepatic lobular architecture was observed by Smith and Ivilliars (1974), and also
g in two of our recent cases in combination with development of angiosarcoma. Histologic.’
On palpation (direct or by peritoneoscopic probe), the texture of the liver is normal . is generally
‘; or only slightly firmer than usual. Indirect peritoneoscopic evidence of portal hyper- sis, strikin-®
£ tension is presented by increased vascularity of the (alciform ligament and the intes. fibrosis are -
X tinal serosa or numerous dilated tortuous vessels in adhesions draining to the abdomi- - (Fie = 4
‘: nal wall. Even in advanced stages, symptoms of pronounced portal hypertension often ;i c -
b ] Dt
g - A f T
7 . = iy - ) \ _ tol
Y LA S S A A Y 10 B
TR b e S s I =
e A e e aa
e 2 2 3 : - 5{; nan .
R, “‘., ject TSN
o i atons is s
’.':; Thomas |9~
1976). bur
' (Popper 1 .-
4241 H..

In its fully

of dense, pa:
bile ducts a:
’ with formau
SR . central and »
S Fig. 4. Peritogeoscopic view of left hepatic lobe in noacirrhotic portal hypertension of connectin
. '-: : (Janvary 1979). Blunted anterior edge, smooth to finely granular surface. conspicuous with enlarge.
e patchy capsalar fibrosis. (42 sar-old autociave cleaner. VCM exposure 1963-74. perisinusoid
N 1973 thrombocytopenis as first sign. From 1974 to 1979, marked progression of oidal walls.
t poriyl hypertension with splenomegaly and one episode of bieeding from ocsophageat 1é s
S varices.) See also Fig. 5 (patient 6 in Table 11) Mallerev al. :
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<ontrast sharply not only with minimal alterations of the surface bur also with unex-
pectedly scanty histological evidence of hepatic (ibrosis. The most cunspicuous feature
is 3 focal or diffuse capsular [ibrosis of varying patteen (Fig. 4). presenting as whitish
opacities. The degree of capsular invoivament ranges from dirfuse uny commalike or
stellate scars 1o coarsely recicular and irregulasly patchy milk-winite capsular thicken-
ing (Marsteller et al. 19752). Histology showed that this focal increase of connestive
tissue in Glisson's capsule may extend into the parenchyma and connect with sep13
extending from 2nlarging fibrosed portal traors tPopper and Thomas 1975). The con-
nective tissue capsule of the enlarged spleen also secms 10 be sensitive to VCM-inducsd
processes that have taken place in the underlying tissue so that focal white thickening
or more diffuse opacities together with circumscribed subcapsular haemwrrhagic cysts
are seen in cases with marked spienomegaly.

<24 Histology

Histological examination of biopsy specimens shows that normal lobular architecture
it generally maintzined, but varying pattems of portal and, in some cases, septal fibro.

" sis, seriking intralobular perisinusoidal fibrosis, and {ocal capsular and subcapsular

tibrusis are found in combination with peculiar alterations of sinusoidal lining cells

(Fig. 5a~d). Hepatocellular changes usually play 3 negligible role and inflammatory Lot
reactions, if present at ail, are insignificant. The lesions are distributed quite irrsguiarty ) 3\3
throughout the liver 3nd may vary from minor inconspicuous degrees to quite striking ;‘,
fibrosis. Surgical wedge biopsy of sufficient depth appears to be more suitable for his. ra}
tological evaluation than needle biopsy specimens (Smirh: et al. 1976a: Blendis et al. ~
1978).

Depending on length and degree of exposum, interval betwesn last exposure and
dute of biopsy. as well as individual {actons, histopethology of VCM.induced nonmualig.
nant liver disexse is represented by the following fearures whose manifestation is sub-
ject to marked ineerindividual and topical variation: the same varisbility of tissue alter-
ations is seen in the nontumorous areas of the liver in angiosarcoma (Papper and
Tiromes 1975 Thomas et Al. 1975; Berk et al. 1976; Geedigh et al. 1975: Weinbren
1976). but in these cases the noatumorous lesions may be even more conspicuous
(Popper et al. 1978).

4.2.4.1 Hepartic Fibrosis

in its fully developed form, minimal co marked enlargement of portal tracts by excess
of dense, paacicellular connective tissus, which in advanced cases coatains profiferatsd
bile ducts and some peridoctular inflammation, may in ram instances be combined
with formation of peripoctal septa kaking portal tracts or, even more rarely, connect
central and portal canals. Other portal are2s appear almost normal. Focdl accumalation
of connective tissue in the thickened Glisson's capsule may be coanected by septa

" with enlarged infracapsular portal tracts. A more sriking festure is an intralobular

perisinusoidal *netiike” fibrosis with more or less prominent collagenization of sinus-
oidsl walls, in some areas even progressing to frank capillarization (Gedigh et al. 197S:
Afilicr et al. 1975). The focal incasinusoilal (ibrosis may be subde and in some canes
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may be recognized only in connective tissue stains. Triche et al. 11975) pointed out
that in one worker with severe acroosteotysis but normal hepatic function and essen-
tially normal liver histology on light microscopy (except for 2 minimal and easily over-
looked increase of perisinusoidal collagen in vccasional lobules), electron microscopy
revealed a striKing centrilobular increase in collagen between hepatocytes and in Disses
spaces together with proliferation and hyperplasia of sinusoidal lining cells (see also
Kurokawa et al, 1977). The same ulsrastructural deposition of perisinusoical collazen
was observed by Sciarrenbery et al {1977} in 15 PVC workers in whom we could ob-
tain liver tissue for electron microscopy at peritoneoscopy. Similar changes (enlarge-
ment of Kupffer cells, abundant deposits of collagen in the Disse’s space and resuiting
reduction of sinusoidal diameter suggesting a possible factor in the pathophysiology
of ‘sinusoidal’ portal hypertension) were seen on electron microscopy in 3 number of
cases of idiopathic portal hypertension of unknown aetiology (occupational histories
not mentioned) (Sormmerschild and Kiuge 1971 ; Kiuge et al. 1970: Tandon et al.
1970).

4.2.4.2 Sinusoidal Lining Cells

Marked focal proliferation and hyperplasia of sinusoidal lining cells with nuclear poly-
morphism and hyperchromasia are the most impressive features of the mesenchymal
lesion. The hyperchromatic nuclei of these cells may show a bizarre shape or resembie
short pegs. and are often arranged in a chainlike fashion (Gedigk et al. 1975). These
perisinusoidal and sinusoidal cells include three types: (1) normal endothelial cells,

2) lipocytes (Ito cells), considered to be precursors of fibroblasts and (3) plump cells
with spindle shaped nuclei and PAS-positive cytoplasm. Formation of excess reticulin
sugzests fibroblastic activity of some of these cells. Focal dilatation of sinusoids, not
explained by passive congestion, is another peculisr feature usually associated with
particulady pronounced alterations of these mesenchymal cells. There is reason to be-
lieve that this combination of changes may represent a premalignant stage.

4.2.4.3 Heparocytes

Unimpressive, nonspecific, degenerative and adaptive lesions (such as minor degrees of
fatty degenerution, cioudy swelling, ballooning or vacuolar degeneration, increase of
lipofuscin pigment and proliferation of smooth endoplasmatic reticutum of hepato-
cytes in focal areas without inflamnmatory reactions), can be seen to disappear gradual-
ly with increasing intervals betwsen the tast exposure and the date of biopsy. in con-
trast to the apparendy irreversible damage to mesenchymal structures (Gedigh et al.
1978, 1977, Miller et al. 1975). In poordy demarcated areas there is hyperplasia and
hyperteophy of hepatocytes with polyploidy and incressed aumber of binucleated
celis. Two types of focal hepatocytic proliferation sssociated with varying degrees of
sinusoidal cell siterations were recently described and are thought to play some as yet
undefined role in the precursor stage of angiosarcoma (Popper et al. 1978).

<.2.4.4 Histology of the Spieen

Uniess spkni:tomy is carried out in vinyl chloride disease. tissue specimens of the
spieen are less easily obtainable than liver biopsy material. Popper and Thomas (1975)
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and Thomas et al. (1978) found the cut surface of surgically removed enlarged spleens
to be characterized by conspicuously hvperplastic Malpighian follicles in 3 beefy homo-
geneous red pulp. Histologically, they noted large germinaf eentres of the Malpighian
follicles with merging of perifoiliculas zones. dilatation of red pulp sinuses lined by
endothelial ceils of variable. oiten cuboidal shape, thickening of the pulp cords with
occasional fresh haemorrhages, and in one case Gandy-Gamna bodies, but only incon-
spicuous fibrosis of the red pulp.

In ten cases we obtained needle biopsy specimens of spleen tissue 3¢ peritoneoscony.
Heusermann and Ssutte (1977b) and Sturte and Heusermann (1 978) studied this ma-
teriai, together with spieen tissue specimens available from theee spleens obtained at
splenectomy . They found evidence for an invoivernen: of the spleen in the fibrosis
process. Excess amounts of newly formed extracellular elements of reticular connec-
tive tissue, notably collagen, produced by stimmlation of fibroblastic cells of the red
and white pulp. particuiarly in perifolicular and subcapsular areas. were observed.
Tilere was scarring of periartenal lymphatic sheaths, obliteration of the pulp cord
meshwork and reduction of pulp cord volume, in addition to an increase in number
and diameter of sinuses. The reticular connective tissue of the walls of the sinuses and
of the pulp cords showed marked alterations with thickening of reticular fibres and
formation of bizarre platelike amorphous structures contaning icregularty distributed
collagen fibnls. Narrowing of the labyrinthine cordal tissue with marked increase of
the reticular connective tissue caused a reduction of microcirculatory sequestration
volume with parallel decrease of the number of puip cord macrophages and approxi-
mation of capillanies and sinuses. Frequendy , focal sccumulation of platelets was
found within the narrowed pulp cordbed in addition to increased phagocyiosis of
thrombocytes by residuat macrophages. This isnds support to the hypothesis of en-
hanced peoling of platelets in the spieen (Heusermann and Srurte 1977a), and may
he!p to explain the psthogenesis of thrombocytopenia often seen even in the eady
siages of vinyl chloride disease. By structural analysis of histometrical resuits. Seutre
and Heuscrmann (1978) outlined certain diagnostic criteris for the differentiazion of
VCM-induced splenic alterations from those seen in portal hypertension dus to cirthosis
of the liver or extrahepatic portal vein occiusion. They concluded that fibrotic changes
in the spleen in vinyl chioride disease are not the result of portal hypertension but in-
dicate a primary sctoa of VCM or its metabolites on the spleen. A comprehiensive re-
pott corvelating clinical and morpheiogical data gathered from this group of 13 pa-
tients is being prepared for publication 3¢t present. Results of histometrical studies of
the spiesn in noncirrhotic portal hypertension of uninown astology are now svail-
able for comparison (Seki 1965 ; Yamemoro 1978, 1979).

425 Pathophysiology of Portal Hypertsnsion

The pathophysiology of portal hypertension in VO idaduced liver disesse is a3 yot an
unresolved problem. Patency of the portal win was demonstrated ia all cases subjected
to spisnoponography. Portography usally showed 80 or oaly misimal derangement
of intrahepatic vascular pattern such as pering or ‘cut-off” of small peripheral portal
venous radicles (Blendis et al. [978: Villeneuve ot al. 1976). High intraspisnic pressure
and 3 sormal, o¢ oaly sightly raised. wedged hepatic vein pressure indicats that the
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portal flow is obstructed at the sinusoidal or presinusoidal level. In a group of five PVC
workers selecied for haemodynamic studies, Blendis et al, (1978) could not demon-

strate a direct relationship berween the de2rec of hepatic fibrosis in needle biopsy spac-

iniens and portal hypertension. But it should be Kept in ming that the distribution of
fibrosis in these workers is quite irregular. 1t has also been suggested by Popper and
Thomas (1975) and Thomas et al. (1975) that the increased splenic and hepatic hlood
flow as a result of decreased spienic resistance in splenomegaly cannot properly be ac-
comodated in the hepatic portal vein bed owing to impairment of aduptive distension
of portal veins and sinusoids by the subcapsular, portal and perisinusoidal fibrosis.
Blendis et al. (1978) found no correlation between spieen ot estimated liver blood

Pk. 61, b. Progression of noncirthotic portal hyperteasion despite termination of ex-

re. Oesophagal vances. (Aatoclave cleanss, ags at disgnosis: 35 yesrs. VCM-ex-
mn.,mz-mz 1972 hymd': phenomenoa, skierodermoid skin indurations.
thrombocytopenis. splenomegaly ., and grade ] oesophageal varices. Gradual progression
of portal hypertension. Sudden desth from ruptured anaplastic angiosarcoma of the
liver in June 1978, Histologically only mild perisinusoidal fibrosis in nontumorous
areas)
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flow and the portal pressure, However, they point out that this relationship may be
veiled by the amount of blood bypassing the liver via a collateral circulation.

426 Follow.up of Non-malignant VCM-induced Liver Disease

In 1974 Vurtin et al. (see also Berk et al. 1978) pownted out that VCM.associated hea-
tic fibrosis. once #stablished. may progress even afic: zessation of exposurs, They
could demonstrate this progression despree nomsfizauon of all routine liver (unction
tosts in 3 27.year-old worker on 3 follow4ip examination including peritoneoscopy and
biopsy 2 172 vears after cessation of exposure. Progression of fibrosis and appearance
of bridging between portal and central veing were indicative of pemsting activity-of
the fibroblastic process, whereas the previously obscrved activation of both hepato-
¢cytes (marked variation of cell size and numercus binucleatsd ceils) and sinusoidal Llin.
ing ceils had Jisappeared. Since 1973 we have observed 2 number of workers who on
follow-up showed evidence of progressing portal hypertension with development of
massive oesophageal varices and subsequent bleeding episodes despite removal from
exposure (Fig. 6). In five | 77) of these patients with progressing portal hypertension angio-
sarcoms of the liver finally developed. In this context.it is of interest to note that more
or less conspicuous hepatic fibrosis (or rare progresion to cirthosis) was the parental
terrun in which the majority of cases of VCM-induced angosarcoma of the liver devel-
oped (see Tables 13-18).
Liver and spieen scans with M echnetiumdabelicd sulphur colloid, quantitated
determination of spleen size with the a3id of !97Hg-bromomercury-hydroxypropane
(BMHP) labelled artificially damaged red cells, and sequential perfusion scintigrams
after bolus injection of "M Te-pertechnetate have been found useful in the diagnosis
and follow-up of nonmalignant iver disease in PVC.polymerization workers. With the _SOI
aid of these noninvasive methods. inhomogeneous uptake of labeiled sulphur colloid in o~
the reticuloendothelial system of the liver and enhanced uptake in the spiesn, gradual ~
increase in spieen size 3ad reduction of portal venowus perfusion have been ohserved in &3
PVC polymerization werkers developing portal fibrosis and portal hypentension (Bier- oS
sock sz al. 19753, b, 19774, b).

43 Aangicssrcoma of the Liver

43.1 Epidemiology

mwﬁ&ﬁm(ﬁl)hmmduamhwofm
reticylosarcoma,

{sngioblastc sarcoma, angioblastic eadothelioms, endothelioblastoma.
haemangiotlastoma, hemangiosndothelioms, haemsagioendothelial sarcoma, Kupffer
el surcoma, maignant hsemangioms, me reticuloendothelial

tastasizing
sarcoma, primery sarcomme of the liver). (v is an excendingly tare malignancy, arising from
vascular liniag cells. Jt cacuss spontamecusly with two peaks in the ags distribution:
one at early infancy (infamtis hasnwngioendotielioms) and the other in iate adult-
hood (fourth to sixth decade). The aumerous synonyws render it difficult to estimate
the number of repocied cases snd to determing its true incidence. In a recent review
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TSR of the literature, Alrenga (1975) listed 165 published cases of primary angiosarcoma tion of +
R of the liver in adults. In the six autopsy serics collected by Airenga. ASL constituted inorgent
only { 8% (0.9%-2.7%) of all primary malignant tumours of the liver, which of them- dioxide |
R selves are rare findings in the Westem World. Autopsy statistics show that the incidence tem and
iy e of ASL ranged from 2 to 20/100 000 autopsies during different pericds with 5 mean Thor
- ;5& ‘- incidence of 12/100 000 autopsies (Table 12). According to Heatit eral. (1975) it was contrast
BrEadl estimated that in the United States the expected annual incidence of ASL is 0.014 in ing evid:
Mot 100 0QQ inhabitants or 2530 cases per year for the entire Unijted States. reported
5 been tixe
x 3 had bec::
< Table 12. Incidence of angiosarcoma of the liver (ASL) in autopsy series and Vo
RN T " : A special
v;_‘_) 3 Ob;er\'auon No.of No.of cases caused b-
R Authors Year period autopsies of ASL Region :
b - =L ‘thorotra
+/54 : Simpsonetal. _ 1955  1914-1983 23196 1 Mavo Clinic, from a k.
kS Rochester, Minn., ASL (R
S B USA Deve!
oY, Edmondson 1958  1918-1953 $2000 1§ Los Angeles. man vine
aliare County Hosp.. USA tensively
S ) 1950-1¢
-t Y } MacSweenetal. 1973  1900-1969 -2 3 Western Infirmary . tion reve.,
Tavk: : Glasgow, UK. of multip:
Feir Alrenga 1975 - 1951-1973 39700 6 " Cook County Hosp. - approved
i e Chicago, USA < occurred .
PN X butnout
-~ § Rein and Muth 1975 1954-1974 30079 4(6)¢  Dinseldorf, Fed.Rep. - praduced
SRR Germany &3 Haustrun
B B8yrén and 1975  1958-1969 - P 12 Sweden B (%S
b Holmbery (adult cases) Rorh (19-
. 1 18.6-8%
IR Dalderupetal. 1976 1960-1975 At least 8 Netheriands . . —Fowiers »
% ‘ 40 000 {poputation: Clon.
.: S 10~ 14 million) haemang;.
. & 3 Among 120 cases of primary malignant liver tumours studied post morte during tension hu:
e this 70year period. . woman w’
oY b Among 8 million inhabitants. ride) duri.
P2 e € 4 Angiosarcomas, | hsemangioendothelioma, 1 malignant haemangiopericytoma had 3 high
b, A . manifesta-
e 7 ; The pr
R Accordingly, the identification of 4 cases of ASL among approximately 270 em- be elicireJ
s : ployess of the vinyl chloride polymerization section at 2 B.F . Goodrich plant near period 18"
Louisville, Kentucky, between September 1967 and December 1973 was duly recog- histony of
RN ntzed as an slarming situstion indicetive of 3 sesious new occupational hazard (Creech Among m:
1 ot al. 19742; Creech and Joanson 1974), observed
. Untll 1974, only two carcinogenic agents were known to be stsociated with the other han -
. . development of ASL in man, i.e. the administration of a radioactive colloidal prepara- 391 auto;
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tion of thoriun Jinxide (thorotrast) for diagnostic purposes. and chronic expasure to
orsanic arsenicals. Both substances are stored mainly in the liver: injected thorium
diaxide particles are rapidly taken up by phagocytic cells of the retcuioendorhelisl sys-
tem and are permanendy retained: 3rsenicals are only siowly released from the liver.

Thoroerss: came into use in 1928 and was intemationallv employed as an injectable
conrrast medium unti] the mid-1950s, when irs use was abandonad because of mount-
ing 2vidence of the carcinogenic action of thorium dioxide deposits. Macuion € al.
reported the first case of thorium dioxide-nduced ASL in 1947, Since then ASL has”
been the type of liver tumour which occurred most irequently among patients who
had becn given thorotrast injections in the past (da Sitve Horra 1967 Ja Sitva Horta
and Motta 1967 ; Wegener et ai. 1971, Fudlt and Pitzke 1974 Selinger and Kogf 1975).
A special type of progressive portal and subcapsular hepatic fibrosis was another lesion
caused by thorium dioxide retained in the liver. da Sifrg Horta (1967) considered this
‘thorotrast fibrosis’ to be clearly distinguishable from true cirrhosis. Garnma radiauon
from a lost radium needle has aiso been implicated as a causarive agent in one casz of
ASL (Ross 1932).

Development of ASL as a late complication of clronic arseruc intoxicaron in Ger-
man vinevard workers was first described by Liebegorr (1949, 1952) and has been ex-
tensively documented by Rosit (1956, 19572, b, 1959). During the 10-year period,
19501959, autopsies of 82 Moselle vintness suffering from chronic arsenic intoxica-
tion revealed ASL in 8 cases among 3 total of 61 individuals (74%), with cancer often
of multiple sites (Rot/t 1959). In 1925, arsenic insecticide sprays and dusts had been
approved for use in German vineyards but they were banned by law in 1942, Exposure
occurred not only via inhalation during spray periods (approximately 30 days/year)
but natably by daily consumption of quantities of cheap grape wine (‘Hausrrunk™).
produced from s second pressing of the grape skin residue by adcition of water, This
Haustrunk, an allowance in kind to the vineyard workers, had a low alcohol content
(3%-5% v/v) but conwained high leweis of residual anenic (0.2-8.9 mg As;0,/litre).
Roth (1956) calculated the mean total ingestion of As;0; to have been 53.7 g (range:
18.6=88.8 g) for 3 12.vesr period. ASL was 2iso seen after long-term treatment with
Fowier's solution for psoriasis (Repedson et al. 1968: Lander ¢t al. 1975).

Chgwdlury et al. (1977) reported an anecdotal case of apparently benign diffuse
haemangiosndotheliomatosis of the liver with considerable fibrosis and portal hyper-
tension but normal liver function. This condition was found in 3 middle-aged biack
woman who kad been exposed to various chemictl fumes (including carbon tetrachio-
ride) during 20 years in 3 aryclsaning establishment, though it must be noted that she
had a high alcohol corsumption. The possibility chat these symptoms could have been
manifestations in later life of congenital dissase cannot be ruied out.

The propoction of patients with ASL in whom 3 pertinent histocy of exposure could
be eficited has varied considerably . In an eadier survey of the literature covering the
period 18751960, ron Becker and Bisscher (1961) Ustad 12 of $4 aduit witha
history of exposure to sitker thordum dioxide (7) or arsenicals (5 of Roth's cases).
Amoag more than 15 000 autopeies pesformed in Boon during 19501959, all § cases
observed were found exclutively in vintners expossd to arsenicals (Roth 1959). On the
other hand, Fiechmer and Ry'es (1976) recently observed s cluster of 4 cases among
391 sowpsies during 3 29-month period at 3 hospitai in rural central Wisconsin serving
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;. T Table 13. Personal data of 68 polyvinyl chloride production warkers with angio<arcoma Table
f\,r‘ f of thie liver reported to NIOSH up 1o August 1978 (Sperras and Kemimski 1978) ——
h i
Ly s Date of Tutal
Feae ¥ Birth date death Age at yeurs Job h3
f » No Country?  (m/d/yi® im/d/iv) death exp. classitication® -—
_‘v-:',-}r q 41
I B 011213 0629.76 63 17 1.2 42
ki S 1 CNDUI) 121543 09.0255 31 1 1.2
A 3 CND(}) 030614 12.21.57 43 14 231203 44
e AR S 4 CND(3) 0826.19 033262 42 20 2.5 45
, S CND(4) 040519  01.21.e& 48 22 1,25, 14 46
Do e A 6 CND (%) 05.07.13 07.05.68 56 5 Leid . 17
g~ Fon WX 7 CND(&) 1215.19 04.10.71 51 23 1.12,13.15 48
K. 5 8 CND(7)  11.09.19 122472 52 25 1.9.17 19
It 9  CND(8)  05.13.20 061273 53 s L1217 50
B hlr 10 CNDY®) 071921 09.04.73 53 2 312018 51
1 O E 1 CND/10) 05.16.15 04.00.77 6l 14 2.1é $2
¥ 53
GRUNEL 12 &€srRu)  00.00.28 120073 45 16 ! 34
AR 13 ESR(D)  00.00.26 00.0066 40 15 ! 55
N3 YL 63 Q™M) (147) 56
': ”_“%" 57
E Sy g 14 D) 06.04.30 01.25.69 38 12 2 58
Pl R 15 D(3) 07.26.31 121471 39 I 2 59
L Ty -; 1o Did) 09.04.30 11,2574 44 17 2 60
R 17 D(%) 01.01.32 01.09.7S 33 12 2,48 61
= G e . 18 D7) 09.29.2¢ 11.13.75 49 pJ 1.¢h -
TIERTORL A 19 D(8) 10.19.17 12.25.75 S8 p 2 63
L EES S 20 D(9 12,1334 03.2478 42 15 10 o 64
At i1 D19 07.23329  06.28.77 47 22 10 z 63
SRR 22 DU 12.29.36 030777  ai 16 10 T 66
BN 23 DU 06.14.38 1007.77 39 6 1 " 67
SN 23 F(n 041524  02.19.67 43 19 1.2 b 68
R ‘ 25  F(@ 06.03.11 01.24.75 63 2 2 -
L yoe 26 F(3) 01.06.20  06.26.75 55 29 2 -
3 M 27 F{d) 01.27.27 01.03.76 49 2 2.6 XD
e = 18 F(5) 01.29.38 05.13.76 38 1 1.2 CSR
RN 29 F(6) 04.14.34 09.12.76 42 13 6.7 D.
: M 30 F(D 00.00.27 07.02.76 49 22 2 F.
Ry 3t F(® 04.01.34 013077 42 19 2 GB
P 32 F9) 10.08.14 122577 62 28 2
T 3 F(10) 05.24.19 01.20.78 38 2 2 % o00.¢
5 ; 34 GB(D =20.01 120372 71 a2 s S la
) elt 35  GB(3) 06.0237 122474 37 4 ( 2,an
T 3127 3.or
y: " 4, po.
: <3 36 12 11.13.29 12.27.72 43 6 2 5.fc:
SRR 37 K 03.14.20 07.10.75  $S 21 g."i
e < g
! > 38 ) 08.01.22 102475  §2 22 8. pr
39 1 08.02.29 08.10.76 M7 13 et
s 40  N{1) 12.23.8 010472 56 21 (Tables !
(8] . . . refecen:
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:»:s;t.:oma Tabile 13 (continued)
o
Date of Toral
Hirth date doaty Age ot sears Job
) No Country?  (mrdivs tmjd/y) Jdesth exp viassification”
aksisin i S 062327 10.20.70 33 13 :
42 Sy 06.10.10 03.18.76 83 21 2
3 S 11.1o0.12 051277 62 3
1213 44 USAq1}  1017.33 03.03.73 49 2 9
43 USA (D 08.19.33 09.27.71 37 - 13 9
<1 46 USA(3) 05.25.15 12.19.73 S8 28 10
' 47 USa ) qa1.15.24 01.07.68 43 i$ 10
S 1315 48 USA(S) 012512 04.06.64 52 2 10
V7 49 USA (6} 11.23.28 07.24.75 46 12 10
s 50 USA(T) 050322 03.23.68 45 17
L6 51 USA(S)  05.06.20  08.28.61 41 15
“ 52 UsSA (9 11.08.51 03.00.75 43 4 o (D
53 USA (10 08.16.13 05.10.68 55 17
54 USAL(1]) 05.27.G69 03.16.70 61 33
L5 USA 1Y) f1.17.18 050369 £0 19
£6 Usaild) 12.01.21 07.04.74 $3 pd
i 'SA116) 11.04.27 03.27.69 <41 )
53 USA 1T 05.06 31 1978 alive 43 19
59 CSA(18) 04.22.28 11.02.7% 46 1l
1] USA(1S) 00.00.15 03.06.76 60 a2
< 6! USA (201 08.3(.17 01.30.77 58 2t
O 62 TSA«2I  09.02.09 01.02.77 67 21 Loy
63 USA(23)  10.01.23 120476 52 28 =)
64 USA 123} 00.00.22 03.06.73 50 14 -
63 USAiz4) 080717 08.27.77 [ 1] 2 =
66 USA(25) 08.07.10 €3.10.77 67 20 ~
67 USA(26) 7(1978) 7{1978) 7(1978) ?2(1978) ~
68 YULD 04.05.14 08.04.73 59 20 1.2.5%
1. Belgium . laly T P
ND, Canads. 5. Japan
SR. Crechoslovakia N, Norway
D, West Germany S, Sweden « .
F. France USA, United States of America
GB, Great Britain YU, Yugoslavia.
b 00. data not available.
€ 1. 3sutociave claaner 10, poly merization worker
<. 2utoctave operalor, 11, techaical asistent ’ -
3. pipe ficter 11. maintsnance worker ¥
4. poly merizer 13, millwright ’
S, foreman 14, wamr coollag unit
6, filtreur’ 15, reagar
1. ‘préparateur de sohution’ - 16, furmace opurator
8, process worker 17, machine shop worker

9. chemical operator

. (Tables 13~1$ are vompiled with tha 3id of information contained in the literature;
———tt— re{erences see Table 15) :
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a population of 130 000. One of the four had a history of occupational exposure to
polyvinyl acetate, which has hitherto not been related to ASL. The other thres may
have had nondocumenied exposure to arsenical pesticides. which were used for many
years in this region, but such conjectural Jeliberations must await further investigation
for confirmation.

Death certificates for the periods 1963—1973 in Eagland and Wales and 19651973
in Scotland recorded 41 cases of ASL (1-9 cases per year: mean: 4 cases per vear). An
unexplained peak was observed in 1968/1969 (Baxrer and Fox 1975). Six additionayf
cases not mentionad on the death certificates were detected by 3 pancl of specialists
(Baxrer et al. 1977). In reassessing 36 of these 47 patienis for whom histologicai sec-
tions were available, the panel of histopathologists unanimously agreed on the diagno-
sis in only 14 cases (7 doubtful, 3 unclassifiable, 12 non-ASL). For 12 of these 14
cases occupational and residential histories were obtained which reveaied one un-
doubtedly VCM-induced case, two cases with possible exposure to {low levels of ?)
VCM and one case attributabie to thorum dioxide.

After the first three cases of ASL among vinyl chioride polymerization workers in
the United States had come to the attention of the National Institute for Occupational
Safety and Health (NIOSH) in January 1974 (Lioyd 1974), this institution contnued
to collect information on additional cases reported to them from natioas with an im-
portant PVC industry (Lioyd 1975 Spirtas and Kaminski 1977). As of August 1978,
data had been presented on a total of 68 cases of ASL among polymerization workers
(Spirtas and KXaminiki 1978, pers. comm.); another eight cases had been observed
among nonpolymerization workers exposed to VCM in various jobs. On the basis of
this data collection communicated to us in 1978 — for which we wish to thank Drs.

R. Kaminski and R. Spirtas, NIOSH. Cincinnati. USA — we attempted to trace these
cases and their individual symptomatology as well as other relevant information pub-
lished in the literature up to 1979 (see Tables 13-~18). T).¢ ten Canadian cases of
VCM-induced ASL (cases 2—11) are dealt with summariiy in the papers published by
Delorme (1978a) and Delorme and Makk (1975): seven of them were described in
more detail by Makk et al. (1976). Cases 19 and 23 were observed at our clinic in Bonn
but details have only been published for case 19 (E.U. in Leidech and Mersrelier 1977).
in reviewing the literature we could not trace cases 37—40. 43, 50, $1, 5367 and

C, F and H. According to the latest annual report of the Staatlicher Gewerbearzt,
Diseldorf (Reini et al. 1978), the number of deaths from VCM-induced ASL in the
Federal Republic of Germany had increased to 16 by the end of 1978, to which we
now add a 17th cxse (Figs. 8 and 9).

[n retrospect, it was discovered that the first case of VCM-induced ASL had aiready
occurred in 1955 in a Canadian polymerization worker. For the 67 VCM polymeriza-
tion workess for whom details were available, total years of exposure ranged from 4 to
3] years (mean and median 18 and 19 years, respectively). In comparison, mean dura-
tion of exposure in our group of 17 individuals with sdvanced nonmalignant liver dis-
sase (see Table 11) was 10 3/4 years (range: 3 1/2-21 yesars). The latercy period
(years from first exposuce to diagnosis of ASL) ranged from 9 1o 38 years (mean and
median: 21 years). The average age at diagnosis of ASL was 50 years (range: 3771

. yesrs).
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Table 15. Publications on the 68 cases of angiosarcoma of the iiver listed in Tables 13

and {4

No.

Relerences

Additional relevant information

—_ OO0 QWL A LI

19

20
b3 |

-

22
23
24

25

26

Hubiet et al (1977

Delorme and Makk
(1978)

Makk et 3l.(1976)
Delorme (19782, b)
Delome and
Thénaulr (1978}

Schmid: and Bdiora
{1976}

Lange etal (1974b)

Gedigk et al. (197S)

Gokelet al, (1976)

Amann(1975)
Riibsamen (1976)

Reinl et al. (1976)
(Qbserved in Bonn)
Reinletal. (1976)
Reinlet a). (1977
Reinletal (1977)
{Observed in Bonn)
Ravier et at. (1975)
Roche et al. (1978)

Rery et 2. (1976)

Hy pertrophic. hyperchromativ and ao pical endothe-
lial cells in the glomeruli; foci ot huematopoctic cells
in liver and spicen

Case no. 7. ASL associaled with hepatovelluiar
carcinoma (Delorme 1978b)

(Al cases from one plant in Shawinigan. district
Trois Riviéres, Quebec)

At the same plant: 4 cases of VCManduced cirrhosis
of the liver plus 1 case of cirrhosis and generalized
reticulosarcoma and <4 cases of carcinoma of the Gl
tract or lungs

See aiso Rein/ and Weber (1974)

See aiso Reinl and Weber (1974)

Foci of haematopoesis within the tumour areas

1974 portocaval anastomosis: cholecy<tectomy.
Hype-trophic. hyperchromatic and markedly atypical

end:ielial cells in the glomeruli and in the capillanes
of the lungs

Moderate hepatic siderosis: chronic fibrosing pencrea-
ritis: tubular and interstitial (ibrosis of the resres

Focal interstitial fibrosis of the pancreas

See also Berrod et al. (1978)

[ 942 gastrectomy. 1974 splenectomy. right hepatic
iobectomy (640 g). See also Roche (1977): Puech et
al. (1977): Bonneron et al. {1975 1977), Berrod et

al.(1978)

No autopsy (see also Berrod et al. 1978)

BLZZt 14N

Viayl Chl.

Table 15«

No Re:
7 R
28 Reo.
29 Ro/
30
;é } Ber
33
34 Le
3s Sne.
36 M.
' 37 -
38 -
39 -
40 -
41 8y
42 Bvr
43 -
44 8L
(ca~
45 Bio
(ca-.
46 Bi
(cd-




crefler

s 13

wothe-
vells

rhons
Pxa-|
= Gl

rypwal
willanes

wpatic
wek et
e.ud ot

Vinyl Chioride-Associated Disease *®

Table 15 1conunued)

Xo. Referenyes Additonal relevant wmtormation
27 Roche ¢13i.11978) Chronw alvohol. See alto Racihe ( 19771 Puech et
al. (1977): Berrnd €2 2L {1978)
23 Roche et gl (1978) First symptom veriebral and costal metastases. Rughi
hepatic iobectemy. See also Roche 11377), Puech €t
Al (19T Piiichowski 2t al. \1979); Coudere 21 al.
(1976), Berrol 1 3. (1978}
29 Roche et al {1978) 1960 scierodermalike skin induration (hands), swell-
ing of face, upper exiremities and (ees. 1971 bilaterai
scroosreciyns. Tumout penetration of the abdominal
wall (fistula). Severe interstitizl fibrosis of tesres:
fibrosis of interstitial wail: slight mesangial fibzosis of
glomeruli. Vanable but generally slight fibrohyalinosis
of arterial and venous vessel walls (skin. heart, fungs.
intestine. testes)
30
3
3t Berrod ¢121.11978)
33
34 Lee and Harry (1973)
3¢ Semith et 2. (1976b) Latency period { 1st exposure = death) only 8 years
{see aiso Fox and Collier 1977)
34 Maltoni {1974}
as - .
38 -
k3 -
40 -
41 Byrén and Holmberg (1975)
42 Byrén et al. (1976)
43 -
44 Bilock (1974) 1965 portocaval shunt. | 970 cholscystectomy. See
(case 3) also Felk 4t sl (19742) (cam 4); Whelan g2 2. (1976)
(case 1)
45 Block (1974) o sutopyy . See also Creech and Johnson (3974);
(caoe 2} fdk st ul. (1974a) (case 3); Whelen ot o}. (1976)
{case 2); Alekk et al. (1976) (case 6)
46 Block (1973) Ses atyo Falk et at. (1973a) (cam S); Mekk et al.
{case 4} {1976) {case 10}
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Table 15 (conunued)
No. References

Additional relevant information

47 Block (197 Sce also Falk et al. ¢ 197401 tvase 2): Makk et al.
{case }) {1976) (case 1)

48 Block (1973) See also Falk et al. (197430 (cace 1): Makk et 2l

(case 52 (1976} (case 2)

49 Block (1974) See also Falk et al. { 19730} ecasc 6): Whelan et 3l
(case 6} (1976) (case 4); Makk et al. (1976) (case 14)

50 - .

51 -

52 Whelan et al. (1976) Chronic alcoholic. See also Alakk et at. (1976) (case
(case 3) 13); Berk et al. (1976) (case 2)

5367 -

68 Zorica et ai. (1975) Among a work force of 18020, PVC polymeriza-

tion; 60, production of VCMi emploved art this plani,
15 died of malignant disease (2 ASL. § bronchogenic
carcinomas. 1 case each of carcinoma of the laryn.
nb, mamma. spermatic ¢cord; ghoma, melanosarcoma.
leukaemia, Hodgkin's disease)

First exposure to VCM for these 67 cases of ASL dated back 1o the period 1939-
1966 (median: 1951). Twenty-one years later, i.e. from 1972 oenwards, a gradual in-
creasz in the number of new cases diagnosed and reported to NIOSH can be observed
(Fig. 7). The onset of this gradual increase coincides with the calculated mean latency
period of 21 years (Spirras and Keminski 1977). Spirtas and Kaminski also suggested
that in future cases the age at diagnosis and the length of the latency period may in-
crease as a result of the later reduction in levels of exposure.

From the synopsis in Table 13~18 it can be seen that in about two-thirds of the
cases of ASL for which morphological details are available varying degrees of associat-
ed hepatic fibrosis in nontumarous areas of the liver were mentioned. Less often, evi-
dence of porntal hypertension and splenomegaly were noted. Metastasis of angiosarco-
ma to distant sites was observed in approximately half the published cases. It is of note
that acroosteolysis and cutaneous stigmata of scleroderma have been observed in only
1 of these 76 patients, s French PVC worker who had apparently not been engaged
in reactor cleaning (case 29; Roche ot al. 1978). Another noteworthy piece of informa-
tion is that strikingly atypical endothelial cells with hypertrophic and hyperchromatic
nucief have slso been found in organs other than the liver (kidneys, lungs) in sutopsy
material from two patients (cases ] and 17, Hubler et al. 1977, Ribsamen 1976).

Hubiet et al. (1977) aiso found such calls in the myocardium and in the adipose tissue
snveloping the sdrenals. All this may lend supporct to the ides that the effect of VCM
metabolites is not restricted to the vascular endothelium of the liver and spleen. Angio-

L2z M0
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Table 16. Personal data on eight cases of INFOSArcOma of the liver among VCMx.

g;se.ad) :‘momlel not employed in PVC producuon (as reported to NIOSH dy August
’ .

Date of Total
. Birth dage  death Ageat  vears Job

No. Couatry rm’dAy) midey? ésath  =xp classification

A D3 07.16.30 10.10.73 =3 13 Louding pesticide sans
with VOM propettant

8 D6} 05.09.36 12.16.74 38 s Assistant factory
chemist

.C GB¢2) 0908123 12.00.70 58 It Pouring PVC oil mix-
ture onto fabric bases

D N 06.15.3+  04.16.71 36 3 Fabrication of PVC

sacks and wrappings
(extrusion at tempera-
s of 120°C)

E S12) 11,2711 08.16.71 61 3 Assistant factory chem-
ist (production ofVCM)

F USA(1$) 00.00.25 02.15.713 47 ” Accountant 3t plant
producing M'VC fabric

G YU 11.1531 07.12.73 42 18 Production of VCM

H YU 122131 01.11.78 15 =2 Production of VOM

2 Update of NIOSH register, August 1978, prepared by Keminski 25 in Table 13.
00. data net svailabie

»

sarcoma arising from the kidneys or other types of malignant renal neoplasms, how-
evar, have not been described in VCMexpowd individuals, sithough malignant nephro-
blastoma hat been induced in experimental animals.

The extremely rase coincidencs of sngiosarcorsa and hepatocellular carcinom was
found in thres instances (case 7, Deiorme 1978b: case E, Svrén and Holmbery 1975,
and a case not included in the 1978 NIOSH update Tamburro et al. 19782). In the
case reported by Tamburro et al. chronic sicoholism may bave piayed s cofactor role
in the development of liver cancer. We can now add 3 fourth case observed in 1978 at
the Department of Medicine ia Boan (see Sect. 4.1.5 and Fig. 3). This patieac (patient
9in Tabie 11), s PVCpolymetization worker (total pesiod of exposire: 18 years) was
first admitted 10 our department in Februaty 1978 and was found to suffer from atyp-
ical cirthosis of the liver with portal hypertension, splenomegaly and Raynaud’s phe-
nomenon. During followup ASL was clinically suspected but could not be confirmed
during fife, despite axploatory laparotomy and getierous surgical biopsies. The patient
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Table 18. Putlicationt on the eight cIses of INEIASITCOMS Of the liver fisted in Tables
16 and 7 :

No References Addinenyl refevant information

A Rein? and Weder 1967 wlinpathuc portal hypertension: portocaval
11974 shunt

8 Zivrmermann and Eck 1973 nght heminephrectomy for unitate-al hydro-
11975 nephrosis assoc:ated with bilateral Jeubie kidney.
Rewni (1979 Foct ol hucmatopoetic cells in spleen and kidney .

Fibrosis of the pancreas. Slight fibrosis of testes and
of the small intestinal <erasy

Maltoar ¢ 1974 Autopsy” angiomatous spulis. Angiosarcoma involy-
ing liver, lungs and pencardium. The pencardium
might have been the primary site!

E Bvrén and Hoimberg Probabie coexistence of a hepatocetiular cancer of
(1975) both low and high grade differennation

F

G Zornica etal. (197%)

died on 7 August 1978, after a massive haemorrhage from oesophageal varices. Autop-
sy revealed both multicentric metastasizing angiosarcoma and hepatoceilular carcino-
ma of the liver as well as sdlight fibrosis of the pancreas (to be published in detail).

[t is st unexplained why hepatocytes are genersliy exampted from the carcino-
genic effect of VCM metabolites but, as predicted by Popper in 1975, three anecdotal
cases of hepatocellular carcinoma, one German (Gokel et al. 1976) and two British
PVC workers (Fox and Codlier 1977), have now also been observed aftes exposure to
VCM. It may de mentioned that a review of the distribution of primary liver cancer
in the Province of Quabec covering the period 1969~1972 showed a preponderance
of adult male cases in urban areas clustered in the district of Trois-Riviere in congru-
ence with the distribution of the plastics industry, a coincidence which calls for
further investigution of a possible exposure to industrial carcinogens (Jecod and
Theriauir 1975). .

Not included in the NIQSH register are several anecdonl cases of AST, capillary
and cavernous angiosarcoms of the liver and hasmangiosarcomatosis of sites other than
the liver, for which a relstion to occupstional or even possibly residential exposure to
VCM has been discumed (Norig ot al. 1977; 8rady et ab. 1977 Do et al. 1975; Wil
ndfer and Zinnag! 1977). .

Although of undstermined relevance, it should finally be mentioned that, in addi-
tion tu hepatic fibrosis, varying degrees of interstitial fibrosis of the pancreas wers
noted at autopsy in four German workers (cases 19, 23, B and the above-mentioned

p2Z74 WN




v b meat,

2N o RoTag -
“5:_’5;-’;:{ - ) 74 W.K. Letbuch and H 3 Marstelier A
’,r’” % ; :J 3 patient with both angiosarcoma and hepatoceliular carcinoma). Fibrosis of the testes o
'r'x!‘-j,.?;né was observed in three cases (19,29, B), and Roche et al. (1978) akso reponied fibrosis/ b
Solera (U hyalinosis in vessels of skin. heart, lungs and intestinal wall. ar

REG pi
¥ J.,?l?;:% CUMULATIVE . g

o N$ OF CASES pr
IR R REPORTED TO NIOSH or
g AR 70 \ .
S SRR §8 — T
RS “ : ‘
[Ny . [ 33
4 Y ¢
wagreTs & o —— be
(AR S8 . 7 ar
<.,..-3I'.' “lr' . ) : : [l -
T ey 8 : : - me
EN2 0t 21002 2 1 st
F "F"’ d [s] )
b ;‘. :: ) i to.
¥ 4 ,--‘x N “ : { _l' rder
; B @ A e
i tul
b s 3007 -+ Wi x
“‘3» Ag 36 any
:,:; (‘a‘) ‘: ;; - in
Brgentey! 30+ na
2 »-;:; 73:: j i M . ::t
- ;” 52 2 [ N—— :
b BE : S
"E‘;,-'liv‘r ¥ 6 : . . il
o ed 4
L 10 3 X
] vy : ’i" I P [ N
i . ~taE 4 4
. L i - _’_-
R R —
‘)', » g 1 E’" 6’- e —— . - g
b= i 1955 1980 1963 1970 1975 1976
EE R gL year of disgnesis
. AR Fig. 7. Cumulative numbes of cases of ASL among PVC production workess reported
., N to NIOSH up to August 1978, aranged according to year of diagnosis (data from
SR ’ Sprreas and Kaminsgki 1977, 1978) .
. - L:’ v 2 k
C e 432 Clinical Manifestations
g R The clinical symptomatology of usually axlticentric ASL is unspecific. Gradually de-
AR SN clining general health and loss of weight combined with fll-defined upper abdominal
N k discomfort and slight epigastric or right upper quadrant pain are usuatly the first
‘4R . symptoms. Recucrent bleedings from cesophageal varices may have been antecedent
P . events in patients with portal hypertension who otherwise felt fairly well. In a number Unis
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Vieyt Chlonde.Assoviated Disease T3
of cases, the tumour first came to strention with massive. often fatal. incraperitoneal
haemorrhage. imporant tender hepatomegaly (hepatosplenomegaly), slight jaundice
and occasionally development of moderate ascites and oedema were observed. Except
tor mild 1o moderste hyperbilirubinaemia. some elevarion of serum levels of alkaline
phosphatase and gammagiutamy| transpeptidase and only slighdy abnormat levels of
Serum transaminases, the spectrum of biochemical tests is hardly revealing. Alpha-teto-
protein determination has not been helpful in the diagnosis. Ultrasonography. scinti-
graphy, hepatic angiograpiy and, notably, compurer tomegraphy of the upper abdomen
are the diagnostic procedures of choice if ASL is suspected.

A technetium-¥97 Jiver scan visualizes intrahepatic tumour defects (Biersack et al.
19775} together with abnormal splenic fixation, but peripheral defects of uptake may
be difficuit to interpret (Whelon et al. 1976). Characteristic festures of angiography
are 1 normalsized hepatic antery with poasible displacement caused by wumour eniargs-
ment. 3 certain degree of central hypervascularity of the tumour, 3 peripheral tumour
stain, and puddling of contrast medium persisting into the late venous phase. In addi-
tion, varying degrees of peliosis hepatis may be observed in some cases. However, even
repeated hepatic angiography my {ail to confirm the suspected diagnosis, as was evi-
dent in one case reported by Rochie et al. (1978).

The example of 2 54.year-old polymerization worker who died of metastasizing
angiosarcoma of the liver in February 1980 may serve 1o illustrate the clinical course.
In 1972/73. after an exposure of 18 years’ duration, we found him to suifer from Ray-
naud’s pnenomenon and soncirrhotic porzal fibrosis and portal hypertension with sple-
nomegaly and maderate thrombocytopenia. Despite termination of exposure, thers
was progressive spienomegaly and development of massive oesophageal and gastric

i - N —

Fig. §. Compumnr tomography showiag s large. irregular, angiosarcoma of
the liver invoiving both lobes. Courtesy of Professor Thurs. Department of Radiology
Univessity of Boan
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B W.K. Lelbach and H.J. Marstetler \

varices dufing the following years with repeated episodes of bieeding whicli required
(successtul) sclerosing therapy (major surgery was declined by the patient). fn August
1979 hie presented again with recurrent epistaxis and slight but permnanent epigastric
and upper right quadrant pain, but declared that hs felt otherwise fairly well. He com-
Plained about a sharp localized epigastric pain on sneezing. There was marked spleno-
megaly, and an ill-defined hard mass was palpable in the epigastrium. Apart from mod.
erate elevation of alkaline phosphatase and borderline hyperbilirubinaemia, biochem-
istry was normal. Computer tomography showed a large jrregular hypodense tumour
mass in the liver, involving both right and left lobes (Fig. 8). which became practically
isodense after intravenous injection of contrast medium. A liver scan corroborated the
tumour defec:. Shortly after this there was mounting evidence of brain involvement
and rapid deteriorauon. Computer tomography now revealed multiple brain metastases
(Fig. 9). Autopsy confirmed the tentative diagnosis of metastasizing angiosarcoma of
the liver (Fig. 10).
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Fig. 9. Computer tomography showing muitiple brain metastases of angiosarcoma of
me’liver. See text. Courtesy of Professor Thum, Department of Radiology, University
of Bonn

433 Peritonecscopy

Little information is availsbie in the literature conceming the peritonecscopic s pect :
of VCM-induced ASL (Rocke et al. 1978). It may be impossible to make a diagnosis of Fiy
the initial phase of ASL in VCM-exposed workers by peritoneoscopy and needle biop- Gul
sy of the liver, as documented in one of our patients who died of multicentric ASL
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78 . W.K. Letbach and H.J. Marsteller

11 months after peritoneoscopic diagnosis of severe hepatic fibrosis (case 19:see also
Letbach and Marsseller 1977). In addition to the findings described in connection with
hepatic fibrosis, thete may be hypervascularized or cystic tumour formation visible on
the surface of a nodular, quasi<irrhotic liver, or 8 gross aspact resembling hepatic me-
tastases if the vascular malignancy involves the superficial regions of the lives. It should
be stressed here that nsedle biopsy is absolutely contraindicated if there is any suspi-
cion of ASL.

434 Gross and Histological Morphology

The liver is usually markadly eniarged. Liver weight in cases of ASL ranged from 1609 to
7300 g (Thomas and Popper 1975 ; Roche et al. 1978). The gross appearance of sngio-
sarcoma of the liver is mostly that of large bulky . irregularly shaped cystic tumour
masses; a multinodular form with numerous, sometimes umbilicated nodules, is less
often encountered. Extensive haernorrhagic and necrotic areas or solid and spongy por-
tions of tumour tissue replace much of the liver parenchyma. Rupture of large cavern.
ous cysts may cause fatal intraperitoneal haemorrhage.

Thomnas et al. (1975) and Thormas and Popper (1975) distinguished four basic devel-
opmental patters of histomorphology of ASL, which can be found in different por-
tions even of the same tumour and appear to represent stages of progressive evolution:
sinusoidal, papillsry, cavemous and anaplastic patterns. Indistinct areas of transition
and merging of patterns can be observed.

Dilated sinusoidal spaces lined by hypertrophic and hyperphsnc sarcoma cells with
pleomorphic, elongated, hyperchromatic and often bizarme nuclei characterize the
sinusoidal pattern, which is the most frequent type. Tumour cells of varying differen-
tiation envelop liver cell plates snd may invade enlarged and fibrosed portal tracts, ac-
companied by proliferation of bile ductules (Fig. 11). In papillery angiosarcoma atro-
phy of liver cells results in larger and more irregular blood-filled vascular spaces, into
which loose papillary strands of surviving hepatic cords on an axis of connective tissue
project, lined by sarcomatous cells (Weindren 1976). Even larger blood-filled spaces
are seen in the cavernous ty pe, where they may be surrounded by thick fibrotic walls.
In 2 smaller percentage of cases, solid areas or nodules of anaplastic sarcoma are found,
resembling solid spindle-cell sarcoma, 07 even suggesting an epithelial rype of tumour.
Gedigk et al. (1975) also observed a reticulosarcomalike pattern. The differenciation of
the tumour cells varies widely : it ranges from the inconspicuous endothelial lining cell
type to irregularly shaped, gromly distorted giant-cell forms. Morphologically, vinyl
chiorideselated ASL cannot be distinguished from ASL associsted with other aetiol-
ogical factors or from the cryptogenic type (Popper et al. 1978).

In nomourfree porvions of livers with angiosarcoma widely varying degrees of ex-
cess formation of fibrous connective tissue are usually observed, analogous to that seen
in nontumorous livers of heavily exposed persons. Fibrosis of enlarged portal tracts
with modest proliferstion of bile ductules, mostly only scanty infiltration of lympho-
cytes and occasional formation of perilobular septa or thin connective-tissue septa ex-
tending into the lobuisr parenchyma can be found. A more or less conspicuous intra.
lobular, perisinusoidal fibrosis is often detected only by special staining methods for
collagen or reticulin fibres. As a rule, irregular focal or nodular fibrotic thickening off
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Fig. 11. Angiosarcoma of the liver (upper perr of photomicrograph) invading sdjacent
liver parenchyma (case 14 = D1 see Tabie | 3). Note hyperplastic and hyperchromatic
nuclei of proliferating neoplastic lining csils enveloping hepatic cords. Reproduced by
permission. Ann NY Acad Sci 246: 278285 (1975). Courtesy of Professor Gedigk,
Instirute of Pathology, University of Boan. H & E. x 250

of Glisson's capsuie is preseat: these flbrotic capsular areas may extend into the under-
lving parenchyma and may connect with adjacent enlarged subcapsular portal tracts.
The ceflular snd suclesr size of hepatocyres may vary widely; proups of binucleated
or even muitinuciear parenchymal cells with sbundaat eytoplasm are seen. Focal pro-
tiferation of sinusoidal lining cells ny be encounvered, especially within foci of sinus-
oidal dilatation.

In connection with conspicuous sinusoidal dilataton, two types of focal hyper-
plastic precursor lesions ware deseribed by Popper et al. (1978):

1} Poorly circunmcribed fod of hyperplastic, often binucieated hepatocytes with
increased number of various tnuscidal lining cells and only insignificant increase of
reticulum framework.

2) Almost nodular areas of conspicuously hyperplastic snd hypertrophic hepato-
cytes with more pronounced variation of markedly increased sinusoidal cells without

degeneration or aecrosis of ver parenchyma, but accompenied by excess formatioa of
reticulum framework and compression of surrounding pareachyma.

The traasition of sinuscidal lining cells to angiosarcoma cells is characterized by in-
creasing stypis snd anapiasia of thess proliferating endothelial cells accompanied either
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by formation of excess connective tissue or by accentuation of sinuscidal dilatation
leading 1o primary peliosis, Involverent of portal areas in the evolution of angiosrco-
ma results in considerable fibroplasia and formation of hyalinized collsgen together
with proliferation of bile ductuics. In occasional cases connective tissue bndging be-
tween portal tracts or between portal tracts and central veins with subdivision of lobu-
les followed by rearrangemeat of hepatocytic plates may lead 1o a cirrhosislike picture.

435 Therapy

The multicentric development of ASL (Thomes and Popper 1975) as well a5 the dif-
fuse sprad of the tumour usually encountered by the time of diagnosis prectudes ef-
fective surgical or radiation therapy in the majonity of cases. A survival period of two
years after surgery (Berrod et al. 1978) or chemotherapy (Dannaher et al. 1979) is a
rare exception. Results of systemic chemotherapy studied in a small group of five pa-
tients showed that, at best, quality and duration of survival may improve to 3 very
limited extent (Dannalier et al. 1979). At present, no generally accepted guidelines for
chemotherapy are available.

436 Risk Assessment

When in the United States 13 white male cases of ASL had been detected from 1961
to May 1974, among an estimated total population of VCM polymerization workers of
roughly 20 000. a risk ratio (ratio of observed to expected cases) for this population of
at least 400:1 was calculated (Hearli et al. 1975). This calculation was based on data
from the National Cancer Institute’s Third National Cancer Survey (1969-~1971).
which expected for the total United States population an annual incidence of this tu-
mour in the order of 0.014/100 000. This would have meant only about 0.03 cases per
20 000 polymerization workers within 2 10-year period. Dose-response and attendant
bictransformation data on experimenta! animals have since bees used to elaborate sev-
eral different models of extrapoiation to man. Thess were calculated with refetence to
relative body surface areas, for estimating the risk of ASL in human populations ex-
posed to VCM and for establishing guidelines to assist the research for ‘realistic safe
doses” that do not affect the average lifespan of a person exposed (Schnciderman et al.
1975 Gehring et al. 1979, 1978: Woods 1979). Gehring ¢t al. (1979) consider a3 probit
percent model to be a reliable tool for risk prediction, which works without the assump-
tion of a threshold. They predicted a cancer risk of 1.5 cases of ASL in 100 000 000
workers on exposure o the current National Standard in the United States of 1 ppm
VCM 8 h/day, 5 days/week, for a 35-vear working life, an incidence which does not
significantly deviate from the spontaneous incidence rate. A linear model modified by
adjustments for differences in the rate of inhalstion, distribution. metabolism, cell

and tumour iatency times between rats and humans was described by
Woods (1979). This mode] arrives at an incidence of 3.9 cases per 100 000 000 workers
after a lifetime sxposure 10 1 ppm. Much controversy, however, about the validity of
risk extrapolation from animal experiments to man snd from high- 10 low-level expo-
surc and the problem of threshold dowses has been voiced (Margh 1978 Hovper et al.
1979: Schineiderman 1979; Weigert 1979:Rcitz et al. 1979).
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Rasults of 3 recen: survey by Brady et al. (1977) indicated that for New York State
(excluding New York City), a highly industrialized area. the annual ingidence rate of
ASL during tlie 6«vear period from 1970 through 1975 was 0.25 per million residents.
This considerably exceeded the national averag2 rate of 0.13 per million per year in
the United States. In 3 concomitant case<ontrol study. 26 patients with lustoiomeally
confirmed ASL were found in the study area (rom 1938 to 1975 and 7 of these had
had documentied long-term exposure to either As. ThO. or VCM. Five (all female) of
the remaining 19 parients lived a1 3 distance of S00—34500 feet from VC 1abrization or
poiymenzaton facilities for long perivds. No pertinent exposure or residential history
was obtained from the other 14 patients. Discharge of unreacted monomer into the en-
vironment as result of losses in the PVC production process was estimated to have ex-
ceeded 200 million pounds annually, most of which escaped into the aunosphere with
lesser amounts dissolved in water effluent (Schwetrzer 1975). Conceming the order of

‘magnitude of ambient exposurs beyond the work place. i.e. outside the industrial set-

ting, an average annual exposure concentration of 17 ppb was estimated for the 4.6
million persons throughout the United States who resided within a $-mile radius of
vinyl chioride emission sources (Kuzmack and McGaughy 1975). If the risk assessment
mode! elaborated by Woods (1979) is applied to this population of 4.5 million people,
the estimated incidencs of angiosarcomna per year would not be above expected back-
ground levels, :

+3.7 Morstality and Cancer Morbidity Studies

For a tumour disease a5 rare as angiosarcoms of the liver even quite smalil increases in

hazard over. background levels should be detectable (Doff 1975). The situation with

the conunon types of cancer is far more Jifficult. Since 1974 a number of mortaiiry

studies of VCM<exposed populations have suggestad that in humans iong-term expo-

sure to VCM may also be associsted with cancer of sites other than the Liver. nowbly

the ungs, and the lymphatic and central nervous system (Aonson et al. 1974: 07 ot .

al. 1975: Tabershew sod Gaffey 1974;Nicholson et al. 1975; Wagoner st al. 1976: .

Waxwetler a1 al. 1976 Nichoson 1977; Buffier o1 al. 1979). Epidemiological studies L

of British workers failed to confirm this suggestion (Duck et al. 1975: Duck and Carrer o

1976; Fox and Collier 1976, 1977), 1 did a prospecuve study of 3 VOM/PVCx-

posed cobiort of 1618 employees of 3 West German chemical plant (Frenrzch-Beyme )t'

et al. 1978). Crivicism of design and inwerpretation of some of the studies has been

woiced (Falk et al. 1974b; Purchase snd Williemson 1974 Reger 1977 Dakderup 1978 .

Berry and Rossiter 1976). A follow.up of all YCMexposed persons (750 traced) ever Ry

employsd at the coe Swadish factory, which started operation in 1945, for mortality M

and cancer morbidity pacterns revealed 2 fourfould excess of pancreas/liver tumours p

but no deviation in the aumber of brain tumouss from the expected ievel (5)7én et al. § |

1976). '
in addition to the thiee extensive. mortality studies of Tebershaw snd Gaffer '

(1974). Wexweiier ¢t al. (1976), and Fox sad Collier (1977), 2 fourth comprehansive . :

epidemiclogical study (Rein! and Webder 1976) was completed in 1977 by Reinl et al. LR

(1978). which includod three study populations from 1] VOM- and PVC-praducing AT
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through 1974: (3) 7021 workers engaged in the production of VCM and PVC; (b)
4910 chemical workers from the same plants not exposed to VCM: and (c) 4007
workers engaged in PVC manufacture, Not included were non-German workers of
Mediterranean origin. This German study permits comparison not only with the mor-
tality ratio of the total male population but also with a comparable occupational
$roup exposed to VCM. With regard to the ‘healthy worker effect” (Mc.Michae! et al.
1975), overall mortality was elevated for the VCM-exposed population (group a). but
not for the other chemical workers {(group b). Apart from the markedly elevazed stan-
dardized mortality ratio (SMR) for malignant liver tumours (1 523), which proved to
have been closely related to the duration of exposure,a significanuy elevated SMR was
found for tumours of the lymphatic and haematopoetic system (2 '4). The group of
chemical workers not exposed to VCM (b) also showed 3 significant elevation of the
SMR for liver tumours (401), a result that deserves further investigation. No signifi-
cantly increxsed risk was found concerning tumours of the central nervous system

of the respiratory tract. :

It has aiready been mentioned (Sect. 2.2.10) that an excess morrality from brain
tumours (SMR 535) was recorded among PVC workers engaged in manufacture at one
of two plans: in the second plant an elevated SMR (434) for Tiver tumours was found.
At present, there is no explanation for the increased SMR for accidents found in the
VCM-exposed population, particularly during the period 1970 through 1974, about
40¢% of deaths having occurred in ex-PVC workers. A recalculition of the available data
would have been necessary for the evaluation of 3 caaceivable influence of VCM on
vigilance.

As an addendum it may be noted that determination of plasma carcinoembryonic
antigen titre (CEA) in 200 Canadian PVC production workers (mean duration of em-
ployment: 10 years) showed a more than threzfoid higher frequency of levels above
10 ng/ml than in a normal healthy popslawon (1.7% vs. 0.5%) (Page et al. 1976).
Leveis of CEA were also determined in 1383 workers of five &¥{ferent VCM polymeri-
zation (3) and PVC processing (extruzion) plants (2) in the Daited States (Anderson et
al. 1978). After removal of possibie confusing factors (smoking, sicohot intake, past
medical history), it emerged that the distribution of CEA titres among the polymeriza-
tion workers was significantly different from that in the extrusion plant group and in
a nonexposed reference group. Significant differences were also found for two of six
job categories examined (polymerization and minienance) compared with extrusion
workers and the reference group. However, tive usefulness of rive CEA titre as 2 predic-
tive indicstor of possible increased risk seemns doubtful.

44 Mixcellaneous Aspects
44.]1 Thrombocytopenia and Platelet chdon Tems

Thrombocytopenia in chronic VCM intoxication was first mentioned — rather paren-

thetically and without further comment — in 2 psper publisived by Anfonyuchenko in
1968, Later Jihe et al. (1973) noticed that each of the first 13 autociave cleaners re-
ferred to them during 1972 from a West German piant because of suspected tkin and
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