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1 Introduction

The history of vinyl chloride-associated disease, its recognition and prophylaxis is a
classic example of shutting the stable door after the horse has bolted. It shouid help to
emphasize the need to shift our attention to preventing exposure from oceurring rather
than to reparative measures. In view of the large aumbcer of new and potentially hazard-
ous chemicals introduced each year into the workplace and the environment, this ac-
count should again alert us to the necessity of pretesting chemicals adequately for
their potential health effects, even at the risk that technological progress will dewelop

at a3 more modest rate.
Largescale production of the synthetic resin polyvinyi chloride (PVC), a thermo-
plastic material suitable for the most widely diversified industrial um, was begun
around 1930 in the United States and in Germany. The monomer, vinyl chioride
(VCM), a rather simple aliphatic compound, was believed until the early 1960s to be
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* \farsreiler Vinyl Cilonde-Associated Disease 3

ad one of the least harmiul chlorinated hydrocarbons. Early ammal expariments. as it
Iater turned out. had indeed been carned out with domges sufficiendy high for the

:'; evaluauon of acute effects. but chronic exposure had not be=n of sufficient duration:
19 to reveal its carcinogense propernies. On purely theorencal grounds, however, one

0 might have continued to {eel uneasy with this compound as 3 pollutant of the work.
si place. considering that it is (1) 3 hajogenated hydrocarbon which () xists in its

81 vapour phase under ambient cond:uons (inhalauve exposure) and (3) contains 3 highly
£ _ re3cuive double-bond.

:: Today vinyl chloride-associsted pathology is well documented. A large body of in.
s formation and data on tus topie has besn accumulated, notably sincs 1974, but pre.
5% cisely a quarter of a ceatury had to pass belfore the full ange of symptomatoiogy at.
57 tnbutabie to this new occupational health hxzard became recogruzed in January 1974
gz with the shocking discovery that hasmangiotarcoma of tha liver occurred in produc.
% tion workers heavly exposed to PVC. Early and not easily accesuble reports suggest.
1% ing that the monomer rmught be an environmencal csk for workers handling this com-
30 ) pound did not alert the experts sufficiendy. The earliest indication of adverse efTects
$0 ' in workers engaged in the production and proceming of PVC, a Rutsian study pub-

i lished in 1949 (Tridukh et al, 1949), recrived Uttle attention.

:: Ultimately, it was the exceptional character of the thres major lesions which oc.

3 curred in workerns exposed to VC)M that contnbuted most to the final apprecuanon of
85 a causal relationship: (1) the syndrome of acroosteolysis, Raynaud's phenomenon and
& pseudosieroderma: () non<irthote portal hypertension; and (3) angiosarcoma of the
. liver. Panticularly, the discovery of a cluster of four cases of this extremely rare malig-

nancy among 3 comparatively small group of workers (Creech st al. 19742) was an
1) alarming cxperience which called for immediate action. It ean eacly be inagned that
a conaection berween VCM and the more common malignancies, such a3 cancsr of the
lungs or the gastrointesunal tract, mught sull have gone unnonced. On the other hand,
n. | Pormi the prolonged latency periods of both non<irthote portal hypertension and angio-
/ “an fe sarcoms of the liver, roughly 10 and 20 years respectivaly, delayed the recognition of
‘ these two fatal conssquences of chronic exporurs to VCM. But one can hardly escape
the conclusion that Viola's discovery of cancer in experimental animals, presentsd at a
_cancer meeting in Houston in 970, was sufficient evidence {0 indicate that exposure
[ VQM w33 3 very serious occupstional hazard (Perers 1976).

1t should be stressed that the noxious agent is solaly the monomer, or (0 be more
. precise, an inwrmediate of the monomer’s meubolic bivactvistioa, which takes place
-‘::::d; to mainly in tie Mammalian liver and yields certain highly reactive epoxides. The poly-

' wring rather merization products (FVC), ie. the solid plastic and the plastic consumsr goods fabris
tially hazard cated from the polymer, m;nmunymm-mmgowmmm
nt. this ace they contain unseacted residual manomer. Even the combustion of aticles mads {rom
-uiy for rve (therm.l decom; _%on in fires) does nor yie!d [ren ﬂnyl chlorids nionomeT; the
il develo toxicity of pyrolysis products of polyviny} hloride palymen snd formulitions b
' ’ hiinly dué 1 tha felrase of Kydiochlaoric scid and carbon mesoxide (Comish and

) " Abar 1969: Dye and Esch 1976;Sorenson 1976: Moser 1976; Colardyn et al. 1976)
h 4 thermo. and only very smail or fo quantifies of GROEFET derived from rasiduil monomer
begua (OMaru e1 2l. 1971 cited by Colardyn et ai. 1976).
+9601 to be
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F W.K. Lelbach and H.J Marsteller
2 Technological Details

2.1 Vinyl Chioride Monomer (VCM)

At standard (ambient) conditions of temperature and pressure, vinv! chiloride (CH, =
CHCL: chioroethylene, chloroethene) is a non.irntating, colourtless gas wath a faintly
sweet odour, inilammable at concentrations above 3.8% by volume i 3ir. which s
only shighty soluble in water, soluble in ethyl alcohol and easily soluble in ether and
carbon tetrachloride. VCM is mainly used as an intermediate in the manufacture of
plastics, as a refrigerant and in organic synthesis. It was formerly also emploved as 3
propeilant for serosoles. [t is eanly liquefied under pressure and is usually handled and
shipped as a liquid. Gaseous VCM condenses at ~13.8°C and 760 Torr (= 1013 kPa)
to 3 colourdess liquid of low viscosity (Lefaux 1966). Its physical properues are listed
in Table 1, the most important of which are its low boiling point, its high specific gras-
ity (gaseous VCM is 2.15 times heavier than 1ir), its low solubility in water and the
half-ife in air. ranging from 3 to 20 h.

Table 1. Physical properties of VAL

62.503
P "=13.8°C(~13.7t0 =13.9)
F p: -153.7°C
Flash pomnt: ~78.5°C (Cleveland open cup)
Limits ot flammability: 3.8%=29.3% by volume in ur abave «78.5°C
(= 38 000-293 000 ppm)
Auteignition temperature: 472°C

Vapour pressise: mm Mg 10 100 692 2300 2660
'c =375 =558 ~I5B +20 .28

Vapour density: 2.18 g/litre (calculated at 35°C and 760 mmilg

. (air= 1)
Sp. gr. of liquid VCM: 0.9121 at =20°C!4°C
0.99 at =28°C/a°C

Sources: Fairhall 1957 Insh 1963, Zapp 1964, Lefaux 1906 Oscermayer 1907,
Roubel 1972.

2.1.1 History

The French chemist, Regnauir (1835) was apparently the first to study systematically
the synthesis and analytis of vinyl chloride. Liebig, who had done some earlier prelim-
inary experiments, encouraged Regnauit 10 investigate this compound when Regraul
spent several months in Liedig’s laboratories. All compounds containing the vinyl
group (CH, =CH-) polymerize readily (Fairhall 1957). Spontaneous polymerization of
vinyl chloride 10 3 white opaque solid mass under the influence of sunligiit was first
described by Beumann in 1872; he also quotes 3 paper by Seyrser and Glinsky (who
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succeeded in decomponng vinyl chlunde to monuchloroaidehyde with the :1d of ovud-
\ung substances such as hy pochiorous acid.

~J.2 Preducuon of VEM

Large-scale commercial synthesisof VOM with a high vieid was made sossthle much later
by empioving two prinaple methods. the sesond having now largely replaced the first:

1) Conversion of acetylene to VOM by hydrochlorination:
CHaCH + HC] =~ CHy =CHC1 (catalvst: HgCl; on charcoal) (Ausrin 1974)

2) Conversion of ethylene by vapourphase or liguid-phase exychlorinstion to 1.2-di-
chloroethane and subsequent pyrolysis (thermal cracking) 10 VCM (Albrgir 1967a):

CH,=CH, «JHCl +1/20; = CH.Cl-CH,C1+H.0;

CH, C1-CH, 1 20 CSI0C | ey ecncr « HEY
pumuCs SV (oo rplysis: thermal sracking, Austin 1974).
VCM was usually manufactured in closed systems and stored in outdoor acilities.
Thus. any leakage of the gas was readily dduted in the ambient air. VCM concenrra-
tions in the aunosphere at some distance from manufacrunng plants were found to be
in the range 12 ppm, In ¢lose proumity, the concentration ranged up to 50 ppm
(IARC 1974). Spontaneous polvmenzation in ligiit has also been repeatedly observed
when VCM comes into contact with atmosphene air due to container leakage (Qsten
mayer 1967). A prerequitite for the polymerization process is a high degres of punity
in commereially produced VCM. Impurtues rerard the polymerization proces (Ls/zee
1966; Ostermayer 1967).

- In the early discusnon abour the cause of vinyl chloride-associated disease it was
conjectured that other compounds or impurities contined in prepolymerization or in
retrieved VCM might have been the eausative agentts) (Triess and Fersen 1973), Anal-
yies carried out by six West German manufacturers of PVC, howsver, showed that the
sum of all impunties (such as saturated or unsaturated hydrocarbons and their halo.
genares) was 0.01% by volume for prepolymerization VCM and 0.1% for retrieved un.
reacted monomaer. Only methyl chloride was found in concentrations of $0-300 ppm
in prepolymenization VCM and 100~500 ppm in retrieved VOM (in one instance only.
the concentration ranged between 1000 and 3000 ppm). But it should be kept in mind
that even 1000 ppm methyl chioride in VOM would mean, 3t $00 ppm VCM in air, 3
methy! chloride concentration in air of only 0.5 ppm. All other impurities (propylene.
isobutane, ndutane eic.) would then be in the ppb range. Besides, no significant dif.
ference in purity esuld be found berween VCM from acetylene and from ethylene.
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6 * W.K. Lelbach and H.J. Marsteller
22 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 polyvinyl chloride.

Vinyl chloride monomer is polymerized in large autoclaves (reactors) at tempera-
tures between 40°C and 80°C and pressures of 616 (8~12) atmospheres. Thre are
usually several reactors (up to 10-30) located in one building. The reactivity of the
monomet is & function of its double.bond. The second functional site of the vinyl
chioride molecule, the chlorine atom, does not react easily. The double-bond of VCM
is not only the site from which the polymerization originates but is also the source of
the toxicity and carcinogeniciry of this compound when it is being metabolized in the
body. The polymerization of VCM, which is a strongly exothermic reaction (Barnes
1976), is initiated with the 2id of compounds soluble in VOM that form free radicals at
relatively low temperatures, Initiators are such compounds as lauroy! peroxide, isopro-
pyl percarbonate, azobisdsobutyronitride, and others. The free radicals react with the
double-bond of the monomer, transforming it in tum into 8 free radical and thus prop-
agating the growth of a chain of molecules with a terminal free radical. Chain growth i
interrupted by saturation of the terminal free radical which often involves a reaction
between two growing chains (Malren and Zielhuis 1964 ; Lefaux 1966; Albrght 1967
a=cDomininghaus 1972 Slarer 1572). The random character of such termination
steps accounts for the production of chains of different length and hence different de-
grees of polymenzation, with molecular weights of the finished PVC being staustically
distributed around a mean vajue.

Commercial PVC polymerns have average molecular weights that vary from about
50 000 to 150 000 daltons (Afbright 1967b). Degree and velocity of polymenzation,
which are influenced by temperature and the concentration of initiatons. determine
the specif - t7pe of PVC produced (Frey 1973). During polymerization considerable
amounts «f the monomer are at first dissolved in the polymer, but most of this is later
also transformed to PVC as 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 tenninated, depending on the method used,
when approximately 80%-90% of VCM is polymerized. The timing of this termuna.
tion of the process is essential for the physical properties of the resins produced. The
heat generated during the exothermic process of polymerization must be removed to
keep the temperature of the reaction under control. Mechanical agitation aids in trans.
fernng the heat acros the colloidal system to the 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 continuous film or erust. This polymer erust
on the inner surface of the reactor vessel, which contains eavities filled with unreacted
monomer, impedes the conductance of heat; it has, therefore, to be cleaned away after
termination of the batch process (Bames 1976). ’

After completion of the polymerization process, the slurry is released from the re.
actor into 2 dump tank. Residual unreacted vinyl chioride monomer is partly solvated
in the polymer (about 10%); the remainder is dispersed in the water phase or is present
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in the vapour phase above the sturry. While a batch is 1n the dump tank. this unreacred
VC monomer is retrieved by pumping it off into 2 VCM storage tank. Retneved VOM
is then purified by subsequent distiliauon for recyeling purposes. Monomer solvated o
the t‘imsn..d polvmer cannot e:ml) be eum:t.d since ithasa smnfﬁ'ﬁmw for PVC

Waﬂ therefore, su].l contains cestun quanuties ot' unreacted monomer
{VKE 1975). Barnes (1976) reported that the polymer mn the slurry still contans 3p-
proxumately 500 ppm of vinyi chionde.

The slurry from the dump tank is pumped into a storage tank (blend tank) whick is
large enough to hold several batches of the product. The contents of the blend tank
are then pumped into a cenviluge whizh separates the wet solids {rom the water. The
wet polymer, 3 granular mas, is dried either in rotating tubular dryers or by spray-

. drying methods, the latter being used mainly for products formed by emulsion poly-

menzagon, ywiding a polymer which is similar 10 a very fine white flour. These very
fine solid parucies are fed directly into a spray«lrying column without dewatering. The
drving temperature should not exseed 60°C to prevent thermal decomposition of the
polymer. A cyclon separator at the exit end of the dryers removes coamer parncies.
The solid polymer particles are then sized by multipledayer sereens, airconveyed to
storage bins or nios and finally packaged for stupment (4 lbrigi: 1967d). The resultant

dried powder conuins about 50 ppm of monomer (Bames 1976). -

223 Methods of Polymerization

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

Suspension Polymerizanion. Polymerization is carmied out in an aqueous system in
which monomer droplers are maintined in suspennon by means of protective colloids
(such as polyvinyl alcohol, gelatin, submituted cslluloses) under heat and pressure in
conjuction with brisk agitation. Relanvely large polymer parvicies can be obtained by
thit method which ‘dry blend” well,

Emulsion Polymerizazion is the oldest technique, to which suspension polymerization
was added in the 1950s. The procens is timilas o that in suspension poiymerization,
except that large amounts of emulsifying ageats (such as soaps or other surfactanes)

are added. Emnulsion polymerization yislds resins of a very small particle size, The
emulsifiers cannot be completely removed.

Bulk (Mass) Polvmerizarion. [n this process VCM is polymarized in two stages without
the additon of other liquids. The two reactors are operated batch.wise snd in series,
The first reactor (3 ‘prepolymerizer’) provide for the initial liquid phase, while the
sacond one is used for agitating the slurry, which is ransfommed, through a sticky
solid state. to essentially dry particles undl the conversion from monomer to polymer
reaches a level of about 75%-307%. The resins obtained by bulk polymerization are
characterized by high purity and parniicls uniformuty, resuiting in an end-product of
good optical clarity.
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% Solution Polymerization. This type of precipitation polymenzation is carried out in | permit ti
s organic solvents such as n-butane or cyclohexane. It accounts for only 3 small percent. | in the p-

R age of the total amount of all PVC resins produced and it is uszd for the production of The:

Ty 2 Lol ek copolymers. Copulymers arc mixiures of comonomers (such as vinyl acetate. vinyl- clave va:

4, steanrate, vinylidene chloride. propylene, acrylonitrile etc.) and viny! chlorde, The co- ¢ walls (*p

g oY s monomers tend to improve flexibility and limited solubdlity of the product in sohents tors, had

’._a;gvﬁ, and exert an influence on the temperatures required for compounding. I degassed

g?ﬁ:_"_'._'_ 5 and larg

ﬁ 223 Compounding :::;:‘::
ﬁg S As 2 next step, depending on the end use, the dried polymer, a whitish powdery or :::;; ul

h 1 . y.t

TR AT granular product, is then compounded (or dry blended) under pressure at fusion tem- those wi.

P P WU T perature with the aid of plasticizers (mainly phthalate or other organic esters) and light (centnfy

ot and heat stabilizers (heavy metal salts, organotin compounds, and other stabilizers). ties of ..

'-a,‘ T Lubricants or dyes can be added. Plasticizers are added for the production of flexible ven ma;;‘

@.:, 3 ‘% PVC:rigid PVC contains little or no plasticizer. These additives can also be a source of shipmer.

T T U & toxicity. The plasticizers may slowly diffuse out of the final product depending on its nomer .

: é‘ﬁ:‘, compatitdity. Lead<contauning stabilizers may also pollute the working atmosghere are dnvc

!?,’a '3“:‘; (Smoltic 1966: Tola 1975). Compounding is carried out by hot mixing at fusion tem-
B __....‘::" & peratures below or within the softening range (120°C—-160°C). Diversified compound-
- *5;. T ing and processing technologies were developed about 1950. Table 2
e ;;-L‘ k4 The compounded polymers are used for the production of diverse end-products.
B e Y E The final conversion of the thermoplastic PVC resins into consumer end-products is [~
> 3‘-&‘,‘ b accomplished by such procedures as extruding. calendering. injection or compression I ppr
: E‘ moulding. blow moulding, dipping (coating) and hot spraying. Temperatures used in
! dﬁi‘: these processes range from 100°C to 300°C. End-products include a vast number of
DX arucles used in almost every sphere of daily life. The temperatures during the fabrica- I mg
> tivn operations (compounding and conversion of compound polymer into consumer
articles) drive off part of the small concentrations of residual monomer still contamed (Par;
in the polymer. Bames (1976) calculated that the final fabricated articles contained L
approximately 5 ppm VCM and those for foodsmTpackagm;(bomcs. films, fous) | meht
ff!_lll_ﬂi ‘ 1 :: 1:\’,
1 ppin
L4
224 Sources of Exposure to VCM in PVC Production r
Both polymerization of VCM and subsequent processing (centrifuging. drying. screen-
ing, bagging) are usually camned out in closed buildings. Exceptions can be found in 2285 T
hot climates (Aryanpur 1977). Polymerization 15 of necessity a batch process that re.
quires a large number of single operations. Therefore, valves, gaskets, shaft-openings In the =
and control gear are subject to heavy wear and thus to leakage. Other sources of poliu- Rant mo:
tion of the working atmosphere are exchange of parts and repair jobs. The degree of covens .
poliution also depends to s large extent on the quality and effectivity of monitoring (Lefuux
equipment and special exhaust systems. Opening of autoclave vats for cleaning and lect 2 3
control purposes resulted in larger spill-over of the tank atmosphere into the work en- opencd
vironment. Numerous repons of worken with prenascotic symptoms (Jizziness etc.) became |
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permit the conclusion that episodes of acure vverexposure 1o VOM were not rure events
in the past. .

There is no doubt, however, that these workers who manually ¢leaned the suto-
clave vais b seraping away of chupping ofT the “poly mer skin” formed on the reactor
walls ("pols cleaners™, and who in the past had to spend several hours inude the reac- ¢
tots. had bean exposed 1o the highes: soncenuiations of VOM. Although the vars were
degassed prior 1o enury, unreacted monomer remained trapped m the polymer skin,
and larger amouns of VOM were released when cavines formed in the poivmer crust
were opened by chipping. The later introducuon of autormnanc cleaning svstems reduc.
ed the ftequency of eniry into the reactors, but some manuyl cleanmng of shorter dura.
tion suil had to be done after every 20th—30th run. It is, thercfore, plausible that, pn-
marily, the most severe adverse effects of exposure to VCM were fully recognized in
thote workers who had been employed in this job category. But the subsequent steps :
{centrifuging, dryving. screening) also involve the reiease of some of the lesser qmanti- !
ties of unreacted residual monomer from the partcies to pollute the environment if
wvenulauon, notsbly of the dryving facilities, is inadequate. Finished polymer, ready for '
shipment or subsequent compounding. still contains small quantities of unreazted mo- :
nomer, which either slowly diffuse out and pollute the bagging aress during storage or '
are dnven out by the high temperarures necessary for compounding.

Table 2. Conversion table for concentration of VCM in ambisnt sir ) .

-

Mol wr, .
mgilitre

LPPm e T000x 2348 p

2445 x | 000 3

1 mg per litre » N o ppm

(Parry 1958)
ol -

§ mg/litre = 391 ppm
Imgm* = 0.391 ppm
lppm = 2Somgm? = 000256 melitre
1 = 10000 ppm = 25.6 mglitre

+=3 The Explosion Hazard

In the pst only the explosion and fire hazard of VCM was thought to be the domi-
pant monitoring problem in handling gaseous vinyl chloride (/rsit 1963). This hazard
covern 3 concenutation range of 4%=225 by volume of air (40 000220 000 ppm)
(Lefmur 1966), [t was observed that VCM, being 2.15 times heavier than air, may cols
lect a3 2 compact laver at the floor of a polymerization building after spill.over from
opencd tanks and may catch fire. At least two instances of disastrous VOM explosions
became known: [n 1964, 3 large plant for the polymenzation of VCM in the United
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States was aimost completely destroyed when VCM escaping from a leak detonated
(Albnghr 19673). Another explosion in one oi the two Rumanian factones operatng
at that time was mentioned by Suciu et al. (1975). Monitoring of VCM concentrations
polluting the work environment was then directed largely towards pm-cnung veM
from reaching the ﬂammabdny limit.

226 The Odour Threshold

Unfortunately, gaseous YCM has no irritating or unpleasant warning properties. Its
mild odour is described as faintly plessant, sweet or ethereal. Some of the PVC
workers we interviewsd reported that they had even enjoyed ‘sniffing the gas’, which
soon resuited in a feeling of light-headedness. For the early days of PVC production,
when appropnately sensitive monitoring equipment was not yet available, workers' re.

= ports about perception of the odour of VCM can be taken as circurmstantial 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 olfactory fatigue, as well as different levels of individual sensitiv-
ity, may render it very difficult to determine the factual odour threshold of 3 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. Veltman and Lange (19773, b)
assumed an odour threshold of § 000-10000 ppm. Volunteers exposed to VCM
detected a slight odour at 4 100 ppm; a distinet odour was noted at § 600 ppm for
30 min and this was accompanied by subjective symptoms of dizziness and sleepiness
(Irish 1963). Gehring 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 (Barerra et al. 1969; Cook et al. 1971 ; Marko-
wits et al, 1972 Lefévre 1975, cited by Hubler 1975), Barerra et al. (1969) conducted
experiments with concentrations of 50, 250 and 500 ppm in an exposure chamber, in
which 13 volunteers participated. At 500 ppm only soms of them claimed that they
were able to detect the odour, but this was inconstant. Table 3 shows that differences
between the various estimates are at lcast one order of magnitude. The close proximity
between the percepuon of the odour of VCM and ingipient ONS symptoms as reported

. by Irish (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 instance, has distinct wam-
ing properties and can be detected by its odour at 3 level as low as 0.4 ppm; eye and
throat irritation begin upward of $ ppm and are noted by all test subjects at a soncen-
tration of 21.6 ppm (Deese and Joyner 1969).

22.7 VCM as an Anassthetic Agent

VCM wat once even considered for use as an anaesthetic agent. In 1929, Schmidr and
Schawnann speculated about uting VCM as 3 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. Qdour threshold

Lower limit of detection

Author

£ 000-10000 ppm

Veltman and Lange 19772, b

$ 000 pum Violal 974
4100 pem Irisih 1963
3 500 ppm Gehrmny et ai 1979
500 ppm Bare:stz 2330|949
400 =500 ppm Lerdvre 1978 (cited by Hubdier i973,
400 ppm Cook et al. 1971
400 ppm Markowrrz eval. 1972

anaesthesia because of its potent narcotic action and the wide maryin between narco-
tc and wthal concentrauons. (n animals it produced anaesthesis at T7e—=10% in air or
oxygen: concentrations above 125 proved to be dangerous. The authors pointed our,
howaver, that adverse late effects of this halogenated hydrocarbon could not be ex-
cluded. In toxicty studies with guinea pigs Porzy et al. (1930) found concentratons of
10% VCM to be lethal within 3080 min, 5% to cause marked narcosis, and 0.5% for
several hours 10 be the maximurm tolerable exposure without senous effects. They also
cornmented upon the potental use of YCM for surpeal anaasthesia but were yndster.
mined about its practicability. In mice, the minimal ansesthetic range was found to be
3.5-$ mmol (85 000~122 000 ppm) for 10 min, the mmnimal lethal range 10-12
mmeol (243 000-293 000 ppm) (Peopics and Leake 1933). It was riot until 1947 that
Osrer et al.. in contrast t0 Schaumenn's eardier assumption (}934) of a relatively low
cardiotoxicity, warned against the use of VC) as 3 powential general anaesthese in
man because of senious cardizc irregulasities and ECG changes observed 1n dogs. VOM,
like other halogenated hydrocarbons, sengmtizes the heart to the effect of catschol-
amines (nth 1963). We could not ascertain whether VOM has actually been used in
the past for anaesthesis in man.

=28 Effects of Acute Overexposure in Man

Some individual responses of volunteers to increasing concentradons of VCM are
listed in Table 4. Leszer ¢t al. congiuded in 1963 that the maximum concentrauon
without acute effecs in man lies between 8 000 and 12 000 ppm for § min, and that
symptoms such as dizziness, light-headedness and disorientation should be taken as
adequate warning signs for imminent acute danger. Two fatalities after occupational
sxposure to high coneentrations of YCM are reported in the literatuse (Danziger 1960),
A 1l:yesrold autodave cleaner a2 s Canadian polymerization plant was found dead

10 min after encry 3t the bottom of a probably insufficiently ventilated reactor tank
which had been declared safe solely after an explosiometer test, Heart failuse cells and
éardiac enlargement found at autopry, however, implied that the cause of death mright
have been acute functional disturbance in pre-existing heart disease. In the second case
which gccurred at the same plant, however, circumstantial evidence apparently left ao
doudt that heavy VOM exposure was the canw of death in a J9vear-old worker. He was
found dead within 20 min, lying in 3 pit near the opened valve of a recycling pmipeline
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Table 4. Individugdl respunses of volunteers 10 increasing concentrations of VCAl

Conventration Duration of Sympiloms Reference
expuosure

500 ppm ?5h tInconstant odour detecuon? Burerza et al.
mild headache, dryncss of (1969
eyes and throat in 2 of 7 subjested

4 000 ppm - Generally accepted odour Iz 19030

' threshold

6 600 ppm 30 min (Distinct odours) Insh (1963)

dizziness. sleepiness
8 000 ppm 2 of 6 subjects ‘stightly heady”

12 000 ppm | of 6 subjects had reeling,

swimming head, ‘just hke
$ min3 (twice on  getting gas’ Lester et al,
16 000 ppm { each of 3 succes- 5 of 6 subjects, various degrees (1963)
sive days) of intoxication

~0000 ppm All 6 subjects had more intense
‘symptoms of acute intoxication
than at 16 000 ppm

25000 ppm 3 min 2 experimenters: Parn et al,
dizziness, disonentation, 11963)
burming sensation in the soles
of the feet

3 Exposure to six different concentrations: 0 ppm: + 000 ppm; 8 000 ppm: 12 000
ppm; 16 000 ppm; 20 000 ppm

through which non-polymerized residual VCM was pumped back into a reserve tank:
anothet man coming to his rescue was humsel{ overcome by the gas and only just
escaped.

Two non-fatal cases of VCM gassing were reported in Great Britain in 1951 (Spirtas
et al. 1975). A maintenance worker expenienced acute narcosis while repairing a VCM
leak, and a worker cleaning 3 polymenzation vat from outside with a water jet sudden.
ly collapsed across the open manhole. Subsequently he complained about tightness of
the chest, nausea, abdominal pain and headache, Occasional loss of consciousness was
also reported by Lilis et al. (1975) in 14 of 354 workers at Niagara Falls and by Suciu
et al. (1963) at a Rumanian plant. VCM-induced narcosis, at least on one occasion in
the past, had occurred in 46 of 58 worken (79%%) referred for medical surveillance
from one British PVYC-producing plant (Wans et al. 1976), with a 1007 incidence of
narcosis in 28 sympromatic workers (Raynaud’s syndrome and/or acroosteolysis).
Successful resuscitation after VCM-induced narcosis of several hours’ duration with-
out evidence of permanent damage was mentioned by Rety et al. (1974).
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229 Monnoring VCM Concentrations in Working Areas

During the (I3t two Jecades of PVC production (1930-19350) no publication contain.
ed data on VCM concantrations in tie warking envirancment. The main interest then
was direeted towards prevention of the 2xplosion hazard. In 1957, the vbservation of
an apparently toxic angioneurons in Rusnan PVC production workers (Swmrinva
19%3: Pleshchirser et al., cited in Filztova and Gronsdery 1957 indiesd Frlararag and
Gronsberg 10 invesugate environmental VO zpaceatratioas in vanous jans ol a
Russian polymenzaton plant in Gor'kyj. Aithough most readings were in the range of
0.05-0.08 mglitre (» 20=313 ppm), & 4. below the maximum permitzed VCM con-
cenrration of 1 my/litre (approxumarely 400 ppm) as speciiied by the State Sanirary
Inspectorate ar that time. escapes of VCM in the reactor areas from Jefectve fittings
or from the discharge of operatung autociaves resulted in excurmons up to 29 Sad| 3
mg/litre (= 11 50016 200 ppm) ior penods of 510 min. One peak reading oi' 873
myditre (= 34 000 ppm) was recorded.
in the cenmifuging and drving ama of this plant the VCM content of the ambuent
ait ranged from 4 ppm to 3 100 ppm wath most readings between 20 ppm and 155
ppm. which was attributed to refease of residual VOM from wet PVC renn and poor
ventiation. The screening and bagging area was charactenzed by high dust concen-
trations. sometimes exceeding the official upper limjts set for non-toxic dusts. In the
pursuit of improving industrial hygiene, the installation of modern ventilation equip-
ment in the vicinity of the autociaves, substitution of hand-operated by semi-automat-
1c drving facikiues. and avoidancs of leakages succeeded in reducing the ambient eon-
centranons of VOM o below 0.05 me/litre (» 20 ppm), but toxic angioneurosis still
continued to be diagnosed. This led the suthors to recommend that the maximum per-
mitted concenwrstion of VOM should be reconsidered. :
In 3 plant producing VOM, Filatora et al. (1958) found lower concentrations in
the range o1 0.04=1.1 mg/licee (16—430 ppm), with maxurum values of about 1200
ppm (.93 mgAitre), the Latter havin; been odserved in close proximuty to the reetif.
ication apparatuses and having resuli.. from spillage during sample eollecuon. It is
remarkable that up to now the Soviet Union has reported no c3ses of angiosarcoma of
the liver, although groduction of PVC remins started eatly and VO exposures in the
past have probably been in the same range as those observed in Wentemn countriss,
8yrén at al. (1976) pointed out that during the 19505 episodes of unconssioumness
which occurred among workers of the one Swedish plant operating at that time indi.
cated peak exposures of at least 10 00015 000 ppm, Suciu et al. (1975) noted that
between 1962 and 1972 3 reduction of the average VCM concentration in the two
Rumanian PVC plants had been achieved from 2298 mg/m’ (= 900 ppm)in 1962 10
about 120 mg/m? (= 50 ppm) in 1965=1972. In 1969, Angi:elescu ot al. mentioned
exposures to VCM concentrations of 112545 mg/m? (=213 ppm) for s group of
300 Rumanian workers, eight of whom (2.7%) had Raynsud’s phenomenon. At a
Greck plant which started operation in 1967, cerrain stages in the production process
resulted in high concentrations of VCM in the work environment for brisf periods
(Gitsios 1971). In air displaced from resctan during addition of water and on opening
of the reactors to obtain PVC samples ac tie end of 3 reaction cycle, concentrations of
up 10 10 000 ppm were found. Iz open waste drums into which waste polymer scraped
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away from reactor walls during cleaning was placed, concentrations of up to 600 ppm
were measured.

In the report of a World Health Organization (WHOQ) working group on vinvl chlor-
ide (IARC 1974) it was stated that in a reactor of 15 m? (production of 45 tons of
PVC per cycle) a crust of 4 kg PVC conuining 3%-5% VCM can be formed on the
inner surface. During the cleaning procedure 30%=50% of this VCM content is liber.
ated. It was caleulated that the probable concentration of VCM within the reactor
after a }-h cleaning operation was about 2700 ppm, but that it could Le reduced 10
90 ppm by 30 renewals of air per hour. In the past a polycleaner used 1o spend 4~5 h,
day inzide the reactor but later the introduction of (not fully sufficient) sutomated
cleaning reduced manual cleaning procedures to shorter periods of 10--15 min follow.
ing every 20th--30th reactor cycle. A Belgian company, where monitoring in the work-
ing area was ntarted in 1967, claimed that measuremnents at various sites inside a3 9000-
litre auroclave during the manual cleaning operations had shown VCM concentrations
varying between 50 and approxumately 540 ppm, with 2 mean of 413 ppm (Huble: et
al. 1977). According to data provided by Cook et al. (1971), VCM concentrations
within the reactors pnor to ventilation were in the order of 3000 ppm. The rsactor
cleaners usually did not enter the autoclaves untd an aeration period of 15-20 min
had reduced the VCM concentration to what was considered satisfactory liruts. In the
early days, this was tested either by ‘sniffing at the manhoie opening’ (the lower limit
of detection of VCM by its odour having then been accepted a3 400 ppm) or by use of
a flzmmabie vapour indicatot which required a minimum of 400 ppm for positive read.
ings, equalling 4% of the lower explosive limut of VCM. Later more sensnitive methods
such a3 g3 chromatography were said to have shown that VCM concentrations inside
the reactors tended to be below 100 ppm during cleaning operations. but VCM releas-
ed from the residue during scraping resulted in concentrations of 600--1000 ppm
measured close to the hand. ‘

The Dow Chemical Company started monitoring the work environment in 1950 by
means of grab samples; continuous monitoring was installed in 1959. While time.
weighted average (TWA) concentrations ranged from 10 to 385 ppm during this period
(1950-1959), excursions up to 4000 ppm occurred, agreeing with employees’ reports
of experiencing dizziness while loading or unloading reactors (Orr et al. 1975). Ina
second unit with modemized equiprnent excursions up to 600-1300 ppm still occur-
red during the period of 1953=1959. In 1959, when toxicological data indicating ad-
verse effects in animals exposed to 100500 ppm VCM had become available (Torkel-
son et al. 1961), the Dow Chemical Company intoduced a new 50 ppm guideline for
the work environment. Excursions and peaks up to 500 ppm did continue. Measure-
ments of TWA exposures for various specified job categories in two production units
of this plant between 1950 and 1966 were presented by Orr et al, (1975). In 1968
BASF (West Gennany) introduced continuous monitoring by infrared absorption
specrrophotometry for VOM concentrations well below 500 ppm: in 1974 more sensi-
tive equipment was installed and concentrations were kept below 25 ppm and later
below 10 ppm, with occanonal ceiling values of 70 ppm (Fleig and Thiess 1974).

In several surveys individual jobs were grouped into three exposure categones ac-
cording to job classification 10 evaluate past exposure experiences (Spirras et al. 1975,
Williams et al, 1976 ; Blendis et al, 1978). These exposure indices were; (a) light = less
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T than 50 ppm: (b) medium = $0-200 ppm:«c) high = 200 ppm 2nd above (up to 1200
prm). [n the past. however, estimates of eXposure concentrations were based 1n most
-wyl ehlor- plants not on continuous monitonng Juring the entire work shift but at hest on sput
. wng of samples not nesessanly representanve of the different phases of 3 siven operation, t Ba .
«n the Estimates of past exposure leveis such as those represented in Table § are, theretore. e
«« Hber- more or less conjectural, It can be assumed that considerable devations {rom these ' '-‘ﬁ"'
107 Jverage values have ocsurred ail oo ofien in the past. 2t

By N
4 IR o
»

ad =5 Table 5. Average concentrations of VCM 1n the working
waated atmosphere of PVC-producing plants?. t Esumated by ;=
n follow- Cuemucal Indus:nies Assocauon Ltd.) ' ﬁ 4
Ry 1945 ~1928 ~ 1000 ppm - i3
ey 1935 ~ 1940 ~400~500 ppia .
neraLons 19001970 ’ ~200-100 ppm '
Hublet et mid-1973 ~150 ppm ' §BE
stions 1974 * % 50ppm and lexs : “_'
seactor 1975 v Spom : ,.;
- : s}
':::?the 3 According to Fleig and Thiess 1974, Barnes 1976 : '3_-“:':-'
wer lm'm. . . ;".
ry use "; Equipment for optimal continuous multipoint memtoring of exposure concentra- ' 3__-;:_" &
'“;;'d: " tions in the working areas should meet certain basic requirements: (1) For staonary g ey,
method squipment strategically piaced tample probes should yield data represenative of indi. . _'»z.‘-'i
"\’; "f:e vidual exposure leveis in the breathing zone of workers, preferably to be usad in com- ' P ¥
reieat- bination with personal sampiers. (1) Analysing metheds should have 3 high selectinty. -
‘pea {3) The Limit of detection should be a2 least one order of magritude bejow the current. by (215 2K
. ly specified standard regulating the permussible upper level of exposure. (4) Measure- - - :‘5
Y Y ment should be instantaneoys (within seconds) to guarantes rapid detection of eritical . © B
' o peak concentrations. (5) Recording and data processing techniques should be provided ISR
s period for the daily estimation of TWA exposure during the whole work shift. sy
- fepotts Currently available methods for the determination of ambient VCM concentradon . el
Lina comprise such analytical tools as long-path infrared spectrophotometry, flams 1oniza- r2o) &
il oezut- tion detsction, Qs chromatography, mass spectromatry, combustion<cenductvity - P
ungad- (fionoflux”), and personal samplers in combination with gas chromatography, none of i
: (Torkel- which can at present be considered as absolutely satisfactory for all individual plant sy
‘cline for conditions becsuse they all differ with regard to selectivity, limit of detecrion and time 2
‘easure- lag of response. xR,
*n units A catalogue of the methodologies that have proved to be of value in the control of ;_?'
- 1968 industrial hygiene and personne! protection regarding exposurs 10 VCM was compiled e
“on in 1975 by Rowe. TR
- 22,10 Expom to VCM in PVC-Procenting (-Fabricating) Plants .
. ‘Q--r"“‘ [
rl:lS; Raw PVC powder ready for compounding and fabricating purposes contains residual '&. -
‘bt » less unreacted vinyl chioride monomer in varying amounts. In the pust, monomer content ;
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was reported to have been as high as 6000-7000 ppm (w/w) in some types of raw
PVC. but a level of 500—1000 ppm probably was 3 more representative range
Sciwarer 1975 VKE 1974: Karsrcdr 1976). The monomer siowly escapes into the
environment exponeaually with time. Jepending on length of storage penod. tempera-
ture. s1z¢ and porosity of particles and other physical properties of the polymer and.
more recenty, on the eifectivity of special degassing techmiques (Per 1976: Scluz
and Itoly 1977). In 1975, the Association of the German Plastics Industry announced
that m future only PVC powder with 3 maximum monomer content of 10 ppm would
be put on the market due to the development of special degassing technologies { VRE
1975). Analyses of the types of raw PVC, chiefly suspension polymer. which are now
used in German plants showed that in most products the content of unreasted mono-
mer was now less than 20 ppm but in some foreign products it still ranged between
150 and 250 ppm: it also turned out that there may be considerable variztion be:ween
different batches of the same product (Se/uirs and Wolf 1977), -

Culd and particularly het muxing or compounding of PVC, a procedure whuch usu-
ally precedes {abricating processes, fuvours the escape of unreacted 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 Bruder and Straby (1975). Apan from hot compounding, other ther-
mopiastic operations. such as extrudiag, calendering and welding of tiles. also resulted
in reiease of unreacted monomer into the work environment. Although recently con-
ducted measurements of the concentration of VCM in working areas of six German
PVC fabricatng plants have shown that in 90% of the readings mean levels integrated
over | - periods now range below 0.1 ppm, numerous short bursts with excutsions up
to 60 ppm Juring a workshift were recorded in one instance (Sc/iirz and Wolf 1877).
Simiiarly low concentrations of VCM in breathing zone samples (maumum: 12 ppm)
with 60°% of the values ranping below | ppm had been found in 1974 in nine United
States fabricating plants, but source samples had ranged up to 340- 540 ppm (Karszeds
1976). '

These present resuits, kowevet, do not permit any conclusions s to past levels of
atmospheric VCM during the years when residual monomer content of PVC resins was
high and ventlation insufficient, paruculary in compounding and extruding units.
Whatever the extent of the nsk might have been in the past. it can be sasely assumed
that the ambient monomer concentrations in fabricating plants have always been con-
siderably lower than in PVC-producing plants.

When it was suspected that certain VCOM-related svmptoms might also have atTlict.
ed PVC process workers, this problem was investigated by our group. Although no
cases of acroosteolytis, pseudoscieroderma or angiotarcoms of the liver were observed,
evidence was presented which demonstrated that minor and incunspicuous lesions such
as mild hepatic fibrosis, bromsulphalein (BSP) retention, thrombogytopenia and shght
enlargement of the spieen could be found in 28 process workers who had been em-
ployed for yeans in compounding and fabricating units (Lenge et al. 1975, 1976a:
Wegman 1975, Marsteller et al. 1976). In principle. these lesions were identical with
those seen after heavy exposure a5 we will describe, but the degree of Jumage attribut-
able to occupational VCM exposure observed in these workers was not considered suf-
ficient to enute them to disability compensation under German law. Although the in.
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consprcuous characier of these lesions agrees well with the assumprnion of : dose-re-
spuitse refationship of VEM-related disorders and the alterations may seem 10 be.
quanutatively, of Hitle imponance. they should not be nunirmzed. Nevertheless, an
observatuon prriod up 1o the present ot aimost 7 yean did not reveaf any spontanecus
progression. In a propormonal mortality study for 19701972 among roughly 35 200
male PVC fabrication workers in Engiand and Waies. Baxrer and Fox (1976) did not
find an excess of angiosarcoma or othser liver diseases.

A recently completed cohont study ot 4007 people who had becn cmployed by
wo German PVC.-fabricating plants betwee 1934 and 1974 and of whom 360 had
died reveajed that overall mortality. although masginally below that of the male popu-
lauon of the Federal Republic uf Germany , was slightly elevated with respect to the
*healthy worker effect’. No angicsarcomas of the liver were obsarved 3nd no excoisin
overall cancer mortality was noted, but an excess mortality from brun tumours was
recorded in one of the two plant (Redd/ et al. 1973).

==.l1 National Standards for the Control of Exposure

Industrial hygenists have used several designauons for acceptable or permussible limits
of exposure to chemicals at the work place, such as ‘maximum sllowable concenrrs-
non’ or ‘Mmaxirium seceprable concsntrauon’ (MAC). ‘threshold limit value’ (TLY).
‘industrial hypene standard’ in the United States and as “Maximale Arbenspiaczkon.
angation’ (MAK) in West Germany. These empirical standards were defined by the
Amencan Standards Associauon as setting 2 limiting concantranon “for exposures not
exceeding 8 hours daily during 2 40-hour work week with the understanding that vana.
tions shauld fluctuate below this valua™ (frslt 1963). An extensive discussion of the
basic approach to the principles used in serung environmental quality standards for oc-
cupational respiratzn ¢xposure to toxic agents can be found in the paper of Ziettuis
{1974). In thus pap--. the coneeptual differences betwesn threshold linut values as
used in the United States and maximum allowable concentrations 35 used in the USSR
are summarized and the differences in spproach and emphaxis, which may esplain past
discrepancies Yetwerz permissible limirs, are elucidared. For details the reader is refer-
ted to this paper.

The standard is nor an index of relstive toxicity, £ar less of hazard, and certainly
ROt 3 sort of “averags’. A standard set as the cxiling level implies that any fluctustions
should be around 3 median of perhaps half the standard and that it should be compe-
tendy used in full awareness of its phynological basis and the limitatons of currently
avulable knowledge (Jrish 1563). The standard will be subject to revision 13 soon as

© mew information is aviladle. An exsential elament of the annually published German

list of MAK values (MAK-Werte) s its preamble, which exhaustively detines the .
various modalities for the interpretation of such standards (Henschler 1972/73). The
so-calied TWA, an integration over time of {luctuating concentrations, will be s useful
tool for estimating the probability of injury only if it represents a comprehensive anal-
yiis of the normal fluctuation deiow the standard.

+ = In the Federal Republic of Germany the standard for VC3 (MAK) was set at $00

ppm in 1966, The German Standards Advisory Commirttee reduced this to 100 ppm

-
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in 1970 in conformity with the proposal of Torkelson et al. (1961). which was based - Table 6. T
on the results of their animal experiments. [n June 1974, when the carcinogenic prop- S——
erties of VCM had been well established. the MAK regulation for this chemical was re- Country
pealed and instead a preliminary technical guideline (Technische Richtkonzentrauon)
of 50 ppm was instituted (VKE 1975). The Chemical industnies’ Liability Insurance
Association (Berufsgenossenschaft der Chemischen Industrie) also issued instructions
for the prevention of health hazards arising from handling of VCM in July 1974, As :
of July 1975, a technical guideline (TRK = Technische Richtkonzentration) of § ppm. Finland
defined as annual mean, for PVC-producing and -fabricating plants was insututed, per- France
mitting excursions up to 15 ppm during periods of not more than | h. In order to German D\
sdapt operating plants, a provitional regulation was 1ssued with reduction of the an- Republic .
nual mean concentration to 20 ppm as of July 1975, and to 10 ppm as of July 1976 fran
and peak concentrations over 1-h periods not exceeding 60 or 30 ppm, respectively laly
(Veltman and Lange 1977a). The technical guideline (TRK value) was revised in 1977
(2 ppm annual mean/S ppm per 1 h). Japan

In the United States the threshold limit value for VCM was originally set at 500
ppmin 1947. It was reduced to 50 ppm in April 1974 43 a temporary emergency stan.
dard and finally reduced to | ppm/B h in 1976 Haley (1975) summarized the conflict. Netherland
ing views on viny] chloride regulatons proposed by Government and industry in 1974, Rumania
Table 6 shows threshold limut values in a number of PVC-producing countnes.

Brigium
Canada

,
%
kol

aar

Sweden

22.12 Exposure to VCM Quuside the Working Area Switzerlan
The Environmental Protection Agency estimated that PVC-producing plants in the
United States discharged about 90 million kg VCM annually into the environment
(4758 losses), most of it as air emissions and lesser quantities dissolved in water
effluent streams and entrapped in sludge and solid wastes (Sc/weirzer 1975). Ina USA
pioneer study, concentrations of I ~2 ppm VCM were found in the ambient air near
such a plant (IARC 1974), 2-3 ppm in the primary water effluent and 100200 ppm
in the sludge a1 the plant site, bu sampling and analysis methods used were later
found to have been inadequate so no conclusions were drawn from these figures since
they could have been in error by as much as one order of magnitude (Seinverrzer
1975). For people who live within 5 miles of monomer and polymer production facil-
ities in the United States an average exposure of 17 ppb during the years of uncontrol-
led emissions was calculated (Vicholson 1977).

In the past VCM has been widely used as an aerosol propellant. either alone or mix.
ed with fluorocarbons, hydrocarbons and inert organic gases. in household and cosmet-
ic products (hair sprays, deodorants, pesticides, room disinfectants, paint sprays,
fumiture polish and window cleaners). In Germany, VCM was proposed 3s propeifant
for aerosols in 1958 (Ostermayer 1967), in Japan it has been used as 3 propeliant since F&‘:"ﬂ" :F'
1958, in the United States this use was probably introduced after 1962 (Se/nveirzer any
1975). As an acrosol propellant, VOM has been 3 possible source of exposure for the
public at Large, particularly for wonen, the extent and the potential health implica-
tions of which are unknown. Use of aerosol progucts in confined spaces has been re.
ported to resuit in air concentrations of VCM of up to 400 ppm in closed rooms.
even after oniy short bursts (30 5) (Gay et al. 1975), which could persist for several
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Tabie 6. Threshold limit values t TLV) in vanous countries

Counery Yuar TLY Comment
‘ppm _
Be!gzium 1971 255D TWA (S h/lf miny
Canada 1975 10/25 TWA (8 h/15 min)
Finland 1975 510 TWaA 18 1,15 mis)
Franc: 1975 28 TWAI18 )
Germyn Democratie = 200 MAC (Schorrek 1969)
Republic (DDR) 1976 £]2 (Konerzke et al, 1978)
iran 1976 s/50 TWA (8 h/1 h)
ftaly 1975 50 TWA 8 h)
(future) 25/50) (TWA S K15 mun)
Japan 1970 500 MAC
1974 200 MAC
1975 410 (25 mg/m?®)
Netheriands 1975 10 TWA(R N
Rumania - 100 mg.m? MAC (Prodan et i, 157%)
(40 ppm)
Sweden 1978 5120 TWA (8 h/15 min)
. 1976 s TWA (8 /15 mun)
Switzerland 1978 100 MAC
(future) 10 TWA ()
United Kingdom 1978 25/50 TWA (8 4/15 min)
October
1975 10/30 TWA (personal/ceiling)
USA 1947 300 MAC (Amer. Cont. Governm.
Industr, Hvgpenisis)
April 50 TWA (2 h). temporary emergen.
1974 ¢y standard (OSHA)
October 15 TWA (8 h). temporasily permut-
1974 ted exposure
1976 18 TWA (B 115 min)
- USSR - 1 mgflitre MAC, provisional csiling concen-
(391 ppm) trauon: Stare Sanitary inspec-
torate. 1957 (Filgrora and
Gronzberg 1957)
- 30 mg/m? NAC (Schorrek 1969 Kertner
(@12 ppm) 1975) (Sanitarnye normy)
Federal Republic of 1946 500 MAR
Gemany 1970 100 MAK
June L {+] TRK (preliminary technical
1974 guideline). Annuiment of
. MAK regulation,
1975 $/1s TRK {annual mean/1 h)
1977 /8 TRK (annual mean/! h)

Sources: Smyth 1956: Filarova and Gronsbery 1957; Schortek 1969: Hensenler 1972/
T3 IARC Report 1974: Haley 1975 ; Sekade 1975: Prodan e al, 1978 Aryanpur
1977, Schirz and Wolf 1977 MAK Werte-Liste 1977 Kertner 1975
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hours afier repeated spraymg in smallersized rooms (1ARC 1974), Haiey (1975) pre-
sented a list of pesticide products containing VCM as a propellant and repistered for
indoor use, which were banned in 1974 by the Food and Drug Adminusiration. In
Japan, the monomer was also banned as a propeilant in 1974 (JAMA 1974, 229:855).
There is 3 case on record of a worker who dicd from noncitrhotic portal hypertension
and anposarcoma of the liver after 14 yeans” employment at a chemical plant in south-
em Cermany where he had been engaged in loading such pesticide cans (Rernf and
Weber 1974), The report of a femnale office worker suffering from typical Raynaud’s
phenomenon, pseudoscleroderma., acroosteolysis and mandibular osteolysis who never
had occupauonal contact with VCM (Meyerson and Meier 1972) is apt to make one
wonder what influence the frequent indoor use of VCM-propelied spray cans (Bridbord
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 two groups of controls (Guod et al. 1975).

PVC bottles. films and foils have been used for many yeass for packaging food and
beverages (cooking oil. margarine, meat, minera) water. fruit squashes and other soft
drinks, hard hiquor etc.), The content of residual VCM in PVC bottles was found to
have ranged formerly between § and 300 ppm (w/w), and in PVC foils up 10 800 ppm
(van Eschi and van Logten 1975). The problem of migration of unreacted VCM from
the PVC containers into the foodstuffs became tecognized in 1973. Reports of un-
pleasant tastes in American brands of vodka and whisky wiuch had been stored in PVC
botties led to the discovery that VCM had leaked into the liquors; in some samples
levels up to 10=20 ppm (w/w) were found (ven Esch 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 1n miniature PV'C bottles for periods up to 3 years; VCM concentrations in
onange squash and cooking oil were found to be in the range of 0.01 =0.08 ppm and
0.01-0.04 ppm, respectively (IARC 1974), Levels of 0--0.4 ppm found in British
PVC-bottled liquids were mentioned by Dasvies and Per= (1975): in their own analyses
of samples of PVC-bottled spirits supplied by British Airways they found concentra-
tions of 0=0.25 ppm (w/w), Methods were developed {or the detestion of VCM in
liquids with a maximum sensitivity down to the 1 ppb levet (von Lierop and Siek 1976:
Dressman and McFarren 1977). It was tentatively estimated that even during the years
when PVC.packaged food and beverages had not been heeded as a potential source of
contamination. the likely average daily human intake of VCM from this source could
have been in the order of 0.1 mg/person (LARC 1974). Sehiarrer (1976) calculated
that today it would be Jes than 0.01 mg/person (equalling 250 mg during a whole
life tine); in comparison, he calculated that the inhalational intake of VCM in diseased
workers who had been exposed to concentrations of $00-1000 ppm during a period
of 10-20 years would have amounted to at least 25 kg. The Association of the
Cerman Plastics Industry expects that the use of technology available at present for
the produstion of PVC food-packaging materials decreases the VCM content of food-
stuffs to below 50 ug/kg (50 ppb) even after prolonged storage (VKE 1975). Results
of carcinogenicity assays in experimental animals after oral administration of VM
are discussed in Sect. 33,
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3 Toxicology of VCM

3.1 Acurte Toxicity

Dunng the first three Jecadus of PVC producuon. animal sxp:nments were liniited to
the asessment of the acute inhalational toxicity of VM in short.tenm exposures 10
conccarations varymg between 50 000 and 400 000 pem (Puir: et ai, 1930 Peoples
and Leake 1933 Schaaqumann 1934, 1938 Oseer et al, 19=7, Care et al. 1949: Mastro-
marice et al. 1960: Lesrer et al. 1963). In mice. raws, guinea-pigs. rabbits and dogs
anaesthesia. Jeep narcons, cardiac acrhvrhmias and lethal etfeets were observed within
this ange of exposure but no reievant urgan pathologv was nuted except for conges.
uve and haemomhamne changss in lungs. liver and kudneyt on fatal outcome. Acute

hspatoceilular injury was later found only in animals prerrsated wnth porent enzyme-
indusing substances (see Sect. 3.4.0.20).

3.2 Chronic Toxicity

Torkeison et al. (1961) were the first 1o describe results of experiments with prolonged
exposure 1o concentrations ranging from 50 to 500 ppm, 7 h/day. § days/week, fos
4.5 =6 months. All species tolerated exporure 10 50 ppm for 6 months: 100 ppm,
kowever, caused an increase o liver weight and 200500 ppm caused. in addicion,
histological changes in the liver and kidneys of rats and rabpics, but not in guines.
i and dogs. An increase in liver we:ght and decrease in spleen weight was also seen
ir rau exposed to 20 000 ppm, 8 h/day. § days/week. for 3 months by Lesrer e1 2l
{1963): no histological lesions were found after 3 months. Sovies investigators at the
Gor'kij Instiruts were mainly mwrested in neuroendocrine changes after projonged
expoture of experimental animals to various concentrations of VOM. Cardiac arryth.
mizs. bradyeardia, changes i phonocardiogram in rats exposed to 1220 ppm (0.03-
0.05 mylitre) for § months were reported (Vasin and Plokhora 1962b) as well 32 in-
creased secrrnon of catecholamunes in rabbits and changes in the bioporential of the
posterior hypothalamus (Vazor and Plokiora 9692). Alter 2 5.5.month exposure to
35001000 7pm (910 my/litre ) changes in the bioslectric activity (EEG revordiogs)
of the cortex and the anterior and posterior hypothalamic auclei in rabbits with con.
comutant changes in circulatory functions were seen (Vastn and Plok/iove 1968). Ex-
posure of raws and rabbits 10 0.03-0.04 my/litre (12-16 ppm) for & months produced
resorptive bone changes and osteoporosis in addition to cardiovaszular and central
nervous system dysfunction (Basaloer er al. 19723, In 1969 Schortek summarized
available evidence for VCM toxicity and warned urgendy that chronic exposure to
VUM should be suspected of causing toxic liver damage. He mowved that the cusrently
statutory maximsl allowatle concentration of 200 ppm (MAC valug, German Demo-
cratic Republic) should be lowered. .
Of parzicular itnporrancs as pionesr work were Finla's experiments (19704, b:
Viok et 3l. 1971) with exposure of rars 1o 30 000 pym, 4 h/day, § davs/week, fora
full year. It was only after this length of exposure that histopathoiupieal exsminstion
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§ revealed lesions similar to human scroosteolysis and also similar to the type of non- tential carc
e rumorous liver diseases which we observed in PVC workers 3 years later (Marsreller et study of or
W<t al. 1973). Viok described lesions of the skin, the small arterial vessels, the connective solved in 50
e s tissue and elastic reticulum of the paws, and periosteal proiiferation with chondrowd 6 days/wee:
I w} netaplasis of metatarsal bones. Fibrosis of small peripheral nerves and degenerative ¢Tatio only 2
2 changes of the grey and white marter of the brain were prominent, whereas the kid- tion not ne.
neys were not markedly affected, The liver showed pronounced degenerative lesions placed the «
2 with parenchymal necross, cytoplasmic and nuclear polymorphism, abnormal prolifer- the no-toxic
ation of hypertrophic Kupffer cells and intense fibroscierotic reactions. angiotarcon
Sprague-Da
proved to h
. 33 Oncogenic Properties . ] genic in rat.
. be carcinog:
The earliest documentation of the carcinogenic action of VCM was Viola's prelimmnary 10, 5 and 1 .
report presented at the 10th International Cancer Congress in Houston, Texas in May 1979). Ano
1970a. Of 26 Wistar rats exposed to 30 000 ppm for 12 months 17 developed epider- the dase-rel
moid carcinoma, mosty in the parasuricular region; 6 also developed adenocarcinoma exposure le
of the lungs and § osteochondroma of metacarpal and metatarsal regions of all 4 limbs hi;x:{lopcal
(Viola et al. 1971; Viola 1974). Maltoni and Lefemine (1975) later interpreted these :: ‘::;c‘::

paraauricular tumours as arising from the sebaceous glands of the extenor acoustic (
duct, also known as Zymbal's glands. the cell matrix of which seems to be the target tis- :”l“;;f. !
sue of a number of carcinogens. They were of the opinion that the pulmonary malig- . b: L.

nancies were metastases {rom the Zymbal gland tumours. Autoradiograms of sections cndozhghal
of whole rats dosed orally with [**C Habelled VCM revealed 3 discrete localization of perplasia an
14C in the panaauricular region {Zymbal gland?) and in the region of salivary glands even in th?.:
and Harder's glands (Green and Hat/rway 1975). In this context Neumann et al. (1979), :“ :‘”imzh'
who analysed the peroxidase acrivity in Zymbal glands of Wistar rats, proposed the ﬁ:‘r:s.u :m‘
concept that peroxidase.mediated bioactivation of carcinogens (in their study: stilbene of ossifyin
detivatives) might offer an explanation for these tissuespecific effects. fect was ‘ug
At the end of 1970.Valton: and his group, with the support of Italian, British, offspring o%
Belgian and French chemical companies, started to plan and subsequently execute 2 mine 1975)
largescale carcinogenicity bioassay designed to study the effects of chronic exposure posed to vc‘
to VCM in relation to various experimental factors such as route of administration, «d from Gnic
dose level, length of treatment, and species, strain, sex and age of animals (Malrom it was seen ¢
1973, 1977 . Malroni and Lefemine 19743, b, 1975, Maltoni et al, 1974a, 1975). Con- matunty o I‘
centrations used in the inhalation experiments were 30 000, 10 000, 6000, 2500, 500, o "DOBy
=50 and 50 ppm, with length of exposure ranging up to 52 weeks and observaton peri- f o r Ppﬂ'
ods up to 143 weeks. Apart from the induction of Zymbal gland carcinoma other tna- oci of hepa:
lignancies developed, notably angiosarcoma of the liver but also extrahepatic angio- ”""”b‘:
sarcomas. nephroblastomas, pulmonary tumours and mammary carcinoma, 3s well as week, for 52
a number of single tumours of other target tissues. Different types of tumours were spieen chang
found to coexist in the same animal. On oral administration of VCM dissolved in olive :‘u"‘:n:’;l:::’:
)

oil (5 days/week) angiosarcoma of the liver was found after 50 weeks in two animals
of the two groups of 80 Sprague Dawiey rats each of which had been treated with the Ppm group 3
highest doses of 50 and 16.65 mg/kg body wt. (Malroni et al. 1975). Maltoni (1977)
succeeded 1n demonstrating that the route of adminstration of this ciearly multipo-
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* was found in 3n ammal exposed 10-500 ppm. A few mammary adenocarcinomas. one

shabdomyosarcoma and one renal haemangiosarcoma were also seen. From their ex-
periments Holmberg et al. concluded that a lower exposure over a longer period may
intensify the cancerogenic response and that an inverted relationship berw2en dose
level and latency time seems to exist in the case of VOM. as had already been observed
with other carcinogens. Recently the results of still another animal expeniment with
exposute of Wistar rats to $000 ppm. 7 h/day. 5§ daysiweek. for 52 months was pub-
lished by Feron etal, (1979, b: Ferun and Kroes 1979) in an eventually frutless at-
empt to elaborate suitable parameters for early detection of VO \M-disease 1n man. Eat-
ly effects were a shortening of blood clotting tume and the ocgutrence of swollen and
malformed hepatocytic mitochondria. At 1 later stage progessive tubulonephrotic
changes in the kidneys, foci of celular alterations in the liver with reduced glucose-6-
phosphatase activity in hepatocytes, strong sinusoidal actvity of alkaline phosphatase
and increase of smooth endoplasmic reticulum in parenchymal liver cells were observ:
ed. In the final stage areas of necrosis in the liver parenchyma, focal dilatation of sinus-
oids and prolifersuon of normal and atypical sinusoidal cells, multicentne hepatic an-
giosarcoma and Zymbal gland carcinoma occurred. Feron et al. (1979b) also observed
hepatoceliular carcinoma in three amumals. Surprisingly . the induction of very malig-
nant metastasizing carcinomas of the nasal cavity originating from the olfaciory epi-
thelium and Bowman's gland was noted, which had not been reported before in con-
nection with VCM. 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 parenchymai changes preceded those of
the hepatic stroma, but they stressed the fact that the true relationship between VOM-
induced alterations of hepatocytes and sinusoidal cells has yet to be eiucidited.

34 Toxicodynamics

Prior to 1974 very little ir. formation 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 expenmental animals provoked a large number of
studies which resulted in a flood of publications on the metabolism of VCM.

In 1934 Schaumann reported that in mammals unchanged VCM was excreted via
the lungs after inhalational administration; the pulmonary route is the-main excretory
route of nonmetabolized VCM (Green and Harhway 1975). Blocking of nonprotein
sulphydryl groups in the blood of vinyl chloride operatives, less pronounced after dis-
continuous contact, was observed as early as 1964 by Gabor et al. and indicatzd deple-
tion of the glutathione pool, which has since also been found in exposed rats (He/ier
et al. 1975a). Hepatic glutathione plays a fundamental role in protecting tissues against
avtack by alkylating agents. The appearance of monochloroacetic acid in the urine of
workers exposed to VCM was reported in 1966 by Grigorescu and Toba. indicating
that a polar excretable metabolite of VCM had been formed (Vainio 1978).

Toxicodynamic studies have revealed-that VOV per se is nct the ultimare toxin or
carcinogenic. It is the process of biotransformation (metabolic activation) of VM,
primarily by hepatic microsomal enzymes (mixed function oxidases) that yields shon.
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lived but highly reactire alkylanng imrermediares which are responsibie tor the toxic.
mutagenic and oncogenic efiests. VOM is metabolized rapudly 1o pular nonvolatile ex-
cretable products (Hefier e al, 19753: van Dunren 1978 : Radwan and Hensciler
1975). The toxicity of VCM seems to be largaly determined by the rato of the rela-
tive velozzies of both biotraasiarmanon of the compound and protective detoxifica-
tion of its reactive intermediates (onschder 19%72). The capacity for metabolic im-
nation of VCM in rats is saturable at an aunospheric concantraunn of 200250 por,
50 that abov thu concentraton VCM is metabolized at a constant maxmal veloaity
following a zero-order kinetic. whereas helow 200250 pom 1t 18 metabolized in ac-
cordance with firstorder rate kinetics (Nefner er al. 19753: Bolr et al. 1977).

3.4.1 Uptake and Distribution

Puimonary uptake of VOM from the atmosphese depends on the rate of its merabolism
in the animal’s organism. The atmosphenc concentration of the compound equiiibrates
with the pool of unmetabolized VCM distributed in the animal’s tissues, as has been
shown by complete inhibition of nucrosomal oxidanve metsbolism (8olr et al. 1977a).
8oit et al. (1977a) also concluded that lipids or lis zprotewns, rather than proteins such
s albumin, are the vehicles that transport VEM w2 the blood and from whuch the com-
pound goes into the adipose rissue or is taken up by the liver for metabolic conversion.
Alter onal ingestion and absorption from the gastromresunal tract, 3 “first pass effect’
has to be considered, but an increasingly substanuai percentage of unmetabolized ¥CM
is excreted via the lungs in direct reiation to the dose administered (Iamnade et al.
1976¢). This confirms the finding that VCM metabolism is 3 dose-<dependent and satur.
able process. Pulmonary elimimnation of over 927 withir 4 h of 3 deyse of 300 mg. kg
body wt. admunistered onally to rass was also reported by Feron et al. (1975) in an in.
vesuganon of the subacure toxicity of VCM incorporated in soys beanoil and fed by
gavage in doses of 30. 100 and 300 my kg daily, 6 days/week. for 15 weeks. They
found 3 significant increass in liver<obody weight ratio and hypertrophy of the endo-
plasmic reticulum of hepatoctes as indications of a toxic erfect at the highest dose
but only minimal histological changes in the liver, [n 3 second experiment, they fed
fats on a diet conwining PVC powder with 3 high monomer content and observed that
almost all the VCM was released from the PYC powder during passage through the in-
testinal tract, but enly about 10 mg VCMkg body wi. per day couid be adminustered
in this way.

Percutancous absorption was studied by Hefirer et al. (1975b) in male Rhesys mon-
keys following wholebody exposure (head excluded) to concentrauons of 7000 and
800 ppm of ** Cdabelied VO for 2-2.5 h. The quantity absorbed via the intact skin
was neglipible (00270 .03%) and mes: of it was expired.

Studies of the distribution of [1,2.'*C]dabelled VCM in the body clearly revealed
that the liver (predominant sire of merabolism) arid the kidneys (site of excreton of
polar metabalites) econtin the highest coneentrations of ' * € actinty, followed by
spicen, lungs and small intestine (Waranzbe et al, 1976¢; Bolr et al. 19763, b). Liver,
kdnevs, spicen, Jung and small intestins (in this orcer) also contain the largest amounts
of imeversibly protein-bound metabolites (Bolr et al. 19763). Only minor amounts of
irreversibly bound metabolites of VCM were found in muscle, adipose tissus and brain.
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Total radioactivity 48 h after a single exposure decreased considerably in these organs.
in accordance with the relatively rapid meabolization of VCM and excretion of its
polar metabolites. In contrast, the amount of irreversibly protein-bound radioactivity
remained constant during this time. Buchrer 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.

342 Meubolism

3.4.2.1 Relation berween Chemical Structure. Reactivity and Mutagenic or
Carcinogenic Effect

Before discussing the metabolic pathways of VCM (monochloroethylene) and its pre-
sumpuve toxic intermediates two features of the chemical structure of this compound
should be menuvoned. Vinyl chloride is 3 monohalogenared ethylene and its chiorine
substitution is asymmesmic. Chlorination of alkenes (olefinic compounds), in general,
tends to stabilize the double bond by exerting an electron withdrawal effect on the
carbon atom involved. Thus, the chemical reactivity of aikenes decreases with increas-
ing degree of chlorine substitution, as was shown in 1968 by Williainson and Creranovic
for reaction rates with ozone. Vinyl chloride, as a monohalogenated alkene, is the least
stable compound with the highest reaction rate in the series of chiorinated ethylenes
and ranks next to unsubstituted ethylene,

Secondly, the first step in the oxidative metabolism of all chlorinared alkenesisa
transiormation to epoxides (oxiranes) which are shortdived. hughly reactive electro-
philic intermediates (Bonse et al, 1975 Henscitler 1977b). Such chlonnated epoxides
may react, by alkylation, with essential cellular constityents, a mechanism which
Rannug et al, (1974), Barrseh et al. (1975a, b) and Malaveille et al. (1975) claimed to
be responsible for the carcinogenic and mutagenic effects of VCM and vinylidene
chioride. Epoxides resylting from biotransformation of asymmemcally substinsted
ethylenes, such as VCM, vinylidene chioride and trichloroethylene, seem to be particu-
larly unstable with increased electrophilicity and thus enhanced alkylaung effect.
Their mutagenicity and, inversely, the nonmutagenicity of oxiranes of symmerrically
chiorinesubstituted ethylenes was indicated by the studies of Greim et al. (1975,
1977).

3422 Mﬂabolic‘ Pathweys

From 1974 onwards the fate of VCM has been studied extensively in vitro with rat
liver microsomes in the presence of 3 NADPHgenerating system (Kappus et al. 1975,
1976; Barrsch et al, 1975b, 1976, Malaveille et al. 1975 Bolt et 3). 1976a; Pessayre
et al. 1979), with the aid of isolated perfused liver preparations (Radwan and Hensch-
ler 1975, Bonse ex al. 1978 Radwan 1977, Henschier 19774) and in vivo (He/neret al.
19753 Waranabe et al. 1976d, 19784, b: Bolt et al. 19773, b) in both control animals
and animals pretreated with various types of enZyme-inducing and enzyme-inhibiting
substances,

Present biochemical knowledge strongly suggests that the first step of the predo-
minant metabolic pathway is the oxudation of the doublebond of VCM by the hepatic
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microsomal mixed-function oxidase system. fomung chiomethvlenc oxnde. a chemical-
Iy highty reactive epoxide (Fig. 1). A neghgible amount of VCM can be metabolized
via the formation of peroxides, very unstahle compounds decomposing rapidly to car-
bon monoxade. HC! and formaldehyde which, however. do not seem to play any ap-
preciable role in the toxicity of VCM (Henscider 19770). [t has aiso been shown that
in wirro an arnsical superoxide (O generaung system can replace rat liver microsomal
svitems 2nd trarsform VOM to the active intermediate (Kappus et al. 1975: Bolt er al.
19762). The 2poxsde rearranges spontaneously to shloroazetaldehy e, wiich is rapudly
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Fig. 1. Metabolic pathways. Adapted from Hengchler (19770)

metabolized to monochloroacetic acid. Both chioroaceraldehyde and monochioro-
acetic acid are also metabolites which are chemically reactive but less potent than chio-
roethyiene oxide. All three intermedistes can be detoxified by conjugation with non.

protein sulphydry| compounds (glutathione, cysieine) as describec by Green and Horh-
way (1577) Sulphut<containing excretabls mewsbolites such a3 S-hydroxyethylcysteine
(Norpod et al, 1976), Naceryl ${2 chioro)ethyl-cysteine (Green and Hathway 197%),
S<arboxymethyicyneine (Wazanabe et al. 1976a), and thiodiglyculic acid (thimdiacetic
aad) (Hensciier 1977a: Muller et al. 1976, 1978 Miiller and Norputh 1975) have been
identifiec in the urine of exposed workers and animais. A progresvive depression of the
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level ot hepatic nonprotein sulphy dryl content has been observed in rats atter expo-
sure 1o°'VC)M in concentrations from 150 to 2000 ppm for 27 k. No depression was
secn after 10 ppm and a concentration of 50 ppm caused only an inconsistent reduc.
tion (Waranabe et 3l. 1976b). Protein-bound hepatic sulphydryl content remained
unaffected. Hepatic microsomal cytochrome P, 4 o, the coenzyme of microsomal mono-
oxigenases, also decreases linearly with time in animals exposcd to VCM (Rexynolds et
al. 1975b). This destruction of cytochrome P, 5o may prevent further metabolism and
toxicity of VCM (Petsayre et al, 1979).

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

The reactive metabolite of VCM, chivroethylene oxide, is 3 powerful alkylating
agent which covalendy binds to various cellular macromolecules, notably vital protemns
and nucleic acids. By binding to cellular DNA and RNA or eritical proteins the metab-
olite may aiter vital functions and the genetic information of the ceil and thus exert its
hepatoloxuc, mutagenic and carcinogenic effect. Evenrually, however, the only fraction
of the formed epoxide that binds to macromolecules is the one that is not detoxified
by protective scavenging mechanisms such 35 conjugation with cytosolic glutathione or
inactivation by epoxide hydrase. Simultaneous presence of other xenobiotics which
have to be detoxified will impair the effectiveness of the detoxification mechanisms. In -
assessing the risk of exposure to VCM, Henschler (1977a) concluded that there might
be a greater risk in intermittent peak exposures over brief periods than might be ex.
pected from simple integration over time and that the chances for effecuve detoxifica-
tion are greater in long-tetm exposure to relatively low levels,

It was shown by Waranabe et al. (1978a) that repeated exposures of rats to VCM
do not appear to induce its biotransformation, but significantly augment the binding
of the reactive metabolite with hepatic macromolecules and may thus enhance the po-
tential toxicity of VCM. On single exposures of rats 1o increasing concentrations of
labelled VCM ranging from 1 ppm to 5000 ppm, the amount of radioactivity covalent-
ly bound to hepatic macromolecules did not ingrease proportionately to the increase
in concentration but followed a sigmoid curve with low and high inflection points be.
low 50 ppm and above 250 ppm. respectively, when binding was plotted as a function
of the log of the exposure concentration (Waranebe et al. 1978b). This correlates well
with Maironi's report (1975) of 3 linear percentage induction of hepatic angiosarcoma
in rats between 50 ppm and 500 ppm when expressed as the log of the exposure con-
centration.

Metabolites of VCM can alkylate nucleic acids. a commonly accepted mechanism
for carcinogenesis. Covalent binding 1o the adenosine (Barbm et al, 1975; Laib and
Bolt 1977), eytidine (Laid and Bolt 1978), and guanine moiety of nuclec acids (Uster-
mann<Golkar et l, 1977) has been described. But the degree of covalent binding of
electrophilic metabolites of labelled VCM to hepatic nucleic scids seems 10 be very
small (Waranabe et al. 1978, Laib and Bolr 1977). Laib and Bolt (1977) presented
evidence showing that the alkylating potency of VCM metabolites cannot be deter.
mined solely by measuring the incorporation of label into nucleic acids after exposure
to radioactive VCM. Waranade et al. (1978b) concluded that covalent binding to
nucleic acids is not the preferential reaction, but they pointed out that this does not
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exzlude the posibility of other, more subde interactions which may impair the control
ol cellular replicanon, Alkylation of nudew acids. however, cannor at present he ex.
oluded as the mechanam for VCM{nducsd carcinogenesis after repeated expasure and.,
adove all, in the target cells rather than the nepatocytes. ;

This aspect s2mes on 10 an ynresolved nroblem on whuch future expenmental
work will have to focus. Although the site of formation of the active mewbnilite is the
endoplasmic reticuium of the hepatocyre. the liver czll wself is not parncularly suscep-
nble te VOManduced toxcity  dcute hepatocellular injury has not been vhserved mor.
phologwcally after exposure to VCM unless prerreaunent with potent indugers of the
mxed function oxidase system had preceded the exposure;in pretreated rats centro-
lobudar. midzonal and panlobular kegatocellular vacuolizanon and even necroms was
found (Jaeger et 2], 1974, 1975. 1977 Rexnokds ev al. 19752, 1976: Connily et 3.
1978). Secondly. the site of carcinogenicaty 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 followng four most likely pro-
cesses are effective, either singly or in conjunction: (1) The active metabolite leaves
the hepatocy® and it conveywd to the endothelial cell. (2) The endothelium itsslf has
some metabolic capacty (Boir 1978), 23 may tixsues of organs other than the liver.

(3) Meshanisms for the detoxification of the acsve metabolite(s) are insufficient in
tissues other than the hepatocyres. (4) Repar mechanisms for the correction of aber.
rant ceil replicauon are less effecuve than they are in the hepatocyte (Watanabe o1 al.
1978b). .

An equally puzzling problem is the role of VCM in the pathogenens of the distal
nunneoplastuc vaseular lesions which are responsible for tie development of the tnad.
Raynaud’s phenomenon. sclerodermoid skin induratons and acroosteolysis. This syn.
drome was the earliest indicauon of adverse effects of chronic exposure to VCM in
man. Besides. its latency period was connderably shorter than esther the nonmalignant
liver lesions or anposarcoma of the liver. Whereas it is now established that hepauc
bioactivation of VCM plays the central part in the pathogenesis of both nencirrhotic
poral {ibrows and angiosarcoma of the livet. it 18 not at all clear whether the develop-
ment of the acral lesons is due to VCM itself or to active metabolites which may exent
a direct or indirect toxic action on (3) medullary vasomotor centres, (b) the sympathe-
tic nervous system, (¢) tmooth muscle cells of the media of snerioles, (d) endothelial
lining cells of smail anenes (with fbroblast transformation and endothelial prolifera-
tion) or whether (¢) the action is medizted by the formaton of immune sompiexes.

e

4 Clinical Spectrum

During the mid-1950s it began to emerge that chronic occupational expasure to VCM
might prove to be not quite as harmiess as had been claimed. The historical synepsis
presented in Table 7 summarizes thom clinical studies from the wosid literarure that
marked the grzdual recognition of the full spectrum of damag: dus to this new oeey.
pruonal hazard,
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Table 7. Gradual emergcnes of evidence for V'O M-assoviated pathology

Year

Refermnce

Findinpx

1949

1954
1957
1957
1960

1961

1962

1966

1967

1967
1967

1963
1971

197
1972

Tribukh et al.

Smirmaova

Fustova and Gronsberg

Kubora
Danziger

Smirmora

Sucwu et al,

Condier et al.

Harris and Adams

Benoir
Wilson w1 al.

Antonyuzhenko
Dinman etal.

Dodson et al.

Kramer and Mutschler

Hepatomegaly. more or less marked "amicteny
hepatitis™, “chtonic 2astrins’, hypoteaann,
anaemua, skin lesions

Toxic anponeurosis
Toxic anponeurosis
Symptoms similar to Raynaud’s phenomenon

Two cases of acoidental 1313) poisomng by VCM,
I nonfatal acute overexposure

Revensible osteolytic lesions of distal phalanges.
Pscudociubbing, thickening of skin nn vola:
side of {orearms. slight haemolysis and reugulo.
cytosis

CNS. prenarcotic symptoms (dizziness euphorid,
somnolence). nervousaess, insomaia, dlunting
of memory, general asthema, headache

Vascular: Raynaud’s syndrome

Dermarol.; pruntus. revensible sclerodermalike
skin induration, chemical and allergic dermants

Digest. symproms. anorexia, nausea, fullpess.
hepatomegaly without hyperbilirubinaem:a,
splenomegaly

Endocrine: hypothyroidism

Raynaud's syndrome, sclerodermalike <kin
changes, acroosteolysis. pseudoctubbing., joint
pain, tiredness, sieep reversal; 2 vpisodes of
acute overexposure (loss of consciousaess?

Acroosteolysis, skin lesions. Raynaud’s phenom-
enon. pseudociubbing, involvement of sacrodiac
joints and patella. hepatomegaly with peruistent.
ly raised serum bilirubin. Skin biopsy

Arteriography. Skin and bone biopsy

‘Occupational acroosteolysis’ with Raynaud’s
symptoms. sclerodermalike skin changes.
preudociubbing

Mentions thrombocytopenia
Prevalence of acroosteolysis and Raynaud's
phenomenon

Vasculsr lesions preceding the bone iesions

Increased BSP retention and raised icterus index
related to degree of exposure
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Table 7 icontinued

Year Reference Findings

1072 Mertowies ¢t . Progressive tckznimg ot hands and forearme,
Jrthralgia. Blanching uson expoture (o 02ld
with vanoss of hands accompamisd by severs
pain. Skin Yiopsy

Jine and Lange 1+t Germor rzpart of T workers with sgiercderma-
like sk:n lewons. Ravnaud's syndrome, and
acrousteoly us. Tests showed abnormal liver 1
<. occlusion of dig:tal artesies in | worker

Marseeiler et 1. Noncirrhoue portal fibross with portal hy per-
tenaon and splenomegaly

Crevch e1 3. 4 cases of angosarcomy of the liver

4.1 The Triad: Raynaud's Phenomenon. Pseudoscierodenna and Acroosteolvsis

A first indication of adverse eiTects due to chromic VCM exposure arose in workers at a
plant produang VCM who presented with symptoms simuar to Raynaud's phenome.
non (‘toxic angioneurosis”). This was reported by Smimora in 1954 and later desenibed
in derail in her thens (1959). The syndrome was found predominandy in laboratory
personne] who had intermirtendy been expesed to high concentrations of VCM during
hourly sampling for chemic:) analysis (punty of the produat). In 1954 Raynaud’s syn.
drome was also observed among several workers at 3 Japanese PVC producing plant
(Kubota 1957). Apart from 3 painful vasospastic disorder of the hands. impaired ther-

moregulation, acrocysnosis, ; mitive cold test, capillaroscopic alterauons, paraesthesias,

and CNS symproms such 23 headache, blundng of memory and sleep reversal, Smirnova
(1954) alsc mentioned sweiling of fingers and developmen: of circurnscribed skin in.
durations on the volarside of the forearms in those most severely afiected. In addition,
there was evidence of mild haamolysis (borderhine anaemia., decreased osmouc fragilicy
of red celis, urobilinusia, and ret:culocytosis;. [n 196] Smirnove descnbed radiographic
svidence of destrustive bone lesions of termunal phalanges in the hands identieal with
acroosteolyuis in thiee workens at 3 PVCproduang plant (one fitter, two centrifuge
operators) after exposure for 3-9 years. Since these bone lesions developed in con-

| juncton with Toxic angoneurosis’ snd since complete recalcification of the defecs

was found in twe workers J years after removal ftom exposure, Smemore believed the
lesions to be characteristis of chronic VCM intoxication. She pointed out that their
reversible character might serve to distinguish the lesicns {rom similar defects ssen in
vibration trauma. [n retrospest, Smirnove’s obsesvations are the earlient descriptions of
the full range of symproms which much later became known as ‘the syndrome of oc-
cupauonal scrcoswolyns’,

In 1963 Sucts er al. (see also 1967 and 1975) publithed the first comprehensive
amalviis of their observation of 3 multiform symptomatology in subactue and chronic

.
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n W.K. Lelbach and H.J Marsielle:

VCMintoxicauon. During a 4-year period. they examined 168 mostly young workers
from two Rumanian PVC-producing plants who had not previously been emploved in
other industnies. [n their classie paper. the authors described in detail the various cen-
tral nervous. digestive, angioneurotic and cutaneous symproms (listed here in their
order of manifestation). Acroosteolyns, howrver, was not mentioned. Episodes of
acute overexposure (usually occurnng at the end of a bateh run. dunng retnieval of
unreacted monomet, or at repair jobs) rapidly resulted in 3 s1ate of lighr-headedness
and transient euphona similar to 3 mild degres of inebriety and were accompanied by
a feeling of heaviness in the leps and disturbed locomotor coordination. Several workers
chiimed to have been able to identify excaping monomer by its faint but agreeable
odour. Apparently Jduring periods of particularly high ambient concentrations, workers
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 cartied out into the open air. After s few months of
work. unusual fatigue and sleepiness set in, there were complaints about persistent
somnolence, even outside the work premises. and a tendency to fall asleep at the work
place. particularly duting night-shifts. In addition, headache, dizziness, irntability,
blunting of memory, paraesthesias, and general weakness were reported: some workers
noticed insomnia or sleep reversal. )

A reappraisal of these nonspecific complaints (see also Fale et al. 1976) 6 years
later, after improvement in industrial hygiene, revealed that the frequency of their oc-
currence had considerably decreased (Sucw et al, 1975). Following a prolonged penod
of repeated overexposure, vague nonspecific digestive symproms also developed, such
as anorexia with ensuing weight loss. nausea, fullness. upper abdominal dissomfort,
bloaung and epigastric pains. Enlargement of the liver was found in 51 workers (30%);
in 6™ there was also splenomegaly. Classic Raynaud’s phenomenon was found in 6%,
but 3 tenfold higher percentage of the total work force thowed evidence of vasospastic
alterations on plethysmography (Raucher et al., cited by Suciu 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 deveioped in gpme workers, involving the dorsal
sutface of the hands, the volar side of wnsts and Yorearms and the face, with tirm
thickening of subcutaneous tissue or formation of whitish papular or slightly elevated
plaquelike indurations. The cutsneous manifestations largely disappeared 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 247% was recorded, with return to nor-
rmal after a break from work or during holidays.

With the exception of acroosteolysis and the two most alarming late sequelae =
noncirthotic portal hypertension and hepatic angiosarcoma - Sucns’s early documen-
tation of the prevalence of disease in PVC production workers encompassed a com-
paratively complete description of the various aspects of chronie VCM intoxicanion.
Later publications supplemented the spectrum of knowledge mainly by providing ad-
ditional information on tpidemiological, roentgenological. thermographic. angiograph-
ic, and histomorphological aspects of the lesions encountered in subjects chronically
exposed to VCM,
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The discovery of unusual osteolytic detects m the Jistal phalanges of the hands ot
two Belgian autoclavs cleaners who had sutfered from Raynayd's phenomenon and uie
slasuiiable degencrauve lenons of the dermai connectve tssue (Cundicr ot al, 1966)
markes the rezozution of thus aew occupauonal disease in the Western ‘Worid, Tiie
fyndrome was termed ‘occupanional acroosueniyus  (QAQOL), and duning the foiowing
3 231 2 numbs¢r of additional cases were reported from France, Great Bntain and the
Usited Seaves. Latar Lesérre (1972) who togethier with Cordivr descnbed tae st two
cases o OAOL. reponed that a subsequent invesugation reveaied another "en cases in
the vanous planu atfiliated to the sanw corporation 1n Spaun, ltaly and Brazil. By the
end of 1979, 2 total number of 126 cases had been published in detail (Tabie 8). The
vascular phenomena preceding or accompanying OAOL comprise 3 broader range of
symproms than those chancteristic of Raynaud’s syndrome. The conditions serms 10
Bepin with i-desined pans in fingers, wrists and also large joints (shoulders, knees):
the lingers are nump and tingling. tender on palpsuon, handgnp and tappng finger
ups on hard surraces is painiul; there 1s increasing senntsvity of the hands and fingers
to cold accompanied by a tendency to syanouc discolourauon. In some cases. the toes
are likewuse affected. Larter, classic Raynaud's phenomenon develops (sudden appear-
ance of painful. sharply demarcated blanching) and, concomitant with the onset of
osteviyuc processes, there s a shortening and broadening of the tegrunal phalange
with stration of nails (pseudociubbing).

Table 4. Publicanions on ‘Occupational Acroosteoiysis’ since 1966

Year Country Number Authors
of cases

Cordigr et al.

Benou; Charelain and Yordlon
Bournchon (cnted by Mann ¢t al. 1967
Harris and Adams

Wilton et al.

Angheicscy ot al,

Kored et al,

Dinman et 3l,

Markowsrz et 2.

Jike and Veltman: Stein et al. 13, b)

1906 Belgium

1967 France

19¢7 France

1567 United Kingdom

1987 Usa

1969 Rumaria

1969 Yugoslsvia

" usa

1972 USA

1972/1973  Fead. Republic of
Germany

1973 Japan

1974 France

1974 UsSa

1975 USA

1978 United Kinpdom

1976 United Kingdom

1978 Brazil
1979 Isranl

L™
tdee @MbsesJaanily

f

Takeuchi and Mabuchi 3
Moulin et al,
Trapp et al,
Lilis et al.
Srewurr et al.
Presron et 3..: Walker: Mitchell Johnston
(1978)
Game and Meire
* Hahn at al.

N [N T YN

3 One o 2 clear caser, in addition. 48 suspevted cases isee Sekade 1975
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4.1.1 Familial and Idiopathic Acroosteolysis

Actoosteolysis is a vesy rare diseass. The aenology and pathogenesis of this condition
is still obscure. Osteolytic bone changes in lare stages of so-called Raynaud's dissase
(accompanied by necrosis and gangrene), characteristically presenting as loss of part or
of an entire distal phalanx of one or more fingers and also of toes, have been mention.
od in the literature since 192} (Asonann 1921 : Monalhan 1926; Borak 1927: Kormblum
1929). Kernblum attributed the lytic bone defects 10 vascular abnormalities and noted
that he had found identical lesions in eacly stages of scleroderma and in leprosy. The
term acroosteolysis was first introduced by Laroche and Hochfeld (1943), who heid 2
neuroendocrine syndrome responsible for the lesions. Independently Harnaselr (1949)
reported another case of symmetrical idiopathic acroosteolysis, particularly involving
the terunal phalanges of the fingers with preservation of rufts, progressive clubbing
and shortening, and ill-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 pertsin almost exclusively to mutilating proces.
ses involving only the feet, with recurrent ulceration and discharge of bone fragments
(see also Harms 1954). In 1957 Liévre and Gamna listed |6 observations of 1diopathic
acroosteolysis and commented extensively upon these lesions; the whole range of dif-
ferential diagnosis (various congenital, neurogenic and endocrine osteolytic diseases.
leprosy, arthritis mutilans, progressive svstemic sclerosis, ainhum ete.) was considered
in their study and could be rejected with reasonable certainty. In a later review,
Cheney (1965), who added another four cases of the familial type, stated that this
variety and the nonfamilial idiopathic type may actually belong to the same disease
entity and may be part of 3 degenerative bone process more generalized than the term
implies. It was the puzzling character and the rarity of this peculiar bone lesion that
captured the attenuon of site medical personnel and industrial hygienists when in
November 1963 the condition was detected in two Belgian autociave cleaners (Lefévre

Vinyl Chior

exclusively -
only 25 cles
defined as ¢
enon; |8 of
~ith experic
dmme were
jobs. both re
(1 case per 7
appeared no
was detectec,
use for react
sntry into 1+

Table 9. Pre:

Country

France

Usa .

United
Kingdom

Fed. Rep. !
Gemany

United }
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. Langeand I,
Attempts 3t assessing the prevalence of OAOL among personne! involved in VCM ologcal 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 population at risk. were affecied
Hubler et 3l. (1977) considered the fact that only 3% of all workers who had been eold, 15 worl
engaged in manual cleaning of autoclaves at a Belpan plant suffered {rom OAQL and morbidity wa
Raynaud's phenomenon to be indicative of the importance of individual factors. found classic
Wilson et al. (1967) observed 31 cases among 3000 employees of one large company. numbness an
In 1971 Dinmen et al. conducted s survey in 32 plants belonging to 19 corporations 8.7% and invc
throughout the United States and Canads. The details of this elaborate epidemiologi- Allen test ind
¢l study, comprising 3 total of $011 employees, illustrates the difficulties and limita- people with p
tions encountered in a rewrospective study of this dimension. All of these 5011 workers preudoclubbe
had been engaged in various stages of VCM and PVC manuracturing, but 1257 of them finding that ti
were workers who only handled finished PVC polvmer. Five of the 30 plants worked durstion of p.

4.12 Epidemiology of Occupational Acroosteolysis
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exclusively with the Jaished PV'Cderived consume:r products, D et al. found
only 25 clear<ut cases of OAOL among the 5011 emplovees (mean age: 35.8 veanl.
defined 2s charsctenstic Xoray tlim abnormalities combned with Raynaud's phenom-
enon: 18 of them had deen cezgtor cleaners at some time: another 16 wdivduals (10
with expenence in reactor cleanmg) with early stages or minimal degrees of the svn-
drome were suspected o1 suiTenng from OAOL. It eme:ged that the two lowest-puld
jobs. both reactor eleaning and bagping racking, had 3 strong assocunon with OAQL
V1 Zae per 72, or 86 workers at i3k, respeouvery ). Manpuianon of te finished polvmer
appraed not to be anocated with 3 nsk of contracung OAOL. Only | 2ase of OAOL
was detected in those plants where high-pressure water lances or solvents had been in
use for reactor cleaning. Furthermore, it seemed that tie extzat of degassing prior 10
entry into the sutoclaves correlated with the manifesiauon of the disease.

Tabile 9. Prevalencs of acral dissase v VCMexposed populanons

Number of caues

Site of Classical Severe Sclero-
goup -Raynaud’s senstvity  dermoid
Country atnsk OAOL  phenomenaon to coid skin lemons  References

France 130 s 13 Jenowr 1967

USA 35« =0 63 ° Lilis et al. 1978

Chited it [ Walker 1976
Kingdom

Fed. Rep. 100 k )] Lanpe and
Gemiany Veltman 1977

United 102 - Muncq et al.
Kingdom 1978

Total 725 20(A3T) TUSHRL I 16%) M~ 6%

More commonly seen thar OAOL were Raynaud's phenomenon (see Table 9) and
related sympioms of abnormal perizheral circulztion (Benoun 1967, Lifis e1 3. 1975
Lenge and Veltman 1977). Benoir pointed our that 3 complete medical and rosntgen-
ological checkwup of all 528 smpioyees at 3 French PVC.producing plant revealed
pathologeal manifestations only arrong the group of 130 reactor deaners of whom 32
were affected (OAOL. 5; Raynaud’s phenomenon without QAQL, 12: sensitivity to
cold. | § workers). He stressed the fact that in this group of workers at risk the overal]
morbidity was almost 25%, Simifar results wers obtained by Lilis et al. (1975), who
found classic Raynuud's phenomenon in $.65% of 354 heavily expnsed PVC workers,
numbnaess and tingling in 23%, excentive sensitivity 10 cold in 18%, preudociubbing in
8.77% and involvemant of the toes in %, Bexides. in 26.6% of the total 4n abnermal
Allen test indicated impaired pesipheral arterial circuiation. It was noted that in some
people with past exposure Raynaud's phenomedsn had gradually faded, whereas
paeadociubbing persisted or even progressed, Most important, however, was Lilis*
finding that the prevalence of afl these abnormalities inereased sigrificantly with the
duration of past exposure to VCM.
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k1] W.K. Lelbach and H.J. Marteller

Occupauonal acroosteolysis is & condition predominantly observed in younger
wotkers. The age range was 2035 years and halt’ of all cases reported fell in the 3039
years agegroup. Duration of VCM exposure prior to onset of Raynaud's phenomenon
ranged from | to 23 monthu (Dudson et al. 1971). For OAOL the latency period was
at least 12 months (Wilson et al. 1967): in most cases. OAOL developed inmdiousty
within J to 4 -6 ycars. There is at least one patient on record in whom OAQL was first
discovered two years after termination of exposure (Bcnioir 1967). Lonpitudinal studies
of the bone lesions demonstrated partial or complete 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
(Williarns and McLachian 1976). Stein et al. (19734, b) teported partial healing with
restitution of tutts but progressive lysis of the proximal portion of terminal phalanges
3 years after termination of exposure,

Although OAOL developed predominantly in PVC production workers who had at
least for some time been engaged in reactor cleaning. the syndrome has also been obd-
served in agsociation with other job assignments which were believed to carry a sub-
stantially lower risk of exposure. Trapp et al. (1974) reported a 3|-yearold wiute male
suflering from Raynaud's phenomenon, clubbing of the fingers and typical bilateral
acroosteolysis, in whom specific inquicy revealed that his employment by an industrnial
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 § yeans® em-
ployment as spray dryer/bagger, preanix operator, recovery and charpng operator who

had never cleaned autoclave vats (Srewarr et al. 1975). According to routine plant

monstoring 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 in 1966 at the end of his first year dunng an
earlier suevey of OAQL were nommal: in 1972 he presented with Raynaud's phenom-
enon, pseudoclubbing, typical OAOL and dermal thickening of hands and wrists. Ar-
teriography demonstrated nartowing of most digital areries, sven in fingens without
bone Jdefects. and abnormal collections of small vessels in the pulps of deformed
finger tips, but no vaseular ocelusion.

Apan from the chemical insult by inhalational (rather than transdermal — Dinmen
et al. 197].Srewart et al. 1975) exposure to VCM, individual suscepubility or idio-
syncrasy appears to have played some (undefined) role in the development of the syn-
drame. It 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 as had been speculated by Wilson
et al. (1967),

4.13 Clinical and Roentgenoclogical Features
4.1.3.1 Occupational Acroosteolysis

In the majority of cases osteclytic lesions are confined to the hands. Invoivemnent of
the feet was observed only rarely in QAOL. Wilson et al. (1967) belicve that DAOL
diffens from familial or idiopathic acroosteolysis in several respects. Although the bone
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ounger descts in the distal phalanges are similar in both conditions, vther features. such a3
o it} in the 30=39 OSIEOPOIOUC COMPressIon [racturas ot the spine, basilar impression fracture of the
:3ud’s phenomenon skull. deszruction of mid-phalanges or osteosclerotic changss of wrists and hand bones,
"tency penod was shonening of metacarpals and corucal thickemung of the shaits of long bunes seen in the

*vped inndicusly nonozsuranional Tvps have never been found in OAOL. Wifson ¢ al. worked out roen:.
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geaologcal cniena for the diagnous of OAOL:

1) The eaclizst changes in OAOL are margmal Jefects and loss of sortex in uis of
one or more of the termunal phalanges of the hands.

2) In the next stage this is followed by small hali-moon’ cuts in the sortex of the
ufts. or 8 so-talled slics aifect along one or more rufts.

3) The advanced stage of destruction s characterized by either 2 comelete loss of
tufis together wath 3 poruon of the shaft or there may be transverse or oblique bone
defects (see Fig. 2) cunting off the sharts from the remaining distal nm of the tuits
(‘bandlike acrocsteolytis’).

Fig. 1. Occupational acroosteoiysis. Transverse or oblique boas defecn (*bandlike
acroosteciyus” or partal loss of terminal phalanges in all fingens of both hands. (3 3.
year-old autociavs cleaner: duration of expasure 3 1/2 years)

4) In the healing stage there may be either complete bony union with shortening
and broadening of the residual parws of the end phalanx ot 2 fibrous umon of bone
fragmenws. Fingertips remaun shon and plumnp with penistens clubbing of soft tissues
and increased lateral and lonprudinal curvature of fingertips.

Sodium Nuonde * *F scinriscan dat of affected bores suggested that active de-
minenlizzuon (resorptive) and reruneralization (reparative) processes may oegur 41
multaneously even in the same Mand (Dodson e al. 1971). In some cases. bones of
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vther body regions were also involved. Erosive and scleratic changes in the sacro-iliac
joints and circurnseribed resorptive defects (cortical erosions) in patelfa. clavwle. man.
dible, humerus, styloid process of ulna, femoral condyles, os caless, cuneiform and
metatarsal bones have repeatedly been observed (Condicr ¢t al. 1966 //urrit and Adams
1967 Dodson et al. 197] . Jihe et al. 1974 Lange et al. 19743: Presion et 2}, 1976:
Jayson et al. 1976a; Lange and Veltman 1977).

4.1.2.2 Pseudoscicroderrna

Concomitant with the manifestation of paracsthesias, pain, tenderness of the fingers and
Rsynaud's phenomenon, cutaneous lesions similar to stigmata seen in progressive scle-
roderma develop with thickening of the skin of fingers, hands and forearau, sometimes
accompanied by swelling or puffiness and coarsening of the skun of the face (mostly on
the forehead and cheeks). Raised, ivorycoloured, firm nodules or elevated, sharply de-
lineated plaquelike skun indurations are seen on the dorsal surface of fingers and hands -
and on the volar side of the wrists and lower 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.

Table 10. Diiferenual diagnosis: syndrome of occupational acroosteolysis ( Raynaud’s
phenomenen, sclerodermoid skin changes, AOL) / progressive scleroderma with (rare)
osteolytic lemons .

Occupational AOL Progresuve scleroderma

Sex rauo Exclusively 4 @ =]

Hands Clubbing and shortening - Atrophy and tapenng off
of finges tips; hyperhidrosis:  of fingertips: anhydrosis:
no ulceration wicerative lesions

Penora! puckering of skin  Not observed Common

Skin appendages Preserved Loss of skin appendages

Telang:sctases . Notobserved Common

Shortening of frenuium Not observed Early sympiom

Subcutaneous deposits Not observed Common
of ealcium salts

Dysphagia (oesophageat Not observed Common
invoivement)

Renal, cardisc and Not observed (Common)
intestinal invoivement

Occupationsl history Obligatory -

Prognoss Favourable (skin and bone Usually spontancous
lexions tend 10 heat after progression
removal from eaposun:)

Vinyl Chiloride-
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ining szlerosis of the skin with tspenng otT of fingertips was never seen in the ocsupa-
uonal syndrome. After cestation of exposure the sikin lesions seem to regress more
readily than the osteolytic changes.

4 14 Histology
4 ;4! Catancous Lestons

Sevena investigators described the histomorphology of skin lesions in vinyl silonde
disease (Cordier et al. 1966, Harrrs and Adamy 1967, Marn et al. 1967, Markowir: et
al. 1972 Lange et al. 1974a; Velrman ev 3l. 1975, Walker 1976 Hu/in et al. 1979), but
we found only one description of bone histology in OAOL in the Literature (Benou
1967 Marin et al. 1967). Skin biopsies showed various degrees of dermal. vascular and
neural changes which were essennally ideancal in pauencs showing OACL and in those
who sutfered ‘merely’ from Raynaud's phenomenon.

Dermal changes eonssted of hyperkeratoss and pronounced thickening of the der-
mis with disonentation. swelling and nonfibrilary eosinophilic homogenization of
broad interlacing collagen bundies. Thers way some degree of interstinal oedema which
fantly stuned metachromatically with toiwdine Ylue, alcian blue and pertodic acid-
Schuff (PAS). Aninflammatory reaction with infiltration of lymphoeyvies and a few
histiocy'tes was scanty and, if present at all, of predominantly penvascular distribution.
The most notable feature was marked disorganization, fragmentation and rarefication
of elastic fibres. In areas corresponding to nodular or plaquelike skin indurations. the

- full thuigkness of the derteis consisted of an aceilular, partly hyalinized collagenous us-

sue. Skin appendages wers preserved, In 15 apparendy less severely aifested workers,
tvalker (1976) found only some destrusuon of eiasne tissue of the dermus, probably
not exceeding normal age changes: in one ‘sorker wath severe Raynaud’s phenomenon
some fibroys thickening of the madia of dermal arerial was sesn,

Vascular lesions affected capularies and small dermal arteries. Numerous dilated
capillaries wers seen in the subepidesmal papilae with swelling of endothelial cells
and pencapilar oedema. Capillaries of the sutis showed surtlike hy perplasia of pen-
theliai cells with fibroblast transformation, hyalinosis of vesse| walls and final oblitera-
ton of lumina. Marked medial thickening of Jermal anierioles, due to hypertrophy of
myocytes. wi accompanied by panetal fibrons and hyalinous, which niumately led
to narrowing of even complete occlusion of the lumen.

Degenerative lesions of small Jermal nerves wers mentioned by French investigators
(Ber-wr 1967; Marn et ab. 1967; Charelain and Morillon 1967). They found sclerosing
hyalinos:s of the perineunum with atrophy of neurofibrils. Tactile corpuscles (Wagner-
Meissner, Pacini) were unaifected.

wd. 4.2 Bone Lexions

The mast striking fearure in 2 biopty specimen of the bone. obiained from a French
worher with QAOL (case <= of both Benoir 1967 . Marn et al. 1967) was marked thick-
ening and hyalinization of the penosteum with chondroid mezapiana of the inner.
most [aver. Supplying capilfaries and anerioles showed occlusive changes identical with

Ty NS R RS _
SR Se AN
gﬁ? s e SR, x5
-y X5 5 It T

e

046918




A

v : -
: sm Sk & B-Lisel
nyt ity aie B LER ST o AW,

Shri
AR
Al Rt o)

3 Iy

"'_..,'.1’ 2
A

2w
. A0} T
»

)

4
¥
: .4

A 17 B i AL A TR ¥ (A

b

N o '
’ »
yipgt d
N 1 =4, M r
P R Y L S R Le s A s

Shp
W

el
.

™
7

: "{

LR TS P T TR N
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thuse observed in the derrus. The bone matrix per s¢ was barely affected. There was
mimimal thinming of conex, normal spongy bone and only mild fibrosis of the bone
marrow.

Expenience wath histomorphulugy ui boune lesions in the famihal and idiopathie
repe of acroosteolyss is limited. In the fow cases where biopsy material could be ob-
tained, there was replacement of bone by nonspecitic fibrous tissue. but inflammatory
and degenerative changes ot osteoid formation were not found (Dipas et 3l. 1936.
Elson and Bumstein 1953, Grecnberg and Street 1957 Schwarswerlcr 1957),

In this context. it should be kept in mund that 1ol succeeded in reproducing
dermal, vasculaz, neura) and skeletal lesions in the skun of the paws and in small meta-
tarsal bones of experimental animals wiuch were very similar 1o those observed in man,
Viols exposed rats to 30 000 ppm VCM. 4 h/day. 5 davs/week. for 12 months and de.
seribed the histology of these lesions in detad (1970b),

4.1.5 Anenography, Capillaroscopy, Infrared Thermography

Aneriographic evaluation of the vascular tree of the hands revealed patency of the
large arteries tn all cases examined. Tlie vascular lesions were almast invariably con-
fined to the small digital artenies, although the superficial and deep paimar arterial
arch may occasionally show some narrowing and a paucity of side-branches (Lange et
al. 1974a; Moulin et al. 1974). The most prominent arteriographic features were ir-
regulanties and segmental stenosis of digital arteries. ranging from localized or diffuse
narrowing to subtotal ot even toral occlusion with deveiopment of collateral vessels.
Besides. 3 conspicuous retardation of flow of contrast medium was noted. and peculiar
tortuosities of patent dipital arteries were found. Circumscribed hypervascularity of
the terminal tufts and in the region of the wrists was noted in some cases (Benoit
1967 Lange et ai. 1974a; Veltman et al. 1975; Preston ey al. 1976: Stevarr eval.
1975 Gama and AMleire 1978). Angiographic findings in a larger group of 19 symp-
tomatic PVC workers with either Raynaud’s phenomenon and/or acroosteolysis (5/19)
were recently described in detail by Aoischwirz et &1, (1950). Raynaud’'s phenomenon
had been observed to persist in these patients for prolonged periods afier ternunation
of exposure and even sfter roentgenoiogical evidence of healing of resorptive bone
defects in those who had formerly suffered from sctoosteolysis, In addition to vary-
ing degrees of stenosis or occlusion of digital arteries with reopening of smali coflar.
eral vessels, acral hypervascularity and considerable retardation of perfusion in spite
of premedization with tolazoline (Priscoline, U'nited States). the most conspicuous
features observed in the majority of these patients (14/19) were circumscribed elonga-
tions and tortuosities of digital arteries resembling cirsoid aneurysms. An example is
shown in Fig. 3 of generalized tortuosiry and elongation of digital arteries in 3 54-
yearold patient who started to complain of severe sensitivity to cold 3 years after
cessation of VCM exposure (about | year pnior to death from both angiosarcoma of
the liver and hepatocellular carcinoma). The pathogenesis of these peculiar vascular
alterations is not clear. but the possibility presents itself that they may be due to de-
struction of elastic fibres in the vessel walls in analogy to similar alterations of digital
attenes seen in rheunatoid arthritis (Laws et al. 1963, 1967),
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Fig. 3. Convpicuous turtuoaities and elongatnen of Jdigiial arteries

Studies of microvascular changes by wide-field eapillary micmscopy (direct obser-
vations complernented by photography) of seiected skin sites = such as n=il folds,
fugerpads. dorsum of phalanges and of proxumal interphalangeal joints = demonstrat-
¢d 2 vanety of capillary abnormalities, i.e. dilated or gian capillary loops, paie avascu-
lar arcas, capillary and subungual hasmorrhages. The abnormualities were similsr to
those seen in sclernderma but were usually lest conspicuous. less numerous and of dif-
ferent distribution. In a survey of 3 group of 152 Amenkan PVC workers. thew capil-
laroscopic findings proved 1o be signisicantly more prevalent than in 50 nonexposed
control subjects (Maricg st al. 1976). There was also 3 stavistieally significant differ-
ence in the prevalence of these abnormalities betwesn symptomatis and asymptomatic
PVC workers. The altsrations were not only found in workers with clinical symptoms
of disturbed acral circulation but also in 6 nonsymptomatic males with either VOM.
induced angiosarcoma of the liver (2) or splenomegalic portal hepatic fibronis (4),

A similar survey was later undertaken in an unselected ampie of 129 empiovess of
& PVCproducing chemical plaat in England with 26 emgioyees of 3 aonPVC-producing
chemical plant serving a3 conurols (Varicg et al. 1978). The prevalence of capillary ab-
normalities found in these British workers, which were of the same type and degree.
was comparsbie t0 that in the American sample, although the i3tter included 3 larger
number of more saverely affecied symptomatic patients with greater mean length of
employment (1§ yeans vz 3.5 yeans). In the authors’ opinion, this suggested that VOO.
related disease may develop independently of differences in manufacturing procedures.
1t also suggested that chis easily deiectabie type of microvascular lesion may precede
more scnous VOM4induced disorders. In 2 small subgroup of 15 clinically affected
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British workers who were examuned 6-24 months atter leaving the plant (1emmunation
of exposure), the prevalence of capillary abnormalities was not less than that among
thoss who continued work. For an evaluation of the teversibility of this condition,
however, the group was considered to be too small. The same type of capillaroscopic
changes was also observed in thiee of 4 Polish workers (2 reactor cleaners, 2 fisters)
who were found to suffer from Raynaud's phenomenon after exposure for 2=5 years
(Byeskowska and Langouer-Lewowicke 1974).

Infrared thermography, another non-invasive method, used by Re.y et al. (1974)
for the s:udy of acral circulation, revealed abnormalities of surface temperatuce rang.
ing from marked hypothenmia of termina) phalanges (which are normally 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 s evidenced by infrared
thermography pensisted in spite of complete healing of OAOL. Srewerr et al. (1975)
demonstrated uneven blood flow in the fingers and patchy hyperthermia in the distal
part of the OAOL afTected left index and muddie finger of their atypical case. Local-
izad 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 $6 controls, Williams et al. (1977) assessed the
time needed for heat retum after immersion of one hand for 10 s in 3 water bath kept
at 19°C: however, no difference between VCM-exposed 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 acroosteolyris suggesied certain
similanties between this disorder and corresponding lesions seen in progressive svstemis
sclerosia (difTuse scleroderms). Differential diagnosis of these two unrefated conditions
it now wel] established /Table 10). Such similarities stimulated the search for other
manilestations of & sy-.-mni¢ collagen disease, notably immunological features. 23 pro-
posed by Marin et al. in 1967, Ward et al. (19764, b) carried out immunologicsl studies
in 58 workers from a British polymerization plant who were referred to them out of 3
total past and present work foree of 320. Mean duration of exposure to VCM was 39
months (675 months). Of these 58 workers, 28 were symptomatic (Raynaud’s phen-
omenon, 9: scierodenms of hands or feet, 6: OADOL, 2;sensitivity to cold. excesnive
fatigue, 1imb pain, paraesthesias). Slight hyperimmunoglobulinaemia, usually igG, the
presence of mixed cyroglobulins. and in vivo conversion of both C; and C, were
found in 19 patiens in the symptomatic group, with additional evidence of reduced
T<ell population and increased Bell proliferation. Mixed eryoglobulins. in vive con-
wversion of complernent and depressed valuss for Cy or C, were taken as cvidence fot
the presence of circulating immune complexes. Autoantibody screening Jemonstrated
low-titre antinuclear antibodies (IgG 1/20~1/50) in sight of the nine patients with
Raynaud's phenomenon. Aggreqates of IgG, C. , Cy. and fibrinogen/fibrin were reveal-
ed by direct immunofluorescence in the lumen of vessels, adherent to vascular endo-
thelivm. Aggregates were similarly seen in the media and subintimal regions of small
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and medium-sized arrerioles 1n biopsy specimens of the skin (10 cas2s), muscle and
fung t 1 case each). y

The authors provosed as explanation lor the induction and pathogenesis ot skin
and done changes :n VCMunduced disease 3 theorencal model based on reasive me:a-
bolic intermediates of VCM formed Junng biotransformation binding covalently to
plasma protews. These may act as anugens tas a result of a strugturally abnormal protein)
which sumulaie Baeil proliferauon and anubody response. Platelet agaregation. vas.
cular occlusion and ischaemua were though: to he secondary to complement ast:wazon
88 3 result of formation of immune compiexes wiuch were implicated as possible medi-
aton of ussue injury. Ischaemua, in tum, by leading to collagen synthens, was believed
to further acuvate the compiement pathway and thus to recycle the mechansm.
Jarson et al. (1976b), who carmed out collagen studies in & sian biopsy of one patient
suifering from OAQL found the rate of collagen synthens to be considerably higher
than in normal controls. The pathogenesis of excess collagen formanon in vinyl chio-
ride discase has not Seen fully elucdated.

In an earlier study no cryoglobulinaemia or presence of cold agglutinias was found
in four Polish workers with severe Raynaud's phenomenon: in two of them a slight
decrease in [gG was noted (Brezkowske and Langeuer-Lewowicka 1974). Later, how-
ever, Langauer-Lewowicky et al. (1976) observed latent cryoglobulinaemua, detectable
aster Sephadex G.200 filtration, in |8 of 22 workers with Raynaud’s phenomenen fin
6 together with acrooseolyns and scierodermalike changes). Again, there were no cold
agglutinins detectable, but in five pauent marginal 1o slight elevations of IgG levels
were observed The 2uthors suggested that a patholopeal aiteration of immune re-
sponses plays 3 key role in the pathogenesis of vinyl chionde disease. Lange ¢t al.
(19%43) and Velrman e al. (1975) concluded from their results that convincing evi-
dence of autoimmune discase was lacking. Immunological studies including determina-
tion of rheumatoid factor (latex agzlutinanon test), quantitative immunogiobulin de-
terrrunation (Manzini radial diffusion technique) and autoanobody serewning (indirect
immunofluorescence) were tnitially introduced in our first series of 50 patients but
were later abandoned because of mosdy negative results, except for occasional in.
creases in immunoglobulin levels (Marsreller et al. 19752a). These studies were fater
taken up ajain with an additional 43 patients engaged in PVC production but sull fail-
¢ed 1o suggest more than an errauc connection (unpublished data). We did not observe
hyperpammaglobulinaemia (see comment in Ward et al. 1976a) except in 3 few patents
with far advanced portal fibrosis and portal hypertension and in the termunal phase of
three patients who died frcm angiosarcoma of the liver. In a group of 18 PVC workers
with Raynaud's phencmenon in whom arteriography of the hands disclosad various
Jegrees of occlusion of digital anteries, autoanubodies, eryoglobulins and cold aggluti-
nins were Tound in none: a2 moderately increased IgG level (1.93-3.68 g/litre; norma)
nange: X 2450518 glitre) was wen in five patients who suffered from OAOL and
sclerodermoid tkin changes (unpublished datz). Elastin antibody titres (the specificity
of which is doubtful) wers negarive.

In summary, cumently available evidence dows not seem sufficient to suggest an
gutosimmune disease 23 2 pathogenetic mechanam. Further studies will be needed to
estibiish the e significance of the posubly transient immunological sbnormalidies
m VCMdndueed disordess,
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4.1.7 Pathogeneuc Considerations

Raynaud’s phenomenon a1 3 premonitory clinical symptom, histomorphology in man
and experimental animals and angiological experience suggest that the common de-
nominator in the pathophytiology of both skin and bone lesions in chronic VCM in.
toxication is probably to be sought in the local impairment of blood circulation in
peripheral regions, as Benoit pointed out as long ago 35 1967. By reason ol their vas.
culature. the distal phalanges are the skeletal segments which may be most suscepuble
to impairment of blood supply. particularly to disturbances of microcirculation (Geme
and Meira 1978). Yet the answer to the next question, the pathogenetis of periphenal
vascular injary in viny! chioride disease, is unknown. Jt still remains largely 3 matter of
conjecture how a volatile toxjc compound that is taken up vis inhalation, distributed
throughout the systemic circulstion and metabolized (bioactivated) in the liver, can
bring about, apparendy only in a small number of predisposed individuals, sfter s vari.
able period of latency severe vascular injury and (probably secondary) damage to peri-
pheral tissue. Some conceivable mechanisms are brielly listed in a previous chapter (see
Sect. 3.4.2.2). but no conclusion can be drawn as to their relative significance.

4.2 Non.malignant Liver Disease in Vinyl Chloride/Polyvinyl Chloride
Production Workers

Long before Raynaud’s phenomenon or osteolytic lesions were obsarved in PVC pro-
ducuon workers. Trabuk/i et 3l. (1949) studied environmental conditions in a3 Russian
plant where polyviny! chloride resins were produced and compounded. Without going
into detail, the authors pointed out that moderate nontender hepatomegaly was found
in a larger 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 9). Al-
though the authors knew about the narcotic action of high concentrations of VCM
(75-250 mg/litre = 30 000-98 000 ppm) from the litegature, which they explicitly
mention, and also knew about the release of unreacted monomer from the powdery
PVC resins during thermoplastic compounding, they apparently held other voiatile
compounds derived from halogensted aromatic hydrocarbons (such a3 chlorinated
‘naphthalenes and diphenyls) used as plaiticizen responsible for the systemic toxicity.
They urged, however, that strict monitoring of the health of these workers should be
introduced to prevent the development of severe liver damage, and they suggested the
installation of ventilation facilities of sufficient eapacity.

Nonicteric hepatomegaly was again recorded by Suciv et al. (1963) 14 years later
in almost one-hird of the total work, population (51 of 168 employees) of two Rum-
snian PVC-producing plants, including' 10 cases with additional splenomegaly. Liver
biopzy in two of these workers revealed chronic hepatitis. Studying the prevalence of
temporary disablement dus to liver disease among J50 employses of the Sverdlovsk
plastics industry, Pushin (1965) found the highest morbidity among employees of the
PVYC produstion unit, compared with other units engaged in the production of nen-
PVC plastic materials; 170 workers of ancillary industries served as control subjects.
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Thre clinical symplomatology of = tvoically nonictenc - liver disease observed in as
many 23 157 ol the surrent work for.: ol the PVC production unut dunng 3 J-vear
survey was deseribed a3 having been consistent with the Jisgnusis of an innidiously
developing shronic hepauts. No nistological data were avuidable. however. and the true
<haracter of nonmalignant liver diease found 1n these workers re:mained obscure,

In 1972 Kramcr and Murchier examined a group of 98 healthy male woriers who
had been rounnely exposed to VOM for periods up to 28 vears »nd for whom sarzer
sime-weightad average exposurs esumates were avaablz. In an arees.pt to corrclate
emvronmental Jata and remuits of 3 medwal surveillangs programme by means of step-
wisc multiple linear regrestion analysis. it emerged that bromsulphthalemn ( BSP) reten.
tinn and. to a lesser Jegree, the icterus mdex were agmificanyy correlated with the
level of past exposure 1o VCM. Althouth no overs clinical disease was found in anv of
the indivnduals studied, Xramer and Musciler concluded that exposurs to VOM xt
TWA levels of 300 ppm or more for 2 working lifetime could result in cestain changes
in clinical laboratory parameters. As it later rumed out. slighty to moderately increas-
¢d BSP retention was the most consutently pathological test for VCM-induced liver dis-
ease (Marsreller o2 al. 19782).

In West Germany the first cases of occupational OAOL were observed in 1972 by
dermstologsis in Bonn (Jure and Lange 1972: Juhe ev al. 1975: Seem et al. {9734, b).
At tirst sight, the symptomatology appeared to resemble atypical progressive scleros
derraa. This provoked 2 thorough search for mamfestations of visceral invoivement.
Progressive systemic sclerosis, however, could be excluded. On medical sxamination of
a {irst group o 13 polycieaners who were referred to the Department ot Dermatology
{rom 2 nearby PVCproduaing plant it emerged that 3 o them, who Jid not sufier
from either QAOL o1 ssieroderma. had 2 history of unheralded bleeding from oeso-
phageal varices due to portal hypertenuon (Juhe et al. 1973), Furthzr invesugation of
3 group of 20 relauvely young PVC production workess imean age:40 veass). in witom
previous liver disease could be exciuded, was carnied our in collaboration with the
M=dical Depaniment. Peritonenscopy and guided liver biopsy were perfurmed in each
patient and revealed varying degrees of noncrvhotic portal, persinusoidal and sub-
capsular Jibrosis of the liver, with tplenomegaly , thrombocytopenia and, less frequent.
ly. marked porral hyperrension. bur mnkingly lirtle hepasic dysfunction (Marstelicr et
al. 1973). It was now realized that the disexse spectrum in VCM-expused individuals
encompassed a larger scope of injuries and, in fact, suggested & svstenuc toxic effect.
Hence Ji/ie et al, (1973) proposed the term “vinyl chloride disease’.

In retrospect, this comparatively late recognition of the 1rue rature of lver and
spleen alterations in chronic VCM intoxieation can be attributed. af leas: in part. to
the long latency period as weil as the insidious onser and course of this type of liver
disease which is sccompanied, even far into the sdvanced stages, by only nunimal
hepatic parenchymal dysfunction.

Only 3 months later, bowsver, in February 1974 the significance of this discovery
was surpassed by the alarming annourcement that four cases of anyiosarcoma of the
{liver. an exceedingly rare malignant tumour, had been found among 2 comparatively smail
work {orce of 274 employees of the PVC polymerization section o1 a large North Amer. -~
ican plant (Creec/ ut al. 19742), Two of these four patieng had first presenred with
upper gastrointesuny bieeding due to portal hypertension between 1964 and 1970.
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There is no lougar any doubt that chronic exposure to vinyl chloride mononer can
producs two different types of liver disease 1n man a4 well a3 10 expenimental ansmals:
1) Noncirrhotic portal hypertension
2) Angiosarcoma of the liver.
The two conditions have one feature in common: they are both rare disorders r
which are not easily recognized dunng life.
Noncirrhotic portal hypertension and (often inconspicuous) portal fibrosis are not
pathognemonic. Primary splenic enlargement and gastroocsophageal haemorrhage Jus
to marked portal ypertension in the absence of, or preceding, the Jevelooment of
cirrhosis was first desgnbed by Banri in 1894. As *Banti's syndrome’, this symptom
¢compiex and its setiology and pathogenetis have continued 10 be 2 matter of debate. )
Under the designation diopathic’, or ‘primary, portal hypertension' the syndrome has
bean observed notably in Indis and other South-East Asian regions (Ramalingenwvami
et al. 1962; Imanags et al, 1962, Basu et al. 1967a, b: Bover et al, 1967; Sama et al.
1971). It has been seen only sporadically in the Western World (Roussclor 1940;
Ravenna 1940; Tisdaic et al, 1959; Polish et al. 1962: Alller and Brandr 1962; Siderys
and Fellioy 1964 Mikkelsen et al. 1965 /ber 1970: Escarrin Marin ev al. 1974,
Mendenhall et al. 1974 Grannis 1975 ; Villencuve st a1, 1976). Iber (1969) esumated
that “centers throughout the world reviewing their expenience with portal hyperten-
sion encounter 3 to 5% of patiena who do not clearly fit into the category of currhosis
or blockage of the portal vein.”

In the absence of an identifiable aeticlogy it has been speculated that in noncirthotic
portal fibrons observed in India, unknown toxins contained in indigenous drugs, herbal
medicines or adulterated food might have been responsible for the condition (Sama et
al. 1971). Villeneuve et al. (1976) suggested that, apart from VCM and inorganic
arsenicals, other still unidentified toxins could be the cause of this syndrome, Idio-
pathic portal hypsriension has also been observed to octyr in association with known
hepatotoxic agents, their common link with VOM being, so far with the exception of
vitamin A, the induction of angiosarcoma of the liver. These agents are:

Y] Ino;fmi;.' arsenicals (Zecgen ev al. 1970: Neale and Azzopardi 1971, Knolle et al. ’

1974 Morris et al. 1974, Huet e1 a1, 1975, Villeneuve et a). 1976 Conlishaw et al.
1979);

b) My pervitaminosis A (Muenrer et al. 1971; Russell et al, 1973, 1974 Hruban et
al. 1974; Kisrier eral. 1977):and

¢) Recently, copper suiphate in Portuguese vineyard workers (Pimenrel and Menezes
1977).

Arsenicel preparations (usually prescribed as Fowler's solution — potassium
angnite) have in the past been used a3 2 toruc in neurasthenia, as an adjunct to iron
therapy for anaemia, as antiepieptic drugs and well into the 1950s for the treatment
of psoriasis. In this context, Banti's remark in his original paper (1898) that anaemia
accompanying primary spleaomegaly responded best to arsenical preparations is of
note. In a renowned German pharmacology textbook of this period (Not/maye! and
Rossbach 1930) Fowler's solution is also listed a3 a tradivional anumalanal drug of
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long standing. Chainuvari and Virntuvarri (1979) recently implicated an indigenous
Thai medicine conzaning amenic as a pessible aetiologeal factor 1n 3 case of idiopathic
portal hypertension. Darra et al. (1979) found significantly ¢levated levels of arsemcn
Lver ussue specimens ol four oi nme Indian patients with idiopathue portal hyperren.
sion resulting {rom chronic arsenic intoxicanion (contzminated dnnking water, use of
Ayurvedic medicines). Typncaily, liver disease in these cases occurs n conjunction with
other evidense of chrome arsenic intoxication. such as siin pgmentanon. palmar and
plantar hyperkeratosis. skin cancer and scroetimes carcinoma - other siees. However,
neither histological ner mdioiogcal or haemodynanuc criteria permit 3 clsar distne-
tion between ‘idiopathic’ portal hypettension and noncirrhotic portal hypertension
aaused by chronic anenic ioxification or chronue expasure to VCM, as was demon-
strated by Villencuve et al. (1976) in 3 study of five patienrs.

After prolonged trearment with excessively high doses of vitamin A (psoriass,
ichthyosis and other dermatolopeal conditions. adjuvant cancer therapy and in health
faddism) chronic intoxicaticn has been seen to cause hepatic fibresis and cirrhosis
(Muenter ¢t al. 1971, Flerschmann et al, 1977: Kisrler et al. 1977, Russell e al. 1973,
1974). Storage of vitamun A in hepatocyies and one type of fat stonng, nonphagocytic
pensinusoidal cells [Ito cells (Jro and Vemoro 1952)] could be demonstrated by fluo.
réscence mucroscopy. Sumulauon and proliferation of Ito ¢eils, wiuch are probably
fibroblast precursors (Popper and U'densriend 1970; Scinack et al. 1967), provokes an
increase in basement-membranedike matena and sollagen witkin the pensinusoidal
space and leads to pensinusendal fibrosis with partial obliteration of Disse's spaces and
the unusoidal lumen (Hrdan et al. 1974),

The recognition of idiopathic portai hypertension. hepatic fibrosis, cirrhosis and
angiosarcoma of the liver coexistent with excessively abundant hepatic depontion of
copper (besides evidence of ‘vineyard sprayes’s lurg”) in agroup of 30 vinevard workers
in Portugal is. to our knowiedge, the first repert in which ciironic copper intoxicerion
is implicated as the aetiological agent. For periods varying from 3 to 45 years, these
workers had been engaged in spraying vineyards with 3 mixture containing copper
suiphate on 15-100 days per year. The authors nated 3 clowe morphological resem.
blance of the iesions to these resulting from exposure to inorgaric asenicals and to
vinyl shloade (Pimencel 2nd Menezex 1977). Alshough extringic chronic copper intox-
cation is virtually unknown 1h man. potential hepatotoxicity of long<continued uptake
of copper was discussed by Blomyiekd et al. in 1971 in ¢onnectuion wath recurrent
haemodialyns.

Although nonmalignant liver disease seems to be a more common lesion in PVC
production workers than anposarcoma. it has received Jess artention than the spegrac.
ular discovery of tne rare hepatic neoplasm, [n continuation of our {irst two surveys
(Marsreller et al, 1973, 19754, b), we have now (end of 1980) observed 17 pauens
(all members of a totai work fores of approximately 1 80 polymenzation workers) in
whom clinical and morphological examnation, incuding peritoneocopy and guided
liver biopsy, revealed advanced ponal hyperzension (Tuble 1), A larger propottion of
them first presented with symptos of unheralded gastrointestinal bieeding. On follow.
up. we strongly suspected that anpomrcoma was developing in four of them but were
unable to prove it during life. Only post-mortem exanunanon finally confirmed the
Jiagnosis. [n a smaller senes of seven patients with noncirrhotic portal fibrosis and
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Table 11. 17 PVC workers with advanced portal hypertension tmarked vesophageal
vanuer. episodes of upper GI bleeding, splenomegaly)

Vinyl Chion.

exposed for r
splenomegaly

Age at diagnosis Duration of exposure Pentonevscopic and In contra:
No. (years) {years. momhis? kistologival dizgnosis ment of hepa'
-~ eqtases, gpyna.
l 30 . 5 Nonarrhotic fibrosis not seen. Eve:
2 k]| . 509 Noncirrhot fibrous halopathy ¢
3 k] 3/6 Nonarr oic fibrosis phalopathy ¢
i 4 35 4 Nonvirrhotic fibross workers only
¢ LR ] 35 9 Nencurhotic fibrosis Itis puzli
W 6 39 . 10/ Nonuirrhotic fibrosis preceded adv.
*H ; i? I_J’IG :oncxrr:om ?::rosis only one case
PRy curhouc fibrosis
My 9a 4l 18 Postnecrotic cirmons development
3 103 4; 1 :/6 !\Nl‘oncin:onc :‘i:rosxs
g 13 L Noncirrhote fibrosis
i 12 £ 17 Nn:mmonc fibrosis 4.22 laber:
s __P'} 13 &2 15/3 Noncirrhot fibrosis .
e ., 14 52 i Nonurrhoue fibrosis Owing 10 the
W ; : 2 . :: ?/6 ;lunclrrhom fibrosis not the targer
o & - ostnecrotic cirrhosts
*f— 172 61 13 Noncirrhotic fibresis .‘;;:r"’:;:?:;
Y R
NG 3 On follow-up patients 5.9, 10, 16 and 17 subsequently Jdeveloped angiocarcoma of 1974 Creech
¥ the liver and died =6 years after diagnosis of porral hypertension. Patients 6 and thrombocytog
i 14 are at present (1981) under observation for suspected development of angio- logical bioche:
>’ ,é sarcoma of the hiver, 6 and 11 years after pertoneoscopic diagnoss of portal fi- the levels of s.
;'5-,» g brosis quent (Marsec
r Szi_' (ICC:05 anJ
- 2‘:“! liver funcuon
- 22 associated ponal hypertension, Seith et al. (1976a) observed later development of workersof 2.
g angiosarcoma in one of them. If 4 rough estimate based on these two small senes were (Tamburro et
’3 acceptable, it would appear that approximately one of five to seven individuals suffer- progressively -
N ing from advanced VCM-induced portal hypertension might be expected tu develop of abnormal &
-3 ’_\t angivsarcoma later. aithough PVCdnduced hepatic fibrosis per se is probably not a pre- there was over
: malignant lesion, phosphatase |
¥ alkaline phosp
o5 . . R megaly andsc-
L 42.1 Clinical Manifestations of Non-malignant Liver Disease Except for
¥ : ] and Veitman
? _‘,‘i Physical examination is usually disappointing. In the more advanced stages of VOM- the reticulocy
N induced nonmalignant liver disease, palpable splenomegaly and a slightly to moderate- panmeten us
£33 ly enlarged liver may be the only physical signs. On palpation, we found hepatomegaly presenting fea
e 47 o in 3] and splenomegaly in 16 of SO selected PVC production workers who had been sion (Smuth et
: :f:\r heavily exposed in the past (Marsteller et al. 19782). Lilis et 3l. (1975) reporied hepa- be dealt with -
- ;,;5' t tomegaly in 15% and splenomegaly in 3.4% of 354 consccutively examined employees Assessment
ety {267 currently emploved, 87 former workers) of one PVC polymerization plant in matic workers
3 ‘5; New York State, USA, 2 number which included virtually the entire current produc- Tacture of PV(
- A tion work foree. A significantly higher prevalence of hepatomegaly was found in those coproporphyn
Ay
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exposed {or more than § vears. whereas the difterence in the prevalence of palpable
spienomegaly was not signisicant.
In contrast 1o cirrhosis of the liver, chinical symproms indicanng senous impatr.

. ment ol lepauc funeton such 35 jaundics. vascular sprders. palinar erythema, wiang-

eciases. ymaccomastia. penpherat asgemy and ascites or hepauc encephalopathy are
not seen. Even after massive biceding irom oesophageal vances portosystemic encs.
phalepathy does not deveiop. Ascites and hepanc soma have been oserved 0 these
workers only in tersunal stages of angosarcoma of the liver.

It 1s puzzling that acroosteolysis and sclecodermotd skin induration have only rarely
preceded advanced stages of VCMdinduced liver disease. To out knowledge there is
only one case of angiosarcoma of the liver on record which was assoctated with pror
Jevelopment of acroosteolyns (Roche et al. 1978),

422 Labomtory Findings

Qwing to the fact that hepatocytes. although being the primary site of merabolism. are
not the targer of toxseity, standard biochemucal liver function tests are only of limited .
value ior the Jetection of liver disegse in populations at risk (MWilliams et al, 1975b). .
This sakes it very difficult to devise 3dequare screenuing programmes (Marnn et al. ) A
1972 Creech and Makh 1975; Wyare et al, 1975; Berk ar al. 1975, 1976). Apart from .’
thrombocytopenia, we found 45.min BSP retencon to be the most conustently pathio-
logical binchemucal test: usually munimal hyperbiirubinaemia and minor elevacion of
the levels of serum alkaline phosphatase. SCOT and SGPT were considerably less fre. K.
quent (Marsteller et al, 19752). Another dye-removal test, indocyanine green clearance - B
(1CG: 05 and 5.0 myrky), also proved to be more religble than standard biochermucal
liver functicn tests in correctly iden<;; ring early hepatic injury in 1200 vinyi chloride
workers of 3 chemical plant in Louisvile, Kentueky, during a3 $wvear screening penod
(Tamburro e1 al. 1978b). The expos: ;¢ rank was found to be closely correlated with
progressively increasing frequency o7 zUnormal ICC clearance. whereas the frequency
of abnormal SGOT, and alkaline phorphatase only increased in Iate stages. often when
there was ovent clinical disease. In the survey condusted by Lilis et al. (1975), alkaline
phosphatase levels were elevated in 16.6% of the 354 workers examuned. In their senes.
alkaline phosphatase was also closely correiated with the clinical symptom of hepato-
megaly and/or spienomeqaly.

Except for thrombocytopeniz (less than 150 x 10° platelers/litre) which Lange
and 'c/rman (1977) found to be present in 76 of 100 workers, and a skight increase in
the reticulocyts count (in 38 of 79 workers,Lange and Felrman 1977), hasmatological
parameters umally 4o not contribute to the diagnosis. Thrombocytopenia was also the
presenting feature in two of seven British workers with noncitrhotic portal hyperten.
sion (Smith et al. 19763). Thrombecytopenia and abnormal platelet function rests wall
be dealt with separately in Sect. 4.8.1,

Assexsment of utinary exeretion of porphyrins and porphytin precurson in sympto-
matic workers who had been engaged in the produstion of PVC (n » 23) or the manu. N
facture of PVC articles (n = 17) revealed varyng but mostly mild degrees of secondary 3
coproporphynnuna :n the majority of them (Lange ¢t al. 1976b). The signiticance of :
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. these findings as an indication of toxic liver damage is not clear and the relation to

contras: »i
previous exposure 10 VCM remains to be determined. pectedly s
isafocal v
- ; . opacities.
423 Gross Inspection of the Liver gnd Spleen . (Stellate sc:
The - . . ing (Marst.
gross appearance of the liver, as assessed by pentoneoscopy (Marstelicr et al, tissue in C-
1975a. b: Marstreller and Lelbach 1977 Lelbach and Marsteller 1977 ) or at exploratory extendi
laparotomy, is that of 3 normalssized or slightly to moderately enlarged organ with neing
N , . . j fnective tise
often blunted and irregular anterior edge. Inspection of the liver at pentoneoscopy also rocesses 1
permits exclusion of partial nodular transformation as described by Sherlock et al. zr monsd '
(1966). In most cases, the surface of the liver is smooth or slightly uneven with shallow -gre seen ir: '
indentations, but it may be finely granular, trabeculated or have a peau d'orange-like :
apptarance. At most, there are micronodular changes but the diffuse coarse nodulanty
of cirthosis is only rarsly seen. Progression to frank cirthosis with severe derangement 424 His
of hepatic lobular architecture was observed by Sent/ and Williams (1974), and also
in two of our recent cases in combination with development of anpiosarcoma, Histolopc.
On palpation (direct or by pentonecscopic probe), the texture of the liver is normal . is generally
or only slightly firmer than usual. Indirect peritoneoscopic evidence of portal hyper- sis, strikine
b tension is presented by increased vascularity of the falciform ligament and the intes- fibroms are
. tinal serosa or numerous dilated tortuous vessels in adhesions draining to the abdomi. (Fig. 5a—d)
. 5 nal wall. Even in advanced stages, symptoms of pronounced portal hypertension often reactions, ..
30 throughout
oy § fibrosis. Su-
p tological e
e -2 R 1978).
e { Depen .
v date of bic;
. =3 pant liver v
v ject to marh
P ' ations i$ se.
r-fr}: Thomas 19~
"—“{ *% 1976). but
-t _§ (Popper et &
g
(ﬂ@; 4241 H.
:‘%; Inits fully ¢
ol vdd of dense, pu:
oty § bile ducts a.
F ";3‘3\ with formau
; g‘*:. - central and 1
. ;d_.‘g Fig. 4. Peritoneoscopic view of left hepatic lobe in noncirthotic portal hypertension of gonnect
. ;_&;-:.- tJanuary 1979), Bluntpd anterior edge, smaoth to finely granular surfsce. conspicuous with enlarge
R patchy capsular fibrosis. (42-year-old autoclave cleaner. VCM exposure 1963 -74. nsinusord.
B2 sy z 1973 thrombocytopenin as first sign. From 1974 to 1979, marked progression of pe
ST poridi hypertension with splenomegaly and one epunde of bleeding from orsuphageal oidal walls. :
varices.) See also Fig. § (patient 6 in Table 11) Muller et al.
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contrast sharply not only with minimal alterations of the surface but also with unex.
pectedly scanty histolopeal evidence of hepatie fibrosis. The most conspicuous feature
is 3 focal or diffuse capsular tibrosis of varying pattem (Fig. 4). presenting as whitish
opacities. The degree of capsular involvement ranges from ditfuse tiny commalike or
stellare scars 10 coarsely rencular and irregularly patchy milk-wnite capsular thicken-
ing (Murstellcr 2t al. 1975a). Histology showed that this focal increase of connestive
tissue in Clisson’s capsule may extend nto the parenchyma and connett with septa
extending from enlasging fibrosed portal tracts (Popper and Tromas 1978), The con-
nective tissue sapsule of the enlarged spleen also seems to be sensitive to VCManducsd
processes that have taken place in the underlying tissue so that focal white thickening
or more diffuse opacities together with circumsenbed subcapsular haemorrhapic cysts
are seen in cases with marked spienomegaly.

424 Histology

Histoiopeal examination of biopsy specimens shows that normal lobular architecture
is generally mauncuned, but varying patterns of portal and, in some cases, septal fibro-
sis. stnking intralobular perisinusoidal fibrosis, and focal capsular and subeapsular
fibrosis are found in combination with peculiar siterations of sinusoidal lining cells
(Fig. S3-d). Hepatocellular changes usually play 1 negligivle role and inflammatory
reactions, if present 3t ail, an ingignificant. The lenons are distributed quite irregqularly
throughout the liver and may vary from minor inconspicuous degrees 1o quite stnking
fibrosis. Surgical wedge biopsy of sufficient depth appears 1o be more suitable for his.
tolugica. evialuation than newdle biopsy specimens (Smith et al. 19763; Blendis et al,
1978).

Depending on leagth and degree of exposure. interval between lan exposure and
dute of biopsy. 25 well a5 individual factors. hustopathology of VCM-induced nonmalig-
nant liver disease is represented by the followtng features whose manifestation is sud-
ject to marked interindividual and topical variation: the same variability of tissue aiter-
auons is seen in the nontumorous arexs of the liver in anposrcoma (Popper and
Thomas 1975 : Thomas et al. 1978: Berk et al. 1976; Gedigh et al. 1975 Wentbren
1976). but in these cases the nonturmorous lesions may be even more conspicuous
(Popper et al. 1978).

4.2.4.1 Heparic Fibrosis

In it fully developed form, minimal 10 marked enlasgement of poral tracts by excess
of dense, pauciceilular connective tissue, which in advanced cases contains proliferated
bile ducts and some periductular inflammation, may in rare instances be cambined
with formation of periportal sepu linking portal tracts or, even more rarely, connect
central and portal canals. Other portal areas appear aimost normal. Focil accumulation
of connective tissoe in the thickened Glisson’s capsule may be conaected by septa
with enlarged infracapsular portal tracts. A more striking fearure i an intralobular
pensinusoidal ‘netlike” fibrosis with more or less prominent collagenization of sinus-
oidal walls. in some areas even progresuing to frank capillasization (Gedigk et al. 1975
Aliiller et al, 1975). The focal intrasinusondal {ibrosis may be subtle and in some cases
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may be recognized only in connective tissue stains. Trichc et al. 11975) pointed out
that in one worker with severe acroosteolvsis but normal hepatic function and essen-
tially normal liver hisrology on light microscopy (except for 3 minimal and easily over-
looked incrense of perisinusoidal collagen in uicasional lobules), electron microscopy
revealed a striking centrilobular increase in collagen between hepatocites and in Disses
spaces together with proliferation and hyperplasis of sinusoidal lining eslls (see also
Kurokgwa et a). 1977). The same ultrastructural deposition of perisinusmdal collagen
was observed by Scharronbery et 21.(1977) in 15 PVC workess 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 resulting
reduction of sinusoidal diameter suggesting a possible factor in the pathophysiology
of ‘sinuscidal” portal hypertension) were seen on electron microscopy in a number of
cases of idiopathic portal hypertension of unknown aetiology (occupational histones
not mentioned) (Sommerschild and Kluge 1971, Kluge e al. 1970 Tandon et al.
1970).

4.2.4.2 Simuoidal 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 resemble
short pegs, and are often arranged in a chanlike fashion (Gedigk et al. 1975). These
peasinusoidal 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 spindleshaped nuclei and PAS-positive cytoplasm. Formation of excess reticulin
suggests fibroblastic activity of some of these cells. Focal dilatation of sinusoids, not
explained by passive congestion, is another peculiar feature usually associated with
particularly pronounced alterations of these mesenchymal cells; There is reason to be-
lieve that this combination of changes may represent a preralignant stage.

4.2.4.3 Heparocyres

Unimpressive, nonspecific, degenerative and adaptive lesions (such as minor degrees of
fatty degeneration, cloudy swelling, ballooning or vacuolar degeneration, increase of
lipofuscin pigment and proliferation of smooth endoplasmatic reticulum of hepato-
cytes in focal areas without inflammatory reactions), can be seen to disappear gradual-
ly with increasing intervals berween the last exposure and the date of biopsy. in con-
trast to the apparently irreversible damage to mesenchymal structures (Gedigh et al.
1978, 1977, Muller e1 a). 1975). In pootly demarcated areas there is hyperplasia and
hypertrophy of hepatocytes with polyploidy and increased number of binucleated
cells. Two types of focal hepatocytic proliferation associated with varying degrees of
sinusoadal cell alterations were recenty described and are thought to play some 3s yet
undefined role in the precursor stage of angiosarcoma (Popper et al. 1978).

4.2.4.4 Histology of the Spleen

Unless :plenéctomy is carried out in vinyl chioride disease, tissue specimens of the
spleen are less easily obtamabie than hiver biopsy matenial, Popper and Thomas (1975)
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and Thomas et al. (1975) found the cut surface of surgically removed enlarged spleens
to be characterized by conspicuously hyperplastic Malpighuan follicles in 2 beefy homo-
geneous red pulp. Histologically, they noted large germunal centres of the Malpichian
follicles with merging of perifoilicular 2ones. dilatation of red puip snuses fined by
endothelial cells of variable. often cubnidal shape, thickening of the pulp cords with
oceasional 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 a¢ peritoneoscopy.
Heusermann and Sturtre (19770) and Sterce and Heusermann (1978) studied this ma.
terial, together with spleen tissue specunens available from three spleens obramed at
spieneziomy. They found evidence jor an invoivement of the spieen in the fibross
process. Exzess amounts of newly formed exrracellulsr elements of reticular connec.
tive tissue. notably eollagen. produced by sturmlation of fibroblastie cells of the red
and white pulp. particularty in perifollicular and subcapsular areas, were observed.
Tiere was scamning of periartenal lvmphatic sheaths. obliteranon of the o cord
meshwork and reducton of pulp cord volume. in addition to an increase in number
and diameter of sinuses. The reticular connectve 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 contuning irregularly distribured
collagen fibrils, Narromng of the labyrinthine cordal tissue wath marked increase of
the reticular connective tissue caused a reduction of microciseulatory sequestration
volume with parallel decreass of the aumber of pulp cord macraghages and approxic
mation of capillaries and sunuses. Frequentdy, focal accumuiation of platelets was
found within the narrowed pulp cordbed in addition to increased phagocytosis of
thrombocytes by residual macrophages. This lends support to the hypothesis of en-
hanced pooling of platelens in the spleen (Meusermann and Sturte 19772), and may
heip to explain the pathogenesis of thrombocytopenia often seen even in the early
stages of vinyl chioride disexse. By structural analysis of histometrical resuits, Souere
and Heusermann (1978) outlined certain diagnostie criteria for the differentiation of
VCM-induced splenic alterations from those seen in portal hypertension due to cirrhosis
of the liver or extrahepatic porral vein occlusion. They concluded that fibrotic shanges
in the spleen in viny! chloride dissase are not the result of portal hypertension but in-
dicate a primary action of VCM or jts metabolites on the spicen. A comprehennve re-
port correlating clinieal and morpholopeal data gathered from this group of 13 pa-
tens is being prepared for publication at present. Results of histometrical studies of
the spiesn in aoncirthotic portal hypertension of unknown sstiology are aow gvail-
able for comparison (Seki 1965 ; Yomamorw 1978, 1979).

425 Pathophysiology of Portal Hypertension

The pathophyziology of portal hypenension in VCM-induced liver diseass is as yot an
unresolved probiem. Pateacy of the portal vein was demonstrated in all c3ses subjected
to spienoportography. Portography usually showed no or only minimal derangement
of intrahepatic vascular partern such as tapering or *cut-ofT" of small penpheral ponal
venous radicics (Blendis ev al. 1978 Villeneuve et al. 1976). High intrasplenic pressyre
and a normal, or only slightly raised. wedged heparc vein pressure indicate that the
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portal flow is obstructed at the sinusoidal or presinusoidal level, In 3 group of five PVC
workers selected for haemodynamic studies, Blendis et al. (1978) could not demon-
strate a direct relationship between the degrec of hepatic fibrosis in needle biopsy spee-
inyens and portal hypertension. But it should be kept in mind that the distnbution ol
fibrosis in these workers is quite irregular. It has also becn suggested by Popper and 426
Thomas (1975) and Thomas et al. (1975) that the increased splenic and hepatic blvod .
flow 1s a result of decreased splenic resistance in splenomegaly cannot properly be .- ln 1,9
comodated in the hepatic portal vein bed owing to impairment of adaptive distension tic fib
of portal veins and sinusoids by the subcapsular, portal and pensinusoudal fibrosis. could
Blendis eval. (1978) found no correlation berwsen spleen or estimated hiver blood :"o';s:\’
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low and the portal pressure. However, they point out that this refatonsiup may be
veiled by the aunount of bivod bypassing the liver via a collateral circulation,

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

In 1974 Murtin et al. (see also Berk: et al. 1975) peinted out that VOM.associated hepa-
s fibrosis. once established. may progress even ajie:r cessauon of exposurs. They
could demonstrate this progresion despate normalizauon of all rounae iiver functon
tests in a 27.yearold worker on a fallow-up exarunziion including pemtoneoscopy and
biopsy 2 1/2 years after comation of exposure, Progression of fibrosis and appearance
of bridging between portal and central vemns were indicative of persisung acuvity-of
the fibroblastic process, whereas the previously observed activation of both hepato-
cytes (marked variation of cell size and numerous binucleated cells) and sinusowdal lin-
ing ceils had Jisappeared. Since 1973 we have observed a number ot workers who on
followup showed evidence of progressing portal hypertennon with deveiopment of
massive aesophageal varices and subsequent bisrding episodes despite removal from
exposure (Fig. 6). In five (77) of these pauents with progresung porul hypertension angio-
sarcorna of the liver finally developed. In thus context.it is of interest to note that more
ot less conspicuous hepaue fibrosis (or rare progression to cirrhosis) was the parental
terrain it which the majosity of cases of VCM-induced anpiosarcoma of the liver devel.
oped (se¢ Tables 13=18).

Liver and spleen scans with ™™ technetiumdateled sulphur colloid, quantitated
determination of spieen size with the ud of !77Hg-bromometeury-hydroxypropane
(BMHP) labelled artificially damaged red cells, and sequenual perfusion seinngrams
after bolus injection of ™ Tepertechnetate have been found usaful in the diagnosis
and follow-up of nonmalignant liver disease in PVC-polymerization workers, With the
aid of these noninvasive methods. inhomogensous uptake of labelled sulphur colloid in
the reticuloendothelial system of the liver and eahanced uptake in the spleen, gradual
increase in spieen size and reducuon of portal venous perfusion have been observed in
PVC polymerization workers developing portal {Ibrosis and portal hypertension (Bier-
sack et al. 19752, 0, 19772, b).

43 Angiosarcoms of the Liver
43.1 Epidemiology

Primary angicsarcoma of the liver (ASL) is described under a variety of synomyms
(angioblastc sarcoma, angioblastic reticulosarcoma, endothelioma, endothelioblastoma,
haersangioklastoma, haemangioendothelioma, haemangioendothelial sarcoma, KupiTer
cell sarcoma, malignant haemangioma, metastasizing haemangioma, reticuloendothelial
farcoma, primary sarcoma of the liver), [ is an exceedingly rare malipnancy . arising {rom
vascular lining cells. It ocun spontansously with two peaks in the age distribution:

one 3t early infancy (infantile haemangioendothelioma) and the other in late aduit.

hood (fourth to sixth decade). The numerous synonyms render it difficult to estdmate
the number of reporied c2scs and to determine its true incidence. In a recent review
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of the literature. Alrenge (1975) listed 165 published cases of primary angiosarcoma
of the liver in adults. In the six autopsy series coliected by Alrcnga. ASL constituted
only 1.8% (0.9%~2.7%) of all primary malignant tumours of the liver, which of them.
selves ase rare findings in the Westemn World. Autopsy statistics show that the incudence
of ASL ranged from 2 1o 20/100 000 autopsies during different periods with a mean
incidence of 12/100 000 autopsies (Table 12). According to Heatir er al. (1973) it was
estimated that in the United States the expected annual incidence of ASL is 0.014 in
100 000 inhabitants or 25~30 cases per year for the entire United States.

Table 12, Incidence of angiosarcoma of the liver (ASL) in autopsy seres

Observation "No.of No. of cases
Authors Year period sutopsies of ASL Region
Simpron eral. 1955 1914=1953 24196 | Mavo Clinic,
Rochester, Minn..
usa
Edmondson 1958  1918-1954 $2000 1 Los Angeies.

County Hosp.. USA

MacSweenetal. 1973  1900-1969 =3 3 Western Infirmary
Glasgow, UK.

Alrenga 1978 1951-1973 39700 6 " Cook Counry Hosp. .
Chicsgo. USA

Resmand Huth 1975 1954-1974 30079 4(6) ¢  Disidor!, Fed.Rep.
Germany

Byvén and 1975 1958-196% b 12 Sweden

Hoimberg (adult cases)

Daldervpetal. 1976  1960-1975  Atleant 8 Netherlands

40 000 (population:

10~ 14 million)

3 Among 120 cases of primary malignant liver tumours studied post mortem during
this 70«¢ar period.

b Among 8 million inhabitants.
€ 4 Angiosarcomas, ] haemangoendothelioma, | malipnant haemangiopencytoma

Accordingly, the idendfication of 4 cases of ASL amonyg approximately 270 em-
ployees of the vinyl chioride polymerization section at 2 B.F. Goodrich plant near
Louisville, Kentucky, between September 1967 and December 1973 was duly recog-
nized as an alarming situation indicative of a serious new occupational hazard (Creecit
et al. 19742: Creech and Johnson 1974).

Until 1974, only two carcinogenic agents were known to be associated with the
development of ASL in man, i.e. the administration of a radivactive colloidal prepara.
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tion of thomen Jinxile (thorotrast) for Jiagnostic purpuses. and chronic exposure to
innTic arscnxegls, Both substances are stored mainly in the liver; injected thorium
dioxide particles are rapidly tken up by phagoeytic cells of the reuculoendothelial sys-
tem and are permanently retuned: arsenicais are oniy siowly released from the liver.

Thorotrasr came into use in 1928 and was intemationaily employed s an injectable
contrast medium unul the mid-1950s, when ifs use was abandoned beczuse of mount-
ing 2vidence of the carcinogenic action of thonum dioxide deposits. Mac\ulton et al.
reported the first case of thonum dioxude«nduced ASL in 1947, Since then ASL has
bren the type of liver rumour which occurred most frequently among pausnts who
had been given thorotrast injestions in the past (da Siiva Harez 1967.da Sifvz Horta
and Mortg 1967, Wegener et al. 1971, Futh and Pitzke 1974; Selinger and Ko/ 1975).
A special type of progresuve porval and subeapsular hepane fibrons was another lesion
caused by thorium dioxide retained in the liver. dg Silva Horra (1967) conndered this
Thorotrast fibrosis” to be clearly distinguishable from trus cirrhosis. Gamma radiation
from a lost radium nesdle has also been implicated 33 2 causative agent 1a one gase of
ASL (Ross 1932).

Development of ASL as a late complication of ¢/ironic ersenic intoxicaton in Ger-
man vinevard workers was first described by Licbegort (1949, 1952) and has been ex-
tensively documnenied by Rot/i (1956, 19571, b. 1959). During the 10-year penod,
19501959, autopsies of 82 Moselle vintaiers suffenng from chronic arseme ntoxica:
tion revealed ASL in 8 cases among 2 total of 61 individuals (74%%), with cancer often
of muluple sites (Roth 1959). In 1925, arsenic insecucide sprays and dusts had been
approved for yse in German vineyards but they were banned by law in 1942, Exposure
occurred not only vis inhalauon during spray periods (approximarely 30 dayy/vezr)
but notably by daily consumpuon of quanuries of cheap grape wane (*Haustrunk"),
produced from a second pressing of the grape skin reudue by addition of water, This
Haustrunk, 1n allowaner in kind to the vineyard workers, had 3 low alcohol content
(3%=5% «/v) but conuzined high leveis of residual arseaic (02—5.9 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 ¢) for a 12yenr period. ASL was also seen after longtermn treaiment with
Fowler's solution for psariasis (Repelson et al. 1963: Lander et al, 1975).

Chiowdury ¢t al. (1977) reported an anezdotal case of apparently bemgn diffuse
haemangioendotheliomatosis of the liver with considerable fibrosis and portal hy'per-
tension but normal liver function. This condition was found in a middle-aged dlack
woman who had been exposed to various chemica) fumes (including carbon tetrachio-
ride) during 20 yeans in a dry<leaning establishment, though it must be noted that she
had 2 high sicohol consumption. The possibility that these symptoms could have been
manifestations in later life of congenital disease cannot be ruled out,

The proporuon of patients with ASLin whom a pertinent history of exposure could
be elicited has varied considerably. In an sarlier sucvey of the iiterasure covering the
period 187251960, von Becker and Bisscher {1961) Yisted 12 of 54 adult cases with 3
history of exposure to either thorium dioxide (7) or arsenicals (5 of Rorh’s cases).
Among more than 15 000 autopsies performed in Bonn durmg 19501959, all 8 coses
observed were found exclusively in vintners exposed to arsenicals (Roth 1959). On the
other hand, Fiechmer and Ryes (1976) recently observed a cluster of & cases among
391 autopuies during 3 29.month period at 3 hospitai in rural central Wisconnn serving

> asm Ses sowem

O AN Sy

Fyra e

‘f‘li._'-'

Ty 'Q.‘

W
|

o

SN
i3]

™ [ %) “.'

k<t
s

L

REAS AR
13N

o

33 V%

-t

oK

LR TPy
-~

ol b R R
¥




o0 W.K. Lelbach and H.J. Mamstelier Vin)
Table 13. Personal data of 68 polyviny] chioride production workers with angiosarcoma Table
of the st reported to NIOSH up to August 1978 (Spertas and Kammskr 1978 ——
Date of Total
Birth date death Age at year Job No.
No  Cousin® (mpd/y)® tmjdiy) death exp,  elasaficanon® ¥ :'I'_'
' 1 B 01.12.13 06.29.76 63 17 1.2 ﬁ
2 CNDD) 215.13 09.02.55 41 1| 1.2
3 CND(Y) 030614 1221587 a3 14 21213 44
4 CND(3) 08.26.19 03.2262 &2 20 25 435
5 CND(4) 040519 0l.2ie8 48 a2 1.2.5. 14 46
6 CND(S)  05.07.11 07.0568 S6 5 114 47
7 CND(6)  12.15.19 04.10.7t  S1I 23 1.12.13.18 43
1 8  CND(T)  11.09.19 122472 82 28 1.9.17 49
: 9 CND(3)  05.13.20 061273 53 s 1.12.17 50
i 10 CND9) 07.19.2) 090474  $3 26 31216 51
3 11 CND(10) 05.16.15 04.00.77 61 14 2.16 ;g
& 12 SR(1)  00.00.28 120073 45 16 1 54
€ 13 SR12)  00.00.26 00.0066 40 18 1 55
¢ 647 3™ (147) ;g
14 D 06.04.30 01.2569 38 12 2 58
1S D) 07.26.31 12,1871 39 i 2 59
16 D(d) 09.04 30 112574 44 17 2 60
17 DI(S) 01,0132 010975 43 12 3.4.5 61
.18 DI(7) 09.29.26 11375 49 2 11.(D 62
19 Di8) 10.19.17 12.2595 S8 2 2 63
0 D9 12,1334 03.33.78 42 15 10 64
1 DU 07.2329 062877 47 2 10 65
2 pUD 12.29.36 020777 4) 16 10 66
2 D1 06.14.38 100727 39 6 i 67
M F() 04.15.24 01967 43 19 1.2 8
2% F() 06.03.11 01.24.75 63 12 2
W F) 01.06.20 06.26.75 55 29 p 38,
27 F(d) 01.27.27 01.03.76 49 2 2.6 ND
B F(S) 01.29.38 05.13.76 38 1 1.2 SR
29  F(6) 04.14.34 09.12.76 42 13 6.7 D.
30 F(1) 00.00.27 07.03.76 49 bp] 2 F.
YR X1 1) 04.01.34 01.30.77 42 19 .2 GB
3 F(Y 10.08.14 12.25.77 62 28 2
33 FU0 05.24.19 01.2078 58 2 2 ® 00,0

GB (1) 04.20.01 120372 11 a2 [} M Y

35 GB(Y) 06.0237 122474 N7 4 1 2.
312 Ipr

4.p

6 1D 11.13.29 122777 43 6 2 5. fo:
37 13 03.14.20 07.10.78 55 2] g. *fir
A ol

k1 S RS 08.01.22 10.24.75  $2 a2 8.pr
ELR N ¥ 08.02.29 08.10.76 37 13 5 ch

40 N(1) 12.23.15 01.04.72 56 a1 Tables !
'y : ren
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sarsoma Table 13 1continued) L
-)
—’-— . Date of Touwl !,/
Birth dare death Age at yoan Juh, . Hal
No  Counev?  imyd/edP (m/d'v) Jdeath EAD. viassingdtion® \
wicaton® P o - 4
— 4] Sih 06.23.27 10.20.70 43 18 2
4z $15 06.10.10 031976 CH ol 2
T sd 11614 081277 62 31 D
1213 44 USA() 101733 030373 49 3 9 .
- 45 UsSA (D 08.15.33 09.27.71 37 . 13 9 z. :

i 14 36 USA () 05.25.15 12.19.73 58 ! | 10 - . ‘
v 47 USA1d) 011533 010768 43 s 10 s i
IRTRT 48 USA(S) 012512 040963  s2 20 10 : i BTN
17 49 USA (6) 11.33.28 07 24.7% 46 12 10 S . _"’
L 0 Usa (D) 05.05.22 035.25.68 4% 17 : :;‘_:
116 $1  USA(8) 050620  08.2861 41 s R
" . 3nd USA 9 11.08.31 03.00.75 43 24 (D) 0 e

53 USA (10 08.16.13 05.10.68 §5 17 - {
54 USA(1]) 05.27.09 03.16.70 61 23 o

5 USA12) 11.17.18 05.02.69 0 19 B 7N
56 UsSa13) 12.01.21 07.04.74 52 =3 . .
5 USAié)  11.04.27 03.27.59 4] 4 L~ .
58 USA«17)  05.06.31 1978 slive 43 19 ' k5 xy

59  USA(18) 062338 110275 46 1l ‘B
60 USA«19) 000015 04.06.76 60 e JEXE

€ 61 USA(ZDY  08.31.17 01.30.77 58 21 2iveks

i 62 USA.2l) 090209  01.0277 67 21 .
63 USA (22 10.02.23 12.04.76 $2 pd. 3 ; -
&3 USA(23)  00.00.22 0-+.06.73 50 14 O
65 USA(H) 0S07.17 053777 60 26 ! gt Ry
66  USAS)  08.07.10  €3.10.77 67 20 oy
67 USA (36)  7(1973) 2(1978) (1978 ?(197)) =
63 YU(D 04.05.14 08.04.73 $9 20 1,2.5 ;:3'.'
2 5
7
i3 Begum L. lualy "'L;,
ND, Canada. 1. Japan el
SR. Crechoslovakia N, Norwzy sk
D. West Germany S,  Sweden et
F. France USA, United States of Amenca S
GB, GmatBnnin YU, Yugoslava. PE
C
b 00. data not available. "
PRl g
€ 1, autoclave cleaner 10, polymenzation worker 2 t"‘f
2. sutuciave operator, 11, technical assistent 15T
1. pipe fitter 12. maintenance worker iTF
4, polymeszer 13, millwright R cicti
$. fomman 4, water cooling unit N agin
6. ‘filtreur’ 15, reager Selly
7. *pré parateur de solution’ 16. fumace openator s
8. process worker 17, machune shop wosker [narys
9. chemical operator x.?;:\_ 2
el ' y_“ ..
. (Tables 13=15 are compied with the 3id of informauon containcd in the literature; ;-f\é, '-
i references sec Table 15) =l
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62 . W.K. Lelbach and H.J. Marsteller
a population of 130 000. One of the four had a history of occuparional exposure to
polyviny] acetate, which has hitherto not been related to ASL, The other three may
have had nondocumented exposure to arsenical pesticides. which were used for many
years in this region, but such conjectural deliberations must awat further invesugation
for confirmation. :

Death certificates for the periods 1963-1973 in England and Wales and 19651973
in Scotland recorded 41 cases of ASL (19 cases per year: mean: 3 cases per year). An
unexplained peak was observed in 19638/1969 (Baxrer and Fox 1975). Six additional
cases not mentioned on the death certificates were detected by a panel of specialists
(Baxrer et al. 1977). In reassessing 36 of these 47 patients for whom histological sec-
tions were available, the panel of histopathologists unanimously agreed on the diagno-
sis in only 14 cases (7 doubtful, 3 unclassifizble, 12 non-ASL). For 12 of these 14
cases occupational and residential histories were obtained which revealed one un-.
doubtedly VCM-induced case, two cases with possible exposure to (low levels of?)
VCM and one case attributable to thorium dioxide.

After the first three cases of ASL among vutyl chioride polymerization workers in
the United States had come to the attention of the National Institute for Occupational
Safery and Health (NIOSH) in January 1974 (Lioyd 1974), this institution continued
to collect information on additional cases reported to them from nations 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 Kaminski 1978, pers. comm.); another eight cases had been observed
among nonpolymerization workers exposed to VCM in vanous jobs. On the basis of
this dau collestion communicated to us in 1978 = for which we wish to thank Drs.

R. Kanunski snd R. Spirtas, NIOSH. Cincinnati, USA - we sttempted 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). The ten Canadian cases of
VCM.induced ASL (cases 2=11) are dealt with summarily in the papers published by
Delorme (19782) and Delorme and Makk (1975); seven of them were descnbed in
more detail by Makk et al.(1976). Cases 19 and 13 were observed a1 our elinic in . Jnn
but details have only been published for case 19 (E.U. in Lclbac/ and Marsreller 1977).
In reviewing the literature we could not trage cases 3730, 43, 50, 51, 5367 and
C.F and H. According to the latest annual report of the Staatlicher Gewerbearzt,
Diisseldorf (Remnl 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 2 17th case (Figs. 8 and 9).

In 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 poilymenza-
tion workers for whom details were available, total years of exposure ranged from 4 to
31 years (mean and median 18 and 19 years, respectively). In comparison, mean dura-
tion of exposure in our group of 17 individuals with advanced nonmalignant liver dis-
easz (see Table 11) was 10 3/4 years (range: 3 1/2-21 years). The latency penod
(years from first exposure to diagnosis of ASL) ranged from 9 to 38 years (mean and
median: 21 years). The average age at diagnons of ASL was 50 years (range: 37-71
years).
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: Table 15. Publications on the 63 cases of anposarcoma of the liver listed in Tables 13

W.K. Lelbach and H.J. Mar<teller

No.  References

Additional relevant information

RS ! Hubleretal (1977)
;.1""“%
SR )
[ :
e 102 4 Delorme and Makk
P s 5 (1973)
e Ay 6 Makk et al. (1976)
e & 7 ?pmmmma.b)
e xew ¢ 8 | Delorme and
Mor el 9 | Thénauir (1978)
4“; 10
& g\ 1)
N 1.
W é 12 { Schmidr and Bétore
- 13 | (1976
Yor
5t
82N 14 | Lange eral (1974b)
L] ‘;_
4;-‘{5 15 f Gedigk etal. (1975)
I .
'_._«_. 16  Gokel et al. (1976)
S
5 s ¢ 17 Amann(1975)
‘1,::; , Ridsamen (1976)
N
Sal
S TPy 18 Reinl et al. (1976)
< . ‘;
DAt 19  (Observed in Bonn)

4

20 Reinl et al. (1976)
2l Remnleral. (1977)
pd Rewnleral. (1977)

23 (Observed in Bonn)

e
1

e 24 Ravieretal. (1975)
o i
Y -
Lhe 25 Rocheeral.(1978)
o

26 Rery etal (1976)

Hypertrophic. hyperchromatic gnd aty pical endotie-
lial cells in the glomeruli; foci o) haematopoctic cells
in hver and spicen

Case no. 7: ASL associared with hepatocelluiar
carcinoma (Delorme 1978b)

(All cases {rom one plant in Shawirugan, district
Trows Riviéres. Quebec)

At the same plant: 4 cases of VC\Manduced cirthosiy
of the liver plus | case of virrhosis and goneralized
reticulosarcoma and 4 cases of carcinoma of the Gl
tract or lungs

See also Reinl and Weber (1974)
See aiso Reinl and Weber (1974)

Foci of haematopoesis within the tumour areas

1974 portocaval ansstomosis: cholecyvstectomy,
Hypertirophic. hyperchromatic and markedly atypical
endothelial cells in the glomerult and in the capilanes
of the lungs :

1

Moderate hepatic siderosis: chronic fibrosing pancres-
nns: tobular and intenstitial fibrosis of the festes

Focal interstitial fibrosis of the pancreas

See also Berrod et al. (1978)

1942 gastrectomy. 1974 spienectomy, right hepatic
fobectomy (640 g). See aiso Roche (1977): Puech et
al.(1977).Bonneton et 2i. (1975, 1977). Berrod et

al.(1978)

No autopsy (see also Berrod ¢t al. 1978)

t
28 Ro
29 Roc
30
;; Ber
a3
34 Le
3s Sm.
36 Me
37 -
3s -
k1 -
40 -
4] By.
42 Byr,
43 -
44 Bl
{ca~
45 Blov
(ca.
46 BI‘( +
{cd-

Vinyl Chl

T.bl! 1506
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Vinyl Chloride-Associaied Disease

Table 15 (continucd)

No.  References

Addisonal reievant information

hir Roche et al. 1 1978)

Roche et al (1978)

Roche et al. (1978)

Berrod et 2. 11978)

Lee and Harry (1974)

Semith et al. (1976b)

Maltont (1974)

Chronic alcoholic. See ajso Rache 1 |977): Puech et
al. (1977 : Berrod €121 (1978)

First symplom: vertebral and costal metastases Right
hepatic jobeviomy. See also Roche 1 1 377). Puech et
al. (1977 Pitichowski et al. (1979}, Coudere et al.
(1976), Berrod et 4. 11978)

1960 sclerodermalike skin indurauon {hands), swell-
ing of face. upper extremmuties and teet. 1971 bulateru
scroosreolvsu. Tumour penetration of the abdominal
wall (fistula). Severe intersutiai fibrosw of resres:
fibrosis of interstitial wall: slight mesangial fibrosis of
glomeruii. Vanable but generally shght fibronyalinosis
of artenal and venous vessel walls (skin. heart, lungs.
intestine. testes)

Latency penod (135t exposure = death) only 8 years
(sae ais0 Fox and Cuilier 1977)

Byrén and Holmberg (197%)

Brrineral. (1976)

-

Block (1974)
(case J)

Block (1974)
(case 2)

Bluck (1973)
igase 4)

1965 portocaval shunt. 1970 cholecysrectomy. See
also Falketal (19742) (case 4), Whelgn et 2l. (1976)
(case 1)

No autopry. See also Creech and Johrson (1974);
Falk et al. (19742) (case 3); Whelsn st al. (1976)
ease 2); Makk et al. (1976) (case 6)

Sew 2lso Falk et al. (19743) (case §): Makk et al,
{1976) (case 10)
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Table 15 (continued)

No.  References Additional relevant information

Yo eyl

(case 1) L1976) (case 4)

48 Block (1974)
(case 5)

47 Block (1974) Sce also Falk et al, (1973a) tease 2): Makk et al.

oo

See also Falk et al. (19732) toase 1): Maki et 3l
11976) (case 2)

49

Block (1974)
(case 6)

0 -
51 -

-

See also Falk et al. ( 197420 (case 6): Whelan 1 af,
(1976) (case 4), Makk et al. 11976) (case 14

52 Whelan et al. (1976)
(case 3)

Chronic aleoholic. See aiso Mokk et 3l (1976) icase
13); Berk et al, (1976) (case 2)

$3-67 ~
68

Zonica et al. (1975)

Among 3 work force of 180¢]20, PVC polymerza-
tion: 60, production of VCM) employed at thus plant,
15 died of malignant disease (2 ASL, § bronchogenic
carcinomas. | case each of carcinoma of the iarynn.

rib, mamma. spermatic cord: glioma, melsnosarcoma.
leykaema. Hodgkin's disease)

First exposure to VCM for these 67 cases of ASL dated back to the period 1939~
1966 (median: 1951). Twenty-one years later, i.e. from 1972 onwards, 2 gradual in-
ereas: 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 caleulated mean latency ,
peric " of 21 years (Spirzas and Kwmninski 1977). Spirtas and Keminski also suggested
that «n future cases the age at diagnosis and the length of the latency penod may in-
crease as 3 result of the later reduction in levels of exposure.

From the synopsis in Table 1318 it can be seen that in about two-thirds of the R

eases of ASL for which morphological details are available varying degrees of amsociat-

ed hepatic fibrosis in nontumorous areas of the liver were mentioned. Less often, evi-
dence of pontal hypertension and splenomegaly were noted. Metastasis of angiosarco.
na 10 distant sites was observed in approximately half the published cases. It s of note
that acroosteolysis and cutaneous stigmata of seleroderma have been observed in only
1 of these 76 patients, a French PVC worker who had apparently not been engaged

in reactor cleaning (case 29; Roche et al. 1978). Another noteworthy pitce of informa-
tion is that strilungly atypical endothelial cells with hypertrophic and hyperchromatic
nuclei have 3lso been found in organs other than the liver (kidneys, lungs) in sutopsy
material from two patients (cases 1 and )7, Hubler et al. 1977, Ribsamen 1976).
Hubiet et al. (1977) also found such cells in the myocardium and in the adipose tissue i
enveloping the adrenals. All this may lend support to the idea that the ellect of VOM
metabolles is not restnicted to the vascular endothelium of the liver and spleen. Angio-

o T - S i N "I N

cC. 2

-

L r e

— —— e 2 s I STErp?
= P ALY WA e A e S pe gt S E 5y s b g
S A L
.

o gty
SR e S
-1 g T A=Y



“larsteller Vinyl Chionide-Asioviated Dscase i

Table 16. Personal data on eighit cases of angrosarcoma of the liver among VO3 -ex-
posed personnel not employed in PVC production tas reported to NIOSH by August
19789

Date of Towul
Birth d:ge death Ageat vears  Job
Countmy 1m7ad’yy (midryvt death =xp. classificauon

IR
J'":.V L~

:IL"

._"p."-!) i

D3 07.16.30 10.10.73 =3 14 Lodding pesuciue cans
with VC\| propellan:

L

1 ..'

F
%
ad

.

D& 05.09.36 12.16.72 38 35 Assistant factory
chemist

L1

GB(2) 09.08.14 12.00.70 L3 Pouring PV'C ol mix-
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Ly 06535 041631 36 Fabrication oi PVC
sacks 3nd wrappings
(extrusion at tempera-
—— tures ol 120°0)
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chopemic . $i3  I1L37.01  08.1671 61 Assistant factory chem.
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LUSA (15) 00.00.28 02.15.713 47 ; Accountant 3t plant
—— producing PVC fabne

e

G YU(2) 111831 07.12.13 43 Production of VCM
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‘ual in.

" "':::v 3 Update of NIOSH regster, August 1978, prepared by Kaminsk! as in Table 13.
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-ul the sarcoma arising {rom the kidneys or other rypes of malignant renal neopiasms, how-

* associat- ever, have not been described in VCM-exposed indinduals, slithough malignant nephro.

'fen, evie blasrorms has been induced in experimental animais,

liosarco- The extremely rare coincidence of angiosarcoma and hepatocellular carcinoms was

*i of note found in three instances (case 7, Delorne 1978b: case E, Byren and Holmbery 1975,
and 3 case not included in the 1978 NTOSH update Taméurro et al. 1978a). In the
cxie reponted by 7gmburro et al. chronic alcoholism may have played s cofactor role
in the deveiopment of liver cancer. We can now add a fourth case observed in 1978 3t
the Department of Medicine in Bonn (see Sect. 4.1.5 and Fig. 3). This patient (patient
9 in Table 11), 2 PVC-polymerization worker (total period of exposure: 13 years) was
first admitted to our department in February 1975 and was found to suffer from aryp-
ical cirrhosis of the liver with portal hypertension, splenomegaly and Raynaud’s phe-
nomenon, During followup ASL was clinically suspected but could not be confirmed
during life, despite expioratory laparotomy and generous surgical biopsies. The patient
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Table 17, Clinicad and morphaological data on cight cases of anginmarcoma of the liver among Vi 'M{“‘Ilht-‘ L et not unpluye-l in
PVC polywwerization
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Tabile 18. Fublicanions an the eight cases o1 angprosarcoma of the liver listed 1 Tables '{’ : 7
16 and 17 ) . :
- oo <
No.  References Additional relevant information . bl .t :. =~
.. ‘;
A Reinl and Weder 1967 idinpattuc portal oy pertension: portocsva sy = e
11974) shunt < \;.‘
B Zimmermann and Eck 1973 nght hemmnephrectomy for upilatz-al hvdro. :" _"';,b
4075y nephrosis associated wath bilateral Jouble Mdney ,,_ , 9. g
Rewnl (1975) Foei ot haematopoetic vells in spleen and kidney. ol N ‘.7
Fibrous of the pancreas. Slight {ibrosis of testes and L. . Brme-
of the «mall intestinal terasa . o o
Maltomr i 1973y Autopsy angiomatous 2pulis. Angiosarsoma invoive ! ,' ' e =
ing liver, lungs and pencardium. The pencardium , - @ 'ﬁ .
miglit have been the primary ste! : N R
8 Jig
E Brrin and Holmberg  Probable coexistence of 3 hepatoveiiular cancer of ’ “depnrdy
(1975) both low and high grade diffcrentiation Lo
peguid o
F i‘; -
I
G Zoricaeral (1975) .
H . ¥hed
1o W
o g
died on 7 August 1978, aiter a massive haemorrhage from oesc or.1geal varices, Autop- {;: %
sy revealed both multicentne metastanizing angiosarzoma and hepyrocellular carano. Ter =,
ma of the liver a5 well as slight fibrosis of the pancreas (to be putished in degil), ey
It i still unexplained why hepatocytes are genenily exemg > from the carcino. ,::':"‘-
genic eiTect of VCM metabolites but. as predicted by Popper in 1978, three anecdotal Lo s
cases of hepatocellular carcinora., one German (Goke! et al. 1976) and two British ("‘51:
PVC workers (Fox and Coilier 1977), have now also been observed after exposure to o
VCM. It may be mentioned that a review of the distribution of primary livet cancer Biagay
in the Provines of Quebec covaring the perod 19691972 showed 1 prepondesance )
of adult male cases in urban areas clustered in the district of Trois-Riviére in congru- TN
tnce with the distribution of the plastics industry, a coincidence which calls for ‘1::_5‘,,
further investigation of'a possible exposure to industrial carcinogens (Jacod and c-}-r:-“-'.-
Thérianir 1975), . o
Not included in the NIOSH repster are several anecdomnl cases of ASL, capillary S
and cavernows angiossreoma of the liver and haemangiosarcomatosis of sites other than . :""«.—5:
the liver, vor which a relstion to occupational or even pessibly residental exposure 1o N 't".'."""
VC has been discussed (Voria et al. 1977; Brady e al. 1977; Dor et al. 1975; Wall. oL shalts
nisfer and Zinnagi 1977T), ol ;ﬁg‘.; B
Aithough of undetermined relevance, it should {inally be mentioned that, in addi- 3 P d s
tion tv hepatic fibrosis, varying degrees of intesstitial fibrosis of the pancreas were L Nty
noted at Jutopsy in four German workers (cases 19, 23, B and the above-mentioned ..

.-'_'-’&:‘-ﬁ
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&9 74 W.K. Lelbach and H.J. Marstetler
-y patient with both angiosarcoma and hepatocellular carcinoma). Fibrosis of the testes o
i was observed in three cases (19, 29, B), and Roche et al. (1978) also reported fibrosis/ h:
S hyalinosis in vessels of skin. heart, lungs and intestinal wall. ar
3
B
z
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Fig. 7. Cumuﬁtiu number of cases of ASL among PVC production workers reported

to NIOSH up to Aupust 1978, arranged acconding 10 year of diagnosis (data from
Spwrias and Kamunski 1977, 1978)

43.2 Clinical Manifestations

The clinical symptomatology of usually multicentric ASL is unspecific. Gradually de-
chning general health and loss of weight combined with ill-defined upper abdominal
discomfort and slight epigastric or right upper quadrant pain are usually the first
symptoms. Recurrent bleedings {rom oesophageal varices may have been antecedent the
evenss in patients with portal hypertension who otherwise felt fairly well. In a number Um
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Qm of cases. the tumour {irst came 10 attention with massive, often fatal, intrapentoneal P -
W rosis. haemorrhage. Imponant tender hepatomegaly (hepatosplenomegaly), slight jaundice ..': G

and occationally development of moderate ascites and oederma were observed. Except - iy Chiy

for mul¢ to moderate hypertilirubinaemua, sorme elevation of sorum levels of alkaline pEn 3 ‘;e_:"

Fhospnatase ind gammagiutarny| transpepndase and only slightly abnormal levels of IS I3 ke

serum transairunases, the spectrum of brochenucal tests is hardly revealing. Alpha-teto- . F '?.".':‘:‘.

protein determination has not been helpful in the diagnosis. Ultrasonogeaphy, seinu- Ths " R,

graphy, hepatic angiography and, notadly, compurer tomography of the upperabdomen . : A

are the diagnosue prosedures of choice if ASL is suspected. . © By

A technenum.9™ Jiver scan visualizes intrahepatic rumour defects (Siersack et al. i 2o

1977b) together with abnormal splenic fixation, but peripheral defects of uptake may . ;PR
be difficult to interpret (Whelan et al. 1976). Characreristic features of angiography “'- ! .:

are 3 normal-sized hepatic artery with possible displacernent caused by tumour enlarge- T . JE “1\%

ment. 3 certain degree of central hypervascularity of the tumour. a perpheral tumour -t a7

stan, and puddling of conrrast medium pernsting 1nto the late venous phase. In addi. : = i:,I'r

tion. varying degrees of peliosis hepatis may be observed in some cases. However, even -, 'Z.

repeated hepanc angiography may fail to confirm the suspected diagnosis, as was en. . .-: 3

dentin one case reparted by Roche et al. (1978). . Lhresd
The example of 3 Sd-vear-old polymenzation worker who died of merastanizing v

anposarcoma of the liver in February 1980 may serve 1o illustrate the clinical course. bt

In 1972/73. after an exposure of 18 years’ duration, we found him to suffer from Ray- Ty

naud’s phenomenon and noncirrhotic portal fibrosis and portal hypertension with sple- 2 F T

nomegaly and moderate thrombocytopenia, Despite termination of exposurs, these Ern -
was progressive spienomegaly and development of massive oesophageal and gasine ot
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s Fig. 8. Compurer tomograshy showing & large. irregular. hypodense angosarcoma of T Droar
dent the liver involving hoth lobes. Courtesy of Profexssor Thum, Department of Radioiogy, t St ?
2 aumber University of Bonn . b
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e W.K. Letbuch and H.J. Marsieller

varices dunng the following years with repeated episades of bieeding which required
(successiul) sclerosing therapy (major surgery was declined by the pauent). in August
1979 he presented again with recurrent epistaxis and slight but permanent epigastnic
and upper right quadrant pain. but declared that he felt otherwase fairly well, He com.
plained about a sharp localized epigastric pain on sneezing. Thete was marked spleno-
megaly, and an ill-defined hard mass was palpable in the epigastrium. Apant from mod-
trate elevation of alkahne phosphatase and borderline hyperbilirubinaemia, biochem-
istry was normal. Computer tomography showed a [arge irreculat 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 defect. Shortly after this there was mounting evidence of brain inveivement
and rapid deterioration. Computer tomography now revealed multiple brain metastases

(Fig. 9). Autopsy confirmed the teatative diagnosis of metastasizing angiosarcoma of
the liver (Fig. 10).

Fig. 9. Computer tomography showing multiple brain metastases of sngiosarcoma of
the liver. See text. Courtesy of Professor Thum, Department of Radiology, University
of Bonn

A DA X bt Yt

433 Peritoneoscopy

Little information is available in the literature conceming the peritoneoscopic aspect
of VCM-induced ASL (Roche et al. 1978). It may be impossible to make a diagnosis of
the injtial phase of ASL in YCM-exposed wotkers by peritonecscopy and needle tiop-
sy of the liver, 23 documented in one of our patients who died of multicentne ASL
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7€ W.K. Lelbach and H.J. Marsteller

11 months after peritoneoscopic diagnosis of severe hepatic fibrosis (case 19: see also
Lelbach and Marsteller 1977). In addition to the findings described in connection with
hepauc fibrosis, there may be hypervascularized or cystic tumour formation visible on
the suriace of a nodular, quasicirrhotic liver, or a gross aspect resembling hepatic me-
tastases if the vascular malignancy involves the superficial regions of the liver. It should
be siressed here that needle biopsy is absolutely contraindicated if there is any suspi-
cion of ASL.

434 Grows and Histological Morphology

The liver is usually markedly enlarged. Liver weight in cases of ASL ranged from 1609 to
7300 g (Thomas and Popper 1975 . Roche et al, 1978). The gross appearance of ango-
sarcoma of the live. is mostly that of large bulky, irregularly shaped cystic tumour
masses: a multinodular form with numerous, someumes umbilicated nodules, 13 less
often encountered. Extensive haemorrhagic 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.

Thomas et al. (1975) and Thomas and Popper (1975) distinguished fonr basic devel.
opmental patterns of histomorphology of ASL, which can be found in different por-
tions even of the same tumout and appear to represent stages of progressive evolution:
sinusoidal, papillary, cavernous and anaplastic patterns. Indistinct areas of transition
and merging of pattems ean be observed. .

Dilated sinusoidal spaces lined by hypertrophic and hyperplastic sarcoma cells with
pleomorphic, elongated, hyperchromatic and often bizarre nuclei characterize the
sinusoidal pattemn, which is the most frequent type. Tumour cells of varying differen-
tiation envelop liver cell plates and may invade enlarged and fibrosed portal tracts, ac-
companied by proliferation of bile ductules (Fig. 11). In papillary anposarcoma 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 (Weinbren 1976). Even larger blood-filled spaces
are seen in the cavernous type, where they may be surrounded by thick fibrouc walls,
In 2 smaller percentage of cases, solid areas or nodules of anaplastic satzcoma are found,
resembling solid spindie-cell sarcoma, or even suggesting an epithelial type of tumour.
Gedigk et al. (1975) also observed a reticulosarcomalike partern. The differenuation of
the tumour cells varies widely: it ranges from the inconspicuous endothelial lining cell
type to irregularly shaped, grossly distorted giant«cell forms. Morpholopcally, viny!
chloriderelated ASL cannot be distinguished from ASL associated with other aetiol-
ogical factors or from the cryptogenic type (Popper et al. 1978).

In tumour-free portions 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 proliferation 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 lobular parenchyma can be found. A more or less conspicuous intra-
lobular, perisinusoida! fibrosis is often detected only by special staining methods for
collagen or reticulin fibres. As a rule, irregular focal or nodular fibrotic thickening of
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Fig. 11. Angiosarcoma of the liver (upper parr of photomicrograph) invading adjacent
liver parenchyma (case 14 = D1 sex Table 13). Note hyperplastic 3nd hyperciromane
auclei of proliferaung neoplastic lining cells enveloping hepate sords. Repraduced by

permission. Ann NY Acad Se1 246: 178285 (1975), Courtesy of Professor Gedigk,
Institute of Pathology, University of Boan. H & E. x 250

of Clisson’s capsule is present: these fibrotic capsular areas may extend into the under:
lying parenchyma and may conect with adjacent entarged subcapsular portal traces.
The cellular and nuclear size of hepatocytes may vary widely; groups of binucleseed
ot even multinucleas parenchymal cells with abundant eytopiasm are seen, Focal pro-
liferation of sinusoidal lining cells may be encountered, especially within fodi of sinus-
oidal dilatarion,

In connection with conspicuous sinusoidal dilatstion, two rypes of focal hyper-

plastic precurzor lesions were described by Popper ¢t al. (1978):

1) Poorly circumseribed fod of hyperplastic, often binucleated hepatocytes wath
ineressed number of vanious sinusoidal lining sells and only insignificant increase of
reticulum framework.

2) Alraost nodular areas of conspicuously hyperplastic and hypertrophic hegato-
Cyues with more pronounced variation of markedly increased sinusoidal cells without
degenenation or nsctosis of liver parenchyma, but accompanied by excess formation of
reticulum framework and compression of surrounding purenchyma.

The transition of sinusoidal lining cells to angiosarcoma cells is characterized by in-
creasing atypia and anaplasia of these proiiferating endothelial cells accompanied either
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30 W.K. Lelbach and H.J. Marsweller

by lormation of excess connective tissue or by accentuation of sinusoidal dilatation
Jeading to pnmary peliosis. Involvement of portal areas in the evolution of angiosarco.
ma resuits in considerable fibroplasia and formation of hyalinized collagen together
with proliferation of bile ductules. In occasional cases connective tissue bridging be-
tween poral tracts or between portal tracts and central veins with subdivision of lobu-
les followed by reamrangement of hepatocytic plates may lead to a cirthosislike picture.

435 Therapy

‘The muiticentric development of ASL (Thomes and Popper 1975) g5 well as the dif-
fuse spread of the tumour usually encountered by the time of diagnosis precludes ef.
fective surgical or radiation therapy in the majonty of cases. A survival period of two
years after surgery (Berrod et al. 1978) or chemotherapy (Dennaher 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 a very
limited extent (Danngiicr et al. 1979). At present, no generally accepted guidehnes 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 polymenzation workers of
roughly 20 000, a risk ratio (ratio of observed to expected cases) for this population of
at Jeast 400:1 was calculated (Hearlt et 1. 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 polyme:-zation workers within 3 10-year period. Dose.response and attendant
biotransforma: :n data on experimentat animals have since been used to elaborate sev-
eral different models of extrapolation to man. These were calculsted with reference 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 (Sciincidernan et al.
1975: Geliring et al. 1979, 1978: Woods 1979). Gehiring et al. (1979) consider a probit
percent model to be a reliable tool for risk prediction, which works without the atsump-
tion of a threshold. They predicted a cancer risk of 1.5 cases of ASL in 100 000 000
workers on exposure to the cutrent National Standard in the United States of | ppm
VCM 8 h/day, 5 daysfweek, for 2 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 inhalauon, distribution, metabolism, cell
proliferation and tumour latency times between rats and humans was described by
Woods (1979). This model arrives at an incidence of 3.9 cases per 100 000 000 workers
after alifeime exposure to 1 ppm. Much controversy, however, about the validity of
risk extrapolation from animal experiments to man and from high- 10 jow-level expo-
sure and the problem of threshold doses has been voiced (Maugh 1978 Hooper et al.
1979 . Schuciderman 1979 Weigert 1979 Reitz et al. 1979),
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q;o. Results of a recent survey by Srady et al, (1977) indieated that for New York State -
texcluding New York City), a highly industrialized area. the annual incidence rate of .
hey ASL during the 6-vear period from 1970 through 1975 was 0.25 per million residents.
he. This corsiderably exceeded the national averzge rate of 0.14 per million per yearin
i lobu- the United States. In 3 concomutant casecontrol study, 26 patients with lustologically
icture. confirmed ASL wers found in the study area from 1938 to 1975, and 7 of these had

had docurnented long.term exposure to either As. ThO- or VCM, Five ¢all female) of
the remairing 19 patents Lived at 2 distance of $00d 500 feet from VC 1abnzation ot
polymerizauon facilities jor long penods. No perunent exposure or residennal lustory
was obtained from the other |4 pauents, Discharge of unreacted monomes into the sn-

: dxf: wvironment as result of logses in the PVC production process was estimated to have ex-
s ceeded 200 million pounds annually, most of which escaped into the aunosphere with
ttwo lesser amounts dissolved in water effluent (Scinvarrzer 1975). Concerning the order of
'ua ‘magnitude of ambient exposure beyond the work place. i#. outsids the industrial set- o .
€ pa ting, an averags annual exposure concentrauon of 17 ppb was estimated {or the 4.6 ¥ )
:?; for sullion persons throughout the United States who resided within a S-mile radius of
vinyl chloride emission sources (Kuzmack and MeGuughy 1978). If the nsk assessment
mode! elaborated by Woods (1979) is apglied to this population of 4.8 million people.
the esumzated intidence of angosarcoma per year would not be above expected back.
ground levels. :
Q
'\:: of =+3.7 Momaiity and Cancer Morbidity Studies
".':; of For a tumour disease as rare a3 anposarcoma of the liver even quite smal) increases in
. iashazard o ~~ background levels should be detectable (Dol 1975). The situation with
. (- the common types of cancer is far more Jifficult. Sincs 1974 3 number of mortaiiry
s per studies of VCM<xposed populations have suggested that in humans long-enn expo-
. y sure to VCM may also be asociated with cancer of gites other than the Liver, notably
sev the lungs, and the fymphatic and central nervous system (Monson et al. 1974: Ort et
e 16 al. 1975. Tabershaw and Goffey 1574; Nicholson et 3l. 1975; Weponer et al, 1976

o Waxweiler et al. 1976 . Nicholson 1977; Buf]ler et al. 1979). Epiderajological studies
;;,: of Britith workers failed to confirm this suggestion (Duck et al. 1975: Duck and Carrer
1976 Fox and Collier 1976, 1977). 2 did 3 prospective study of 3 VOLPVCex-

s :l posed cohort of 1618 employess of s West German chemical plant (Frenrzel-Bevme

! prooit et al. 1978). Criticism of design and interpretation of some of the studies has been
‘m’j voiced (Falk et al. 1974b; Purchase and Williamson 1973 Reger 1977: Dakderup 1975:
i Berry and Rosnirer 1978). A follow-up of all VOMaxposed persons (750 traced) ever

. ::':’ employed at the one Swedish factory, which started operation in 1945, for mortality
tied by and cancer morbidity patiems revealed a fourfould excess of pancreas/liver tumours
el - I::t. :;: deviation in the number of brain tumouns from the expected lovel (Byrén et al.
1] ! .
+hy I In addition to the three extensive mortality studies of Tabershaw and Gaffer

iity of (1974), Waxweider et al. (1976), and Fox and Collier (1977), a founth comprehensive .
1 expo- epidemiological study (Rein and Weber 1976) was compieted in 1977 by Reind et al.
ceral (1978). wiich included three study populations from | ] VCM- and PVCproducing

faciones in the Federal Republic of Germany, covenng the period from before 1959
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through 1974: (a) 7021 workers engaged in the production of VCM and PVC; (b)
4910 chemical workers from the same plants not exposed to VCM: and (¢) 4007
workers engaged in PVC manufacture. Not included were non-German workers of
Mediterranean origin. This German study permits cumparison not only with the mor-
tality ratio of the total male population but also with 3 comparable occupational
group exposed to VCM, With regard to the *healthy worker effect® (McMickael et al.
1975), overall mortality was elevated for the VCM-expuosed population (group 2). but
not for the other chemical workers (group b). Apart from the markedly elevated stan-
dardized montality ratio (SMR) for malignant liver tumours (1523). which proved to
have been closely related to the duration of exposure, 2 sigificantly elevated SMR was
found for rumouns of the lymphatic and haematopoetic system (214). The group of
chemical workers not exposed to VCM (b) aiso showed a significant elevation of the
SMR for liver tumnours (401), a result that deserves further investigation. No signifi-
cantly increased risk was found concerning tumours of the central nervous system

or the respiratory tract.

It has already been mentioned (Sect. 2.2.10) that an excess mortality from brain
tumours (SMR 535) was recorded among PVC workers engaged in manufacture at one
of two plants: in the second plant an elevated SMR (434) for liver 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
407 of deaths having occurred in ex-PVC workers. A recalculation of the availsble data
would have been necessary for the evaluation of a conceivable influence of VCM on
vigilance. : .

As an addendum it may be noted thar determination of plasma carcinoembryonic
antigen titre (CEA) in 200 Canadian PVC production workers (mean duration of em-
ployment: 10 years) showed a more than threcfold higher frequency of levels above
10 ng/ml than in a nonnal healthy population (1.7% vs. 0.5%) (Page et al. 1976).
Lavels of CEA were also determuned in 1363 workers of five different VCM polymeri-
zation (3) and PVC processing (extrusion) plants (2) in the United States (dnderson et
al, 1978). After removal of possible confusing factors (smoking, alcohol 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 (polymenzaton and maintenance) compared with extrusion
workers and the reference group. However, the usefulness of the CEA titre as 3 predic-
tive indicator of possible increased risk seems doubtful.

4.4 Miscellaneous Aspects
4 4.1 Thrombocytopenia and Platelet Function Tests

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

‘thetically and without furthet comment = in a papes published by Anronynuzhenko in

1968. Later Jiilie et al. (1973) noticed that each of the first 13 autoclave cleaners re-
ferred to them during 1972 from a West German piant because of suspected skin and
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bone lesions pressnted with mild to marked thrombocytopenia (30119 ¥ 107° Titze).
Bone marrow aspirates in 6 patients permitted exclusion of disturbed platelet forma-
tion or osteomyelofibrosis/sclerosis, but in 12 of them splenomegaly was found. Ex-
cept for slight reticulocytosis in 8 and leucopeaia in § of the workers, other haematol-
ogical tests were negative. The reduction of the number of lencocytes and platelets as
well 35 reticulocytosis apprared to be attributable to splenomegaly, but further studies
on the nature of thrombocytopenia were thought necessary. and it was suggested by
the authors that 3 Jecrease in the number of platelers mighr sesve as an e2rly and easily
detectabie symptom. Tiie kigh prevalence of thrombocytopenia (as dezsrmined by
phasecontrast microscopy) found later on detailed analyns of plateier function and
other parameters of biood coaguiation i1n the total cohon of PVC producton (and also
fabricanon) workers from this plant strengthened this suggestion (Bachner et al. 1974,
b, 19754, b, 1976; Seirr-Bachner and Erzel 1977). Wepman (1975) also commented
upon abnormal platelet counw in 13 of 37 PVC fabricating workers who had only
handled PVC powder which. however, might have contained substantial amounts of
residual monomer, In contrast, Liis e1 al. (1975) detected thrombocytopenia in only
1 of 354 polymerization workers, but an electronic cell counter was used for platelet
counts (personal communication).
) According 1o Sehrr-Bachner and Erzel (1977). the mean piatelet count in 8 cohoert
of 132 PVC polymerization (3nd processing) workers was significantly Jower than that
in 3 nonexposed control group of 150 healthy men. As could be expected, Baciuier et
al. (1975b) also demonstrated 3 positive correlation between tha degree of thrombo-
cvtopenia and the prevalence of an enjargement of the spieen (palpable splenomegaly
or spieen size determined by selective scintigraphy with !*"-Hg-bromo-mercury-hydro.
xypropanedabelied red cells) in 70 PVC polymenzation workers (see Table 19). It ap-

Table 19. Prevalence of enlargement of the spleen® among 70 PVC-polymerization
worker in reizhinn to incressing degrees of thromt scytopenia ( Bachner ¢t al. 19752)

No.of workers  Matelewts (x 107 /Ltre) Enlargement
Group examinsd Rangs Mean of the spleen

> 130 168 321
100-130 n? 11 (465%)
70- 99 87 19 (76%)
< 70 & 6 (36

As determined by palpauon or by seiecuve spieen scinugraphy.

pears, however, that the development of thrombocytopenis is not dependent on the
presence of splenomegaly since we observed mild thrombocytopena (100~120x 107/
litze) in a small number of workers in whom spieen size was definitely within aormal
Lrnits on selective spieen scintgraphy (Milzflickenindex < 4.5 x 10™ according to
Fischer ana Wolf 1963).

Thrombocytopenia was accompanied by abnormalities in platelet function tests,
There was an increase in the number of large C 10 m) ‘juvende’ platsiets (increased
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platelet spreading). enhanced response (platelet aggregation) 1o addition of ADP and
collagen (Bom test) and increased availabatity of phospholipid<ontaining platelet fac-
tor 3 (Bac/imer et 3l. 19753). This pattern was thought to be compatible with the no-
tion of an increased tumover rate due to derangement o: microerrculauon (CDIC) in
liver and spleen and defective reticuloendothelial svstem (RES) clearance of activated
clotting factors (Bac/ier ey al. 1974b). Ward (1976) and Ward et al, (1976) suggested
that thrombocytopenta could be construed as confirmatory evidencs of an immune
complex disorder. Heusermann and Swere (19773) noted unuaual focal aggregation of
platelets in klatsch preparauons of spleen tissue and increased platelet pooling (plate-
lets trapped within the subsinusoidal meshwork of pulp cords) in the red pulp of the
spleen on eiectron microscopy 3s well as phagocytosis of thrombocytes by sinusaidal
macrophages. Schaffner et al. (1976) found platelet thrombi in and around hepauc
sinusoids in mice after exposure to VCM. A direct toxic action of VOM (or metabo-
lites) on the bone marrow has not been demonstrated so far.

Although the pathogenesis of thrombocytopenia in VCM-induced disease is not fully
understood, it seems at present most likely that it is caused by increased turmnover and
consumption of platelets within the abnormal vascular spazes of the liver and spleen.
A similar type of consumpuon coaguiopathy was described as complication of spon-
taneous haemangiosarcoma of the liver by Truell et al. (1973). A haemosratic defect
more compiex than mere pooling and destruction of platelets in the enlarged spleen
has also been commented upon in the paper by Gerrirs et al. (1974) in connection with
splenomegaly of various noncirthotic origin.

-

44.2 Cenual and Peripheral Nervous System '

Miscellaneous nonspecific and somewhat indefinite symproms have been described in
connection with chronic inhatatonal exposure to VCM in PVC-producton workers,
such as dizziness, disorientation, blurring of vision and memory, headache, irmitability,
excessive fatigue and somnolence, sleep reversa) or insomnia and other pseudoneur-
ssthenic symproms (Suciu et al. 1963, 1975 Schorrek 1959:; Lilis et al, 1975 and
others). This prenarcotic syndrome was interpreted as a manifestation of a potentially

- mvenible acute toxic encephalopathy. Its danger to the individual was thought to lie

mainly in resultant inadequate reactions to critical situations (Schortek 1969). How-
over, Vale et al. (1976) reported that several individuals in a group of 95 comparatively
young ex-workers. the majority of whom had no other sympioms, complained of fa-
tigue, headache, listiessness and depression, with onset of symptoms having been de-
lsyed as long as 2 years after cessation of employment.

With reference to such ‘pseudoneurasthenic complaints’, which may be interpreted
s the mildest degree of a toxic encephalopathy, Penin et al. (1975) examined a group
of 21 autoclave cleaners at varying intervsls after cessation of exposure, all of whom
presented with other (cutaneous, angioneurotic, hepatic) manifestations of viny! chlo-
tide disease. Clinica] symptoms of a more or less distinct encephalopathy (including
cerebellar ataxia in 4) were found in all but one of them. EEG recordings were normal
in only five of these patients. in the others, parenrhythmia, dysenrhythmia of 3 so-
called subvigil electroencephalogram was observed. Evidence of disral polyneuropathy,
found in 19 patients, was attributed in the first place to an abnormal penpheral circu-
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fation with resultant hypoxic damage. The pathogenesis of a possibly VCM-induced
encephalopathy is not ¢lear. It would be conceivable that clinical and bivelectric alter-
ations found in some patients, in whom portosy stemic encephajopathy could be ex-
cluded. may have been dur 1o toxuc or hypoxuc brun damage. However, no'other con.
vincing evidence has 5o 3 emerged to indicate that chromic irreversibie cerebrotonie
damage may have resulted from prolonged exposure to VCM, notwithstanding the pos-
sibility of an nducnon of brain tumours.

443 Puimonary Changes

The suspacted development of nonmalignant pulmonary changes dus to VCM and/or
PVC dust exposure is still a matter of controversy. Soon after VCM was recognuzed as
a potent carcinogen. three groups of employeses (n = 290, 230, 445, respectively ) from
three jarge North Amencan PYCproduang plant (A, B, C), charactenzed by different
duration and levels of past environmental exponire 1o VCM as well as to PVC dust,
were studied with respect to chest x+2y film abnormalities and pulmonary funcoon
defects as assessed by spirometry and determination of maximum expiratory flow vol-
ume (Miller 1975, Miller et al, 1975 Lilis et al. 1975, 1976, 1977). All cases with pre-
vious exposure 1o asbestos, silica or coal dust had been excluded in these studies. Un.
expected linear, reticular and, less often, rounded opaciues on chest x-ray films were
found in about one-fifth of the two groups of employees from plants A (highest ex-
posure) and B (22.7%, and 18.8%, respectively), but in only 4 3% of those from plant
C. with the lowest exposure level. The prevalence of these radiological abnormalities.
for which no pathogeaetic explanation was availabie, was found to be signifieantly in-
¢ereased with longer duration of VCM-PVC exposurs (more than 10 years), but the pre-
valence of 2 pesitive history of smoking, although identical in both groups A and B,
was also found to be significantly higher in workers with abnormal chest x4ay plates.
The overall prevalence of a positive history of chronic bronchitis (British Medical Re-
sarch Council criteria) was 20.4% in group A (highest exposure) and 16.0% in group B,
although group B was significandy older. The somswhat highet prevaience of chrome
bronchitis in workers with abnormal chest x-ray plates did not arrain statistical signif.
icance.

On the other hand, age did not appear to be an imponant factor. Pulmonary func-
don tests showed 2 surikingly high prevalence of obstructive changes, but since both
smoking and age were related to changes in pulmonary function, it appeared difficult
to isolate potential specitic effects of occupational exposure to VCM and PVC dust,

A restrictive pattern was found in 9 3% of group A and in only 2.3% of group B, al-
though group A was significandy younger. In conclusion, this extensive study, includ-
ing 2 total of 945 workess exposed in the past to VO as well as PVC dust, may point
to a potential multiple factor effect of smoking and VCM-PVC exposun. In this con-
nection, it is of interest to note that according 10 a cohon study of menality among
VO3 polymenization workers the SMRs for respiratory cancer as well as for ‘other
respiratory disease’ were found to have been in excess of expectad figures (156 and
176, respectively) (Waxweilcr et al. 1976).

Bronchopulmonary changes thought to be due to long-<continued, intense exposure
to PVC dusr were observed by several authors (Parmeggiani and Sassi 1955 ; Broussard
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1969: Szende et al. 1970: Vertkin and Mamontor 1970: Frongia et al. 1974: Darke

i e

b Loy

( ':,t 'ﬁ' 1976: Arnoud et al. 1978). Conniderable exposure to VPC dust is the rule 1n the dryving. st
) e bagging and stonage areas of PVC-producing plants. Photographs contained in Aurstads’s bl
.';;.5.' 6‘;},‘,.- paper (197_6) give a general idea of the potential dust exposure. Measuremenis of th: al:
:,3;-‘2"\‘. g concentration of PVC dust a1 various sites of the bagging operations were reported as ¥ tu’
i ot ?

Jong ago as 1955 by Parmeggpiani and Sassi, In 1969 Broussard mentioned the possibil-

)
i

“.- $
243
74

2 3:irerompn il

ity of development of chronic bronchitis caused by the inhalation of PVC dust. The

— , we
:"*"“ﬂg;a' : insoluble and inactive dust particles were thought to accumulate in the lungs blocking oy
“olr ' alveolar spaces and being taken up by alveolas cells. This could lead to elimination of
L Iy f these cells via lymph vessels to regional lymph nodes, with either enlargement of the of
S avin , hilar region ot 3 micronodular aspect of intesstitial pulmonary fibrosis without hilar dy
:g»“ ) ) lymph aode enlargement but progressive respiratory insufficiency. er
S M g i zende 1 3l. (1970) reported the case of a 31-year-old worker who presented with
¥ =y ! severe dyspnoes; 3 chest x-ray examination revealed diffuse micronodular pulmonary of
lesions. He had been engaged for only 1 year in shovelling PVC powder at a processing de
: factory. Lung biopsy revealed moderate diffuse fibrosis and small focal granulomatous P
: letions contining ovoid or polygonal birefringent foreign material which could be
G § ! tluted by treatment with a known solvent of PVC. Microscopic examination of PVC P
Q= : dust particles collected at the patient’s place of work showed them to be morphologic- ’
A5 ally identical with the particles found in the patient's lungs. ™
L~ Another anecdoral case of paeumoconiosis after 23 years of employment in 3 PVC m:
K bagging area, with radiological evidence of diffuse micronodular infiltrates and granu- m;.
3 lomatous jesions found in a lung biopsy identical with those recorded by S:endeetal., e
) was published by Armaud et al. in 1978, Histology of open lung biopsies in 1 of 14 S
3.7 VCM-exposed British workers, who complained of breathjessness, revealed focal alveo- e “_
f lar wall thickening with macrophages in alveolar spaces and increased reticulin and col- v
x5 § lagen on electron microscopy (Darke 1976). Although chest x-ray appeasances were o
5 normal and routine respiratory function tests showed only slightly impaired CO; dif- "::
PR fusion in six individuals, perfusion and ventilation scans revealed strikingly abnormal !
FIYR pictures, including marked perfusion defects of upper lobes. Darke pownted out that oo
RSP some of the men worst affected had been engaged in the polymerization of ‘plastisol’, fes
! ,.w{;f a very fine PVC powder with particie size around 0.5 um. Pg
A Selikoff (1976) called attention to results obtained by Frongiz et al. (1974), who !
2 &,ﬁ@ﬁ observed significant histopathelogical changes in the lungs of guinea-pigs and rats ex- :“
Aﬁvﬁ?’g p posed for 27 months to inhalation of the airbome PVC dust in a PVC bagging area. at
REYS: ff;t{r_e; Letions began to appear at 2 months of exposure (alveolar histiocyte-macrophage re- Jo
QT P b B actions); they proved to be fairly marked after 4 months, with appearance of foreign ha.
body giant cells, and proceeded to development of large interstitial granulomatous h‘_’
focl. Vertkin and Mamontov (1970) who examined 96 workers engaged in the manu- ot
factute of articles made from FVC powdet, also found 3 considerable proportion of an
them were suffering from functional and morphelogical alterations of the broncho- ma
pulmonary system, which they ascribed to their exposure to PVC dust. They gquoted pk
results of earlier animal experimenta conducted in 1963 by Goloveryuk and later by o
Shiyakherskii These last authors had apparently shown that exposure of animals to ] ;
PVC dust may lead to the development of chronic pneumonia and eventually to 2 sort ‘\,IC
of mild fibrous of the lungs.
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VCM-exposed workers. This trend was found to be maintained after elimination of

13l
[
¢ Certain types of PVC dust (one of two sampies tested) were found to exhibit a
in the drying. strong hasmolytic potential due to the presence of an underermined but readily solu. Ay
1inKarseadr's ble surface-associated agent which was not VCM (Richards er al. 1975). These authors i
wnts of the also studied the effeet of the haemolytic samale of PVC dust on lung dsroblast cul. %
- reported a3 tures, but they did not obtain any significant results. -3
- the possibil- Contrary to easlier indications (Lange ex al, 19742) and Jespite continued efiorts st
" Just. The we {ailed to detect any significant restrictive changes of puimonary funcrion in the Ll
~p biocking overwhelming majority of patients we had oceasion to examine, 2
mination of It may be of interest to note that Malromi et al, (1974b) reported a high prevalence T
‘nent of the of pathologeal changes of respiratory epithelium (squamous metaplasia, squamous i
+hout hilas dysplasia, typical and atypical adenomatous proliferanon) in sputum sampies from ol
smployees of Jtalian VCM-PVC factories. A
resented with Nevertheless. conmary to the now weilestablished role of VCM in the production g
1 puimonary of nonmalignant lesions of bone, skin. small vessels, liver and sple=n. it is still open to -
' 3 processing debate precisely what imponance can be sscnbed to pulmonary changes withun the iy
-anulomatous spectrum of VCM-induced disease. e
zould be 8l
"::;‘;‘::;c_ 434 Genedc ETects of VCM -%’_
atin 3 BVC The discovery of the carcinogenic properties of VCM also stimulated interest in its :‘.';
< and granu- mutagenic potential. A number of studies have been carried out that demonstrated a e
Cende e1 .. mutagenic response to VOM or its metabolites in migrobial test systems. Point muta. Fadey &
nlofld tions due to base-pair substitution have been produced in various strains of Salmoneil ! ‘.‘_; .
© b inegl glveos ryphimurium by VCM in the presence of animal and human liver sucrosomes as a 5y3- s
win and eol- tem of metabolic activation (annug et al. 1973, 1976, Barrscir ot al. 19753, 1976: 22
FIoes were McCann et al, 1975; Malgreille et al. 1975 Garro et al. 1976). Mutssenicity of VCM Zi AN
a0 dif. metabolites was also demonsi-azed in yeast strains (Loprieno et al. 1976, 1977, Shajiin S
emal 1976) and in marmmalian cel : '{fuberman et al. 1975). In comparison 10 nonexposed 3
oot that controls, a sgnificandy highe. incidence of chromosomal abarmanons (fragmentation, = .
4 ‘plastisol". rearrangernent) in lymphocytes of workers occupationally exposed to VEM was re. 54
ported by Ducarman et al. (1975), Funes-Crevioro et al. (1975), Auwchese et al. (1975, 7 g
i+ 14), who 1976), and Fomenko et al. (1976). Fleig and Thiess (1974) had faided 1o demonstrate S
md 3t ex- an increased rate of chromosomal aberrations in six chemical engineers and four PVC Ty
+qging area. fabrication workers. As to the influence on germ cells, Purchase et al. seported that no il
rophage re- dominant lethal effects were seen in fetuses of female mice mated with males which x
- of foreign had been exposad to 3000, 10 000 and 30 000 ppm VCM fot § consecutive davs, This, .!:
Wmatous however, does not absolutely exclude genetic effects on human gonads. The outcome z
+ the manu. of pregnancy among wives of VCM-polymerization workers as against wives of rubber s ¥
worien of and PVCfabrication workers (/nfanre et al. 1976a, b) and rates of congenital malfor- 134
broncho. mation per 1000 resident live births in thres Ohio communities with PVC production £
ey quoted plants have also been studied (Jnfanre 1976). )
6 later by As part of a larger survey of workers® health, interview questionnaires (/nfanze .48
nimals to 19764, b) showed that after paternal age adjustment a significantly higher incidence ns
~~ily 10 2 sort of fetal moruality subsequent to paternal exposure was recorded among the wives of EN
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pregnancies in women who had more than two abortions. The findings of this study
rased the question of possible genetic risks of VCM to man and led to the suggestion
that germ-cell damage in the father through direct VCM exposure might be 3 possible
explanation.

No clear<cut linkage of PVC production and increased occurrence of congemtal
maiformations (primarily CNS malformations) emerged from preliminary studies in
three Ohio communiries with PVC production plants. But the need for further study
of possible contributary factors was indicated (/nfanec 1976). In fact, none »f the par-
ents of affected children in Painsville, one of the thres Ohio communites, had ever
worked at either of the two PVC polymerization plants in Painsville or lived within
two miles of these planu (Edmonds e1 al. 1975).

$ Conclusion and Qutlook

The combined efforts of multiple disciplines have been necessary’ 1o arrive at tne ful]
recognition of the range of pathology assosisted with occupational exposure to vinyl
chloride. [t can only be hoped that the lesson from the vinyl chloride problem may
help to bring about an increased awareness of the risks and hazards which are inevitably
the consequence of an ever<xpanding technology.

The importance of this lesson lies in its exemplary nature. A single substance of
rather simple chemical structure, which was long held to be a comparatively safe com-
pound.even by experts, turned out after all to be a carcinogen with a very long latency
penod for those who wete heavily exposed to it. But its carcinogenic propetties would
most probably still have gone unnoticed if the resulting malignancy had been any can.
cer other than of an exceptionally rare type. Animal expenments in the early days
later proved 1o have been broken off before the oncogenicity of this chemical com-
pound could have been detected. -

The lesson to be learned is that in future any new chemical which is to be widely
introduced into the environment should be scrutinized closely, for a sufficient length
of time, and with the 3id of all available methods for the detection of potential ¢ar.
cinogenic effects. In addition, we should keep in mind that in industrial surtoundings
we almost never deal with a single compound, but with a very complex occupational
environment whose carcinogenic potenual s still a completely unresolved problem.

If currendy adopted guidelines for industrial hygiene are strictly sdhered to, there
is reason to hope that initiation of new cases of VCM-induced angiosarcoms of the
liver can be effectively prevented. Unfortunately, however, it ¢an be expected that in
view of the long latency period for tumour promotion additional cases will appear dur-
ing the next decade.

Considering the everdincreasing complexity of environmental influences, future re-
search will be faced with almost insurmountable obstacles in its endeavour to establish
safe’ levels for potentially hazardous chemicals. Promising areas for further studies in
the field of vinyl chloride and allied compounds may be the problem of the interaction
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between pregomtinantdy hepatocytic metabolizm and oncogenic effect on mesenchymal
tissie such as vascular endothelium. and aiso the question of whether intermittent

short exposures at high concentrations or continuous exposure 3t 2 low coneentration

will carry the greater risk. .
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