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Yinyl Chloride-Associated Disease
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- the conclusion that Vi.
. cancer meeting in Hous
1 Introduction 10 VCM was a very sen

. It should be stresse.

The history of vinyl chloride-associated disease, its recognition and prophylaxis is a P","']" '_"‘J’“"""'d""
classic example of shutting the stable door after the horse has bolted. It should help to mainly in the mammal

emphasize the need to shift our attention to preventing exposure {rom occurring rather ""“"f““ products (P*
than to reparative measures. In view of the large number of new and potentially hazard- ::"d rom the polyme:
ous chemicals introduced each year into the workplace and the environment, this ac. ?\:é ‘&“‘:ﬂ"ﬂmlﬂ'd
count should again alert us to the necessity of pretesting chemicals adequately for o _(t ¢ T d?“’f"PO
: their potential health effects, even at the risk that technological progress will develop ! ’93; y of pyrolysis pr.
' at 3 more modest rate. :‘l;m )l'gdéu;to the relea:
3 Large scale production of the synthetic resin polyvinyl chloride (PVC), a thermo- - :‘; Y ".D) ;;LT: rt;
. plastic material suitable for the most widely diversified industrial use, was begun © Mmy" :IY 1971 cie

around 1930 in the United States and in Germany. The monomet, vinyl chloride
(VCM), a rather stmple aliphatic compound, was believed until the early 1960s to0 be
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one of the lexst harmiul chorinated hydrocarbons. Early amimal experiments. as it
Later tumed out. had indeed been camried out with dosages sufficiendy high for the
evaluation of acute effects, but chronic exposure had not been of sufficient duratior:
to reveal is sarcinogenic properties. On purely theoretical grounds. however, one
might have continued to feel uneasy with this compound as 3 pollutan: of the work-
place. considering that it is (1) a halogenated hydrocarbon which (2) exists in its
varour phase under ambient cond.uons (inhalauve exposure) and (3) contains a highly

_ reactive double-bond.

Today vinyl chiorideassociated pathology is well documented. A large body of in-
formation and data on this topic has been accumulated, notably since 1974, but pre-
cisely a quarter of & century had 10 pass before the full range of sympipmatology at-
tnbutable to this new occupational hesith hazard became recognized is January 1974
with the shocking discovery that haemangiosarcoma of the liver occurred in produc-
tion workers heavily exposed to PVC, Early and not sasily aceessible repors suggest-
ing that the monomer mught be an environmental risk for workers handling this com-
pound did not alery the experts sufficiently. The earliest indication of sdverse effecus
in workers engaged in the production and processing of PVC, a Rusian study pub-
lished in 1949 (Tribukh et 8. 1949), received little attention.

Ulumately, it was the exceptonal characrer of the three major lesions which oc-
curred in workers exposed to VCM that contributed most to ths final apprecuaton of
a causal relationship: (1) the syndrome of acroosteolysiz, Raynaud’s phenomenon and
pscudosleroderma. (2) non<irrhotic portal hypentension; and (3) angiossrcoma of the
Liver. Panticularly, the discovery of a cluster of four cxses of this extremely rare malig-
nancy among a comparatively small group of workers (Creech st al. 1974a) was an
alarming experience which called for immediate action. It ¢an eacly be imapined that
3 connection between VO and the more cormmon malignancies, such a3 cancer of the
lung or the gastrointestinal tract, sughi sull have gone unnonced. On the other hand,
the prolonged latency periods of both non<irthotic portal hypertension and angio-
sarcoma of the liver, roughly 10 and 20 years respectively, delayed the recognition of
these two fatal conssquences of chronic exposure to VCAL. But one can hardly etcape
the conclusion that Viols's discovery of cancer in experimental animals, presented at a
cancer meeting in Houston in 1970, was sufficient endence 1o indicate that exposure
to VCM w & very serious ocrupsonal hazard (Pezers 1976).

It should be stremed that the noxious agent is siely the monomer, of to be more
precise. an intermediate of the monomer's metbolic bioactiviation, which takes place
‘mainly in the mammalian liver and yields certain highly reactive epoxides. The poly-
merization produets (PVC), i thesolid plastic and the plastic consumsr goods fabri.
cated {rom the polymer, ars chemically inert articles which carry po health risk unless
they contain unreacted retidual monomer. Even the combustion of articies made {rom
PVC (thermal decompasition in fires) does nor yield free vinyl chloride moncd@ier; the
toxicity of pyrolysis produsts of polyvinyl chloride polymen and formidations is
muirily due o the felesse of hiydrochloric acid and carbon monoxide (Coma and
Abar 1969:Dver and Esch 1976;Sorenson 1976 Moser 1976 Colardyn et al. 1976)
and enly very smail or Ao quantities ol hoigene derived from mesidual monomer

(O Maru et al. 1971 cited by Colardyn st al. 1976). -
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Y Technological Details

2.1 Vinyl Chloride Monomer (VM)

At standard (ambient) conditions of temperature and pressure, viny! chloride (CH =
CHCl: chioroethylene, chloroethene) is 3 non-itritating, eolouriess gas with 2 faintly
sweet odour. inflammable at concentrations above 3.8% by volume i air, which 18
only shyhdy soluble in water, soluble in ethyl alcohol and easily soluble in ether and
carbon tetrachioride. VCM is mainly used 2t an intermediate in the manufacture of
plastics, as a refrigerant and in organic synthesis. It was formerly also employed as 3
propeliant for aeroscles. It is easily liquelied under pressure and is usually handled and
shipped as a liquid. Gaseous VCM condenses at ~13.8°C and 760 Torr (= 101.3 kPa)
to 2 colouriess 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 gra:-
ity (gaseous VCM is 2.15 times heavier than air), its low solubility in water and the
halfife in air, ranging from 3 to 20 h.

Table 1. Phyical properties of VCM

Mol. w1., .503

B.p: - ‘=138 C(-!J7to-339l

F.p. -153. '7 C

Flash point- «78.5°C (Cleveland open cup)

Limits ot flammability: 3.87-29.3% by volume in ar above ~78.5"C
(= 38 000-~293 000 ppm)

Autoignition temperature: 472°C

Yapour pressuse: mm Hg 10 100 692 2300 2660
*c «37.5 «558 -158 +20 .28

Vapour density: 2.15 gAlitre (salculated a1 25°C and 760 mmiig

- (gir= 1)

Sp. gr. of liquid VCM: 09121 at ~20°C/4°C
099 at -25°C/a°C

Sources: Fawrhall 1957, Insh 1963, 2app 1964, Lefaux 1906 Ostermaver 1907 .
Roubal 1972,

2.1.1 History

The French chemist, Regnaulr (1835) was apparently the first to study systematically
the synthesis and analysis of vinyl chloride. Liedig, who had done some earlier prelim-
inary experiments, encouraged Regriqulr to investigate this compound when Regnaulr
spent several months in Liedig's laboratonies. All compounds containing the vinyl
group (CH; *CH-) polymerize readily (Fairhall 1957). Spontantous polymerization of
vinyl chlonide to a white opaque solid mass under the influence of sunlight was first
described by Beurnann in 1872; he also quotes a paper by Sayrser and Glinsky (who
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succeeded in decomposing vinyl chlunde to munuchloroaidehyde with the 21d of eud-
izng substances such a5 hy pochiorous acid.

=)= Production of VCM

1 chionde (CH: = ¢
a8 with 3 fandy Large-scaie commercial synthesis of VOM wath 3 high yieia was made possikle much later
-~ m air, which i by empicyving two principle methods, the sezond having now largely replaced the tirst:

Japlz in ether and
- manufiacture of 1) Convernon of acetylens to VO3 by hydrochlotination:

5o emploved a5 2
wsually handled and CHaCH + HCl = CH, =CHC1 (catatvm: HgCl. on charcoat) (usmin 1974)
forr (= 101.3 KP2)
~roperties are listed =) Conwersion of ethylene dy vapour-phase or liguid-phase oxychiorination 1o 1.2di-
s high speaific grav- chloroethane and subsequent pyrolyns (thermal cracking) 1o VCM (Albrgir 196°3):
 watet 3nd the ' CH,CH; *2HO +1/20, = CH.Cl-CH,Cl+H,0;
H - ]
| CHCl—cH, 1 230 C=510C | oy wencr o 0O
. PUTUCE CALUVST  (nyrolyns: thermal sracking, Austn 1974).
VCM was usually manufactured in closed systems and stored in outdoor jasilities.
Thus. any leakage of the gas was readily diluted in the ambient 2ie. VCM concentra.
tions in the atmosphere at some distance from manufacruring plants were found to be
e =78.8°C in the range 1=2 ppm. In élose proumity, the concentranon ranged up to 50 ppm
. (IARC 1974). Spontaneous polymenzauon in light has also been repeatedly observed
) when VCM comes into contact with atmosphenc air Jue to container leakage (Oszer
. ) muayer 1967). A prerequisite for the polymerization process is 3 high degres of punrty
w2300 o660 ' in commercially produced VCM. Impurites retard the polymerization process (Lefaux (
A 20 *25 ! 1966; Osrermarer 1967).
- [n the eatly discussion sbout the cause of vinyl chlosde associated diseass it wa
+.d 760 mmHs conjectured that other compounds of impurities contained in prepolymenzation or in
retrieved VOM might have been the causative agent(s) (Thicss and Fersen 1973), Anal-
y323 carried out by six West German manufacturens of PVC, however, showed that the
sum of all impunues (such as saturated or ynxaturated hydrocarbons and ther halo-
crmayer 1967: genates) was 0.01% by volume for prepolymerization VOM and 0.1% for retricved un-

reacted monomer. Only methyl chioride was found in concentrations of 50300 ppm
in prepolymerization 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 mund
that even 1000 ppmm methy! chioride in VCM would mean, at $00 ppm VCM in air, a
mathy! chloride concenmadon in air of only 0.5 ppm. All other impurices (propylene,
fsobutane, a-butane etc.) woukd then be in the ppb range. Besides, no significant difl
ference in purity could be found berween VOM from acerylene and from ethylene.
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223 Production of Polyvinyl Chloride (PVC)
221 Technology of Polymerization

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

Vinyl chloride monomer is polymerized in large autoclaves (reactors) at tempen-
tures between 40°C and 80°C and pressures of 6-16 (8-12) atmospheres. Th-rc are
usually several reactors (up to 10=-30) located in one building. The reactivity of the
monomer is & function of its doublebond. The second functional site of the vinyl
chloride 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 eascinogeniciry of this compound when it is being metabolized in the
body. The polymerization of VCM, which is a strongly exothermic reaction (Barmes
1976), is initiated with the aid of comnpounds soluble in VCM that form free radizals at
relatively low temperatures. Initiators are such compounds as lauroyl peroxide, isopro-
pyl percarbonate, azo-bis-isobutyronitride, and others. The free radicals react with the
double bond of the monomer, transforming it in tum into a free radical and thus prop-
agating the growth of a chain of molecules with a terminal free radical. Chain growth is
interrupted by saturation of the terminal free radical which often involves a reaction
between two growing chains (Malten and Zielhuis 1963, Lefoux 1966; Albnght 1967
a—cDomininghaus 1972; Slarer 1972). 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 stausticaily
distributed around 3 mean value,

Commercial PVC polymen have average molecular weights that vary from about

Vinyl Chloride-*
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222 Methods

Four differentn
PVC (Frey 1973

50 000 to 150 000 daltons (Albnght 1967b). Degree and velocity of polymenzation, Suspension Polx
which are 1nflyenced by tamperature and the concentration of initiators. determine which monomer
the specif - type of PVC produced (Frey 1973). During polymerizarion considerable (such as polyvin
s amounts «.{ the monomer are at first dissolved in the polymer, but most of this is later conjuction with '
“‘ i also transformed to PVC a3 polymerization progresses. The polymer which is not sal- this method wh:.
£ --§ uble in the liquid monomer precipitates out. The process of polymerization slows .
; down towards the end of the reaction. It is terminated, depending on the method used, Emulsion ’ olym
¢ & when approximately 80%=90% of VCM is polymerized. The timing of this ternuna- was added in the
X tion of the process is essential for the physical properties of the resins produced. The except that large
*§ heat generated during the exothermic process of polymerization must be removed to are 'd,‘:_'d' Emul:
A keep the temperature of the reaction under control. Mechanical agitation aids in trans- emulsifiers cann.
R ferring the heat across the colloidal system to the cooling jacket of the reactor. During Bulk (Mass) Poly
.~',." the process of polymerization certain quantities of the polymer adhere to the walls of the additon of o
¥ ' the reactor and form a dowly thickening continuous film or crust. This polymer erust The first reactor
34 on the inner surface of the reactot vessel, which contains cavities filled with unreacted second one is ux
a1 monomer, impedes the conductance of heat; it has, therefore, to be cleaned away after solid state, to ess
b f termination of the batch process (Bames 1976). reaches & level of
10k 4 After compietion of the polymerization process, the slurry is reieased from the re- characterized by
.t actor into a dump tank. Residual unreacted vinyl chioride monomer is partly solvated good optical clar
p _;f in the polymer (about 10%); the remainder is dispersed in the water phase or is present
ot
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in the vapour phase above the slurry. While a batch is mn the dump tank. this unrescred
VC monomer is retrieved by pumnping it ofT into a VCM storage tank. Retneved VO
i then puritied by subsequen: distiilauon for recyeling purposes, Mlonomer solvated
the finished polymer cannot sasily be extracted singe it has a monﬁmmw for PVC
and must diffuse through the particles: this diffusion depends on time and temperature.
Raw PVT reun, therefore, still contains senn quanuties of unreacted monomer
(VKE 1975). Bornes (1976) eportes that the polymer m the slurry still contans ap-
proxamately $00 ppm of vinyi chionde.

The slurry from the dump tank 1s pumped into 2 storage tank (blend tank) which is
large enough to hold several batches of the produst. The contenws of the biend tank
are then pumped into 3 centsifuge whizh separates the wet solids from the wates. The
wet polymer, a granular mass, is dried either in rotating tubular dryers or by spry-

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

menzauon, ywiding a polymer which is similar to a very fine white flour. These very
fine solid particles are fod directly into a spray«drying eolumn without dewatering. The
drying temperature should not exceed 60°C to prevent thermal decomposition of the
polymer. A cyclon separator at the exit end of the dryers removes coarset parucles,
The solid polymer particies are then sized by multipledayer screens, air<onveyed to
storage bins or silos and finally packaged for shipment (A brgir 1967d). The resultant
dried powder contains about 50 ppm of monomer (Bames 1976).

222 Methods of Polymerization

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

Suspension Polyvmerizanon. Polymerization is carried out in an aqueous system in
whach monomer droplers are maintined in suspenson by means of protectve colloids:
(such as polyvinyl aleohol, gelatin, substituted celluloses) under heat and pressure in
conjuction with brisk agitation. Relarively large polymer particies can be obuained by
this method which ‘dry blend’ well.

Emulsion Polymerizaiion is the oldest technique, to which suspension polymerizauon
was 3dded in the 1950s. The proces is similar to that in suspension poiymerization,
except that large amounts of emulsifying agenss (such as soaps or other surfactant)
are added. Emuision polymerization yields resing of a very small particle size. The
emulsifiens cannot be compietely removed.

Bulk (Mass) Polvmerizarion. In this process VCM is polymerized in two stages without
the additon of other liquids. The two rvactors are operated batch-wise and in series.
The first reactor (a ‘prepolymerizer’) provides for the initial liquid phase, while the
second one s umd for agitating the slurry, which i transformed, through a sticky
solid state. to exsendally dry particles untl the convenion from monoroer to polymer
reaches & level of about 75%-30%. The resins obtained by bulk polymerization are
characterized by high purity and particle uniformity, resuiting in an end-product of
good optical clarity.
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Sotution Polymerization. This type of precipitation polymenzation is carried out in

organic solvents such as n-butane or cyclohexane. It accounts for only a small percent- \

age of the total amount of all PVC resins produced and it is uscd for the production of
copolymers. Copulymern are mixtures of comonomers (such as vinyl acewaie, vinyl.

stearate, vinylidene chioride, propylene, aerylonitrile etc.) and viny! chioride. The co-
monomers tend to improve flexibility and limited solubility of the product in solvents
and exert an influence on the temnperatures required for compounding.

223 Compounding

As a next step, depending on the end use, the dried polymer, » whitish powdery or
granular product, is then compounded (or dry bicaded) under pressure at fusion tem-
perature with the aid of plasticizers (mainly phthalate or other organic esters) and light
and heat stabilizers (heavy metal salts, organotin compounds. and other stabilizers).
Lubricanws or dyes ean be added. Plasticizers are added for the production of flexibie
PVC.rigid PVC contains little or no plasticizer. These additives can also be 3 source of
toxicity . The plasticizers may slowly diffuse out of the final product depending on its
compatibility. Lead-containing stabilizers mayv also pollute the working atmosphere
(Smolcic 1966 Tola 1975). Compounding is carried out by hot mixing at fusion tem.
peratures below or within the softening range (120°C~160°C). Diversified compound-
ing and processing technologies were developed about 1850.

The compounded polymers are used for the production of diverse end-products.
The final conversion of the thermoplastic PVC resins into consumer end-products is
accomplished by such procedures as extruding, calendering, injection or compression
mouiding, blow moulding, dipping (coating) and hot spraying. Temperatures used in
these processes range {rom 100°C to 300°C. End-products include a vast number of
articles uscd in almost every spherc of daily life. The temperatures during the fabricu-
tivn operatons (compounding and conversion of compound polymer into consumer
articles) drive off part of the small concentrations of residual monomer still contamed
in the polymer, Bares (1976) caleulated that the final fabricated articles contained
approximately S ppm VCM and those for foodstuiT packaging (bortics. films. foils)
even Jess.

224 Sources of Exposure 10 VCM in PVC Production

Both polvmerization of VCM and subsequent procemsing (centrifuging. drying. screen-
ing, bagging) are usually carned out in closed buildings. Exceptions can be found in
hot clitnates (Aryanpur 1977), Polymerization is of necessity 3 batch process that re-
quires 3 large number of single operations. Therefore, valves, gaskets, shaftopenings
and control gear are subject to heavy wear and thus to Jeakage. Other sourses of poliu.
tion of the working atmosphere are exchange of parts and repair jobs. The degree of
pollution also depends to a large extent on the quality and effectivity of monutoring
equipment and special exhaust systems. Opening of autociave vats for cleaning and
contrul purposes resulted in larger spill-over of the tank atmosphere into the work en.
vironment. Numerous repons of workens with prenaseotic symptoms (dizziness cte.)
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permit the conclusion that episodes of acute vverexposure to VCM were not rare events
in the past. d

There is no doubt. howewer, that those workers who manually cieaned the auto-
clave vats b scraping away or ghigpng off the “poly mer skin® funned on the reactor
walls (*pols sicaners’), and who in the past had 10 spend several hours inuide the reac-
tors. haJ been exposed 1o the highes: soncentrations of VOM. Although the vats were
Jdegassed prior 10 entry, unreactes monomer remamned trapped n the polymer skin,
and larger amounts of VUM were released when cavines formed in the polymer crust
were opentd by chappung. The later introducuon of automanc sleaning systems reduc.
«d the {requency of entry 1o the rvactons, but some manual cleaning of shorter dura.
tion sull had to be done after every 20th=30th zun. It is, thesefote, plausible that. pn.
marily, the most severe adverse sfTects of exposure to VCM were fully recognized in
those workers who had been empiloved in this job category. But the subsequant steps
(centrifuging, drying, screening) also involve the releass of some of the lemser quanti-
ties of unreacted reudusl monomer from the paricles 1o pollute the environment if
ventilauon, notably of the drying facilities, is inadequate. Finished polymer, mady for
shipment or subsequent compounding. still conrains small quantities of unreacted mo-
nomer, which either slowly diffuse out and pollute the bagging areas during storage or
are driven out by the high temperatures necesary for compounding.

Tabie 2. Conversion tabls for concentration of VC)M in ambient air

-y
Mol. wt.

Ippm® T000% Seas melitre

2445 x | 000
S

I mg pez litre » oL w1, ppm
\Parry 1958)
1 mg/litre » 391 ppm
Imgm® = 0.3%1 ppm

lppm = 2Sqmeg/m? @ 0.00256 mplitre
1 w0000 ppm = 256 mglitre

225 The Explosion Hazard

In the past only the explosion and fire hazard of VCM was thought to be the domi-
nant monitoring problem in handling gaseous viny! chloride (/s 1963), This hazard
covers 3 concznuation range of 4%=22% by volume of air (40 000~220 000 ppm)
(Lefmix 1966). It was observed that VOM, being 2.15 times heavier than 2ir. may eol-
lect 23 » compact layer at the floor of a polymenzation building afier spill-over from
opened tanks and may catch fire. At jeast two instances of diszstrous VCM explosions
became known: In 1964, a large plant for the polymenzation of VCM in the United
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VCM was once even considered for use as an anaesthetic agent. In 1929, Schmidt and
Schaumenn speculated about using VCM at 3 supplementary narcotic at concentra.
tions of 3%-~5% (v/v) (= 30 000~50 000 ppm) in combined nitrogen oxide oxygen

£ A ",‘ - Ab
rh'{:‘\!! ",. "'
::*VSA;.F.[" ‘. F’ ,.‘l%,

- :;: ‘ 10 . W.K. Lelbach and HJ. Marsteller Viny} Chloti.
i States was almost completcly destroyed when VCM escaping from 3 leak detonated Table 3. Odv:
(Albrighr 19672). Another explosion in one oi the two Rumanian factories operating —————
v at that time was mentioned by Suciu ¢t al. (1975). Monitoring of VCM concentrations Lower lismat

e ¥ polluting the work environment was then directed largely towards prevenung VCA m
% ‘::'h from reaching the ﬂzmmabnlity limit. §00~ S o
Xy 41C
-1 226 The Odout Threshold 3 g‘o
. § 400-50:
¥ Unfortunately, gaseous VCM has no irritating or unpleasant waming propertics. Its 40
b3 mild odour is described as faintly pleasant, sweet or ethereal. Some of the PVC 40
< workers we interviewed reported that they had even enjoyed ‘sniffing the gas', which
- soon resulied in a feeling of light-headedness. For the early days of PVC production, )
¢ when appropriately sensitive monitoring equipment was not yet available, workers' re- anaesthesia be
p ports about perception of the odour of VCM can be taken as circumstantial evidence tc and lethal .
7 for a rough estimate of the actual degree of exposure. It should be kept in mind, how. OXygen. conce
I ever, that in chemical production units the presence of other odoriferous chemicals however, that
: and the possibility of olfactory fatigue, as well as different levels of individual sensitiv- cluded. In to:
I ity, may render it very difficult 1o determine the factual odour threshold of a certain 10% VCM to i
3 gaseous substance unless it possesses irtitating waming properties. several hous 1
¥ In 1929, Schmidt and Schaumann declared that the faintly sweet gas is practically “’.“““'“;"’ U
g odourless at concentrations of $%—10% by volume. Felrman and Lange (19773, b) ';3"“ dout).
LS assumed an odour threshold of § 000—10 000 ppm. Volunteers exposed to VCM "f "2‘:":(’)‘\
f—_ detected a slight odour at 4 100 ppm; a distinct odour was noted at 6 600 ppm for gmo ( al o
f 30 min and this was accompanied by subjective symptoms of dizZiness and sleepiness ster £t 10
R (/nsh 1963). Gelning et al. (1979) recently mentioned a threshold of approximately e:.rdx:to:ucm
o f 3500 ppm. Others have claimed that a concentranon of 400--500 ppm is the Jower l?k‘:o ;?‘:;c
4 limit for detection of VCM by its odour (Barerra et al. 1969; Cook et al. 1971 Marko- : ; h c
3 wirz et al. 1972; Lefévre 1975, cited by Hublet 1975). Barerra et al. (1969) conducted ﬁ"" ( for e
b experiments with concentrations of 50, 250 and 500 ppm in an exposure chamber, in past for a:
yg t which 13 volunteers participated. At 500 ppm only some of them claimed that they
e - 3 were able to detect the odour, but this was inconstant. Table 3 shows that difTerences =B Effects
Py e between the various estimates are 3t least one order of magnitude. The elose proximity
‘ between the percepuion of the odour of VCM and incipient CNS symptoms as reported Some individu
by Insi (1963), however, makes it likely that the sactual odour threshold can be as- listed in Table
sumed at or above 4000 ppm. without acute
In contrast to VCM, the cornonomer vinyl acetate, for instance . has distinct wam. sympt ms sucl
ing properties and can be detected by its odour at 3 level 23 low 23 0.4 ppm; eye and adequate wam
throat imtation begin upward of § ppm and are noted by all test subjects at a eoncen- exposure to hig
tration of 21.6 ppm (Deese and Joyner 1969). A 2lyesrold,
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Table 3. Odour threshoid

Lower limit of detecton Author
£ 000~10 000 ppm Veltman and Lenge 19773 b
£ 000 ppm Violal 974
4 100 2#m Irisi 1963
300 ppm Gehrnget i 1979
300 ppm Barertz 27 20 1969
400500 ppm Lerdvre 1978 (cated by Hubdier {975
400 ppm Cook eral. 1971
400 ppm AMarkowirs et al. 1972

anaesthesia because of its potent narcotic action and the wide margin berween narco-
iic and lsthal concentrations. In animals it produced ansssthesia at T5e~10% in air or
oxygen: concentrations sbove ] 2% proved to be dangrerows. The suthors pointad out,
however, that adverse Iate effects of this halogenated hydrocarbon could not be ex-
cluded. In toxicity studies with guinea pigs Perzy ot al, (1930) found concentratons of
10% VCM 1o be lethal within 3060 min, $% to swuse marked narcosis, and 0.5% for
several hours to be the maximum tolerable exposure withour serious effects. They also
cormmented upen the potential usm of VCM for surgical anassthesia but were undeter-
mined about its practicability. [n mice, the minimal ansesthetic range was found to be
3.5-5 mmol (85 000-122 000 ppm) for 10 min, the sunimal lethal range 10-12
mmol (244 000-293 000 ppm) (Peopics and Leake 1933). It was ot until 1947 that
Oster e1 al.. in contrast to Schqumann's earlier asumption (1934) of a relatively low
cardiotoxicity, wamed against the use of VCM as a potential general anaesthene in
man because of serious cardiag irregulantes and ECG changes observed w dogs. VOM,
like other halogenated hydrocarbons, senutizes the heart to the effect of catechol-
wmines ([mish 1963). We could not ascerain whether VCM has actually besn used in
the past for anaenthetia in man.

o283 Effect of Acute Overexposure in Man

Some individual responses of volunteers to increasing coneentrations of VCM are

listed in Table 4. Lesrer ot al. concluded in 1963 that the maximum conesntration
without acute effects in man Lies berwesn 8 000 and 12 000 ppm for 5 min, and that
symptroms such as dirziness, light-headedness and disorientation shouid be taken as
adequate warning signs for imminent acute danger. Two fatalities after occupational
expasure to high concentrations of VCM are reported in the literature (Danziger 1960),
A 2l.yearold autoclave cleaner at a Canadian polymerization plant wes found dead

10 min after entry a1 the bottom of a probably insufliciently ventilated reactor tank
which had been declared safe solely after an explosiometer test, Heart failure cells and
cardiac enlargement found at autopsy, however, implied that the cause of death might
have bren scute funcrional disturbance in pre-existing heart disease. In the secoad case
which otzurred at the sarme plant, howsver, circumstantial evidence apparently left no
doubt that heavy VCM exposure was the cause of desth in g 39-verr-old worker, He was
found dead within 20 min, lying in a pit Acar the opened valve of 3 recyeling pipeline
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Table 4. Individual respunws of volunteers to incneasing concentrations of VOM

Comnventration Dunationof Sympiloms Reference
eYposure

500 ppm 75h (Inconstant oduur detection) Burersa et 3l
mild headache. drynecss of 1969
eyes and throatin 2 of 7 subeucic)

“4 000 ppm - Genenlly accepted odour drigii V19034
threshold

6 600 ppm 30 min (Distinct odour) Iruh (1961)
dizziness. sleepiness

8 000 ppm 2 of 6 subjects slightly heady”

12 000 ppm 1 of 6 subjects had reeling.

swimming head, ‘just Lke
5 mind (twice on  getting gas’ Lesrer et al.

16 000 ppm § each of 3 succes- § of 6 subjects, various degrees (1963)
sive days) of intoxication
All 6 subjects had more intense
‘symptoms of acute intoxKalion

than at 16 000 ppm

20000 ppm

2 eaperimenten: Parry eral.
dizziness, disonentation, (1963)
burming sensation in the soles )

of the feet

25 000 ppm 3 min

T

3 Exposure 10 six different concentrations: 0 ppin: 4 000 ppm: 8 000 ppmi: 12 000
ppm: 16 000 ppm: 20 000 ppm

through which non-polymerized residual VCM was pumped back into 2 reserve tank:
another man coming 10 his rescue was himself overcome by the gas and only just
escaped.

Two non.fatal cases of VCM gassing were reported in Great Britain in 1951 (Sperras
et al. 1975). A maintenance worker experienced acute narcosis whie repairing a3 VCM
leak, and » worker cleaning a polymerization vat from outside with 3 water jet sudden.
ly collapsed acrom the open manhole. Subsequenty 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, VCMdinduced narcosis, at least on one occasion in
the past, had occurred in 46 of 58 workens (797%) referred for medical surveillance
from one British PVC-producing plant (Wand et al. 1976), with 3 1007 incidence of
narcosis in 28 symptomatic 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 Rery st al. (1973),
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229 Moniroring VCM Concentrarions in Working Aseas

During the first two Jecades of PVC production (1930-1950) no publication contam-
ed dzta on VOM concentrations in the wnrking enwronstent. The mzin interest then
was directed towards prevention of the explosion hazard. In 1957, the observanion of
an apparently toxic angioneurosis in Russian PV'C production workers (Simrora
1053 Pleshehiirser ey ab., cited in Filarove and Gronsbery 1957 indnesd Frlarorg and
Grousberg to investigate environmental VO concentrations in vanous parts of 3
Russian polymenzation plant in Gor'kij. Aithough most readings were in the range of
0.05-0.08 mglitre (= 20-313 ppm), ¢ 4. below the maximum permitzed VOM con-
centration of | mg/litre (approxumately 400 ppm) as specafied by the State Sanitary
Inspectorate at that time, escapes of VCM ia the reactor areas from Jesectve fitnngs
or from the discharge of operating autoclaves resulted in excurnons up (0 29 5wal] 3
my/litre (= 11 500-16 200 ppm) ior penods of =10 min. One peak reading of 873
mylitre (= 34 000 ppm) was recorded.
In the centnfuging and drying area of this plant the VCM content of the ambient
arr ranged from 4 ppm to 3 100 ppm with most readings berween 20 ppm and 195
ppm, which was attributed to release of residual VCM frora wet PVC resin and poor
ventiiauon. The screening and bagging area was chancterized by high dust concen-
trations. sometimes exceeding the official upper limits set for non<oxic dusts. In the
pursuit of improving industrial hypene, the installation of madem ventilation equip-
ment in the vicinity of the autoclaves, substitution of hand-operated by sem-sutomat-
« drving facilitzes, and avoidance of leakages suceeeded in reqducing the ambient con-
centrations of VOM to below 0.05 mg/litre (» 20 ppm), but toxic angioneurons still
continued to be diagnosed. This led the authers to recommend that the maximum per-
mutted concentrztion of VOM showld be reconsidered. :
In 3 plant producing VOM, Filaro+s et al. (1958) found lower concentrations in
the range of 0.04—1.1 mg/itre (16=-130 ppm), with maxamum values of about 1200
prm (293 mglitre), the latter havir:; been observed in close proximuty to the recuf-
ication apparatuses and having resuli.u from spillage during sampie collecuon. It is
rernarkable that up to now the Soviet Union has reponted no cases of angiosarcoma of
the liver, although production of PVC resins started sarly and VO exposures in the
past have probably been in the same range as those observed in Westemn countries.
Byrén et al, (1976) pointed out that during the 19505 episodes of unconscipusmess
which occurred among workens of the one Swedish plant opersting at that time indi-
cated peak exposures of at least 10 000=15 000 ppm. Sucis et al. (1975) noted that
berween 1962 and 1972 a reduction of the average VCM concentration in the two
Rumanian PVC plants had been achieved from 2298 mg/m? (= 900 ppm) in 1962 to
about 120 mg/m? (= 50 ppm) in 1965=1972, In 1969, Angh:elescu ¢t al. mentioned
exposures to VOM concentrations of 112545 mg/m? (44213 ppm) for a group of
300 Rumanian workers, eight of whom (2.7%) had Raynsud’s phenomenon. At a
Greck plant which started operation in 1967, certain stages in the production procens
resulted in high concentrations of VOM in the work environment for brisf periods
(Gitsios 1971). In air displaced from resctars during addition of water and on opening
of the reactors to obtain PVC samples at tive end of 3 action cyele, concentrations of
up to 10 000 ppm were found. Ir open wane drums into which waste polymer scraped
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A~ away from reactor walls during cleaning was placed, concentrations of up to €00 ppm than <
R e were measured, ppm).
Aok In the report of a World Health Organization ('WHO) working group on vinyl chlor- plants
- Y o ide (JARC 1973) it was stated that in a reactor of 15 m? (production of 45 tons of sampl.
= neh PVC per cycle) a crust of 4 kg PVC containing 3%--$% VCM can be formed on the ¢  Esum:
.g«'-"—u inner surface. During the cleaning procedure 307%=50%% of this VCM content is libes- more ¢
:'ﬁé‘ his sted. It was calculated that the probable concentration of VCM within the reactor avenag.
gtk after a 1-h cleaning operation was about 2700 ppm, but that it could Le reduced to
NG {1 e ¥ 90 ppm by 30 renewals of air per hour. In the past a polycleaner used 10 spend 3=5 h/ Tabie :
£ A day inside the reactor but later the introduction of (not fully sufficient) automated lt.ml:s:
Ry " - 2 cleaning reduced manual cleaning procedures to shorter periods of 10~15 min follow- cm,,.“"
BT AT 1 ing every 20th-30th reactor cycie. A Belgian company, where monitoring in the work- —
Rl o ing area was started in 1967, claimed that measurements at various sites insice a 9000- 1945~
U aletny litre autoclave during the manual cleaning operations had shown VCM concentrations ; :z é‘
"y j'ﬁ'v' s varying between 50 and approximately 540 ppm, with a mean of 413 ppm (Hublet ¢t mid-!.9
Sl al. 1977). According to data provided by Cook et al. (1971). VCM eoncentratons H
‘.f: ;i'_"'f p within the reactors prior to ventilstion were in the order of 3000 ppm. The reactor 19
A gt - 2 cleaners usually did not enter the sutoclaves until an aesation period of 15-20 min
3 had reduced the VCM concentration to what was considered satisfactory limus. In the ' Ace
§ early days, this was tested either by sniffing at the manhole opening’ (the lower limit
¥ of detection of VCM by its odour having then been accepted a3 400 ppm) or by use of
§ a flammable vapour indicator which required a minimum of 400 ppm for positive read- Equ
' ings. equalling 4% of the lower explosive limit of VCM. Later more sensitive methods tions in
: such as gas chromatography were said to have shown that VCM concentrations inside tquipm
the reactors tended to be below 100 ppm during cleaning operations, but VCM releas- vidual ¢
¢d from the residus during scraping resulted in concentrations of 6001000 ppm binauo:
measured close to the hand. () The
The Dow Chemical Company started monitoring the work environment in 1950 by ly spec::
means of grab samples; continuous monitoring was installed in 1959. While time- m&x sh
weighted average (TWA) concentrations ranged from 10 to 385 ppm during this period F' ‘h“"
(1950-1959). excursions up 1o 4000 ppm occurred, agreeing with employees’ reports or C &
of experiencing dizziness while loading or ualoading reactors (Orr et al. 1975). Ina com "::
sacond unit with modernized equipment excursions up to 600=1300 ppm still occur- tion l:lm
red during the period of 19531959, In 1959, when toxicological data indicating ad- (Sonotl
warse effects in gnimals exposed to 100--500 ppm VCM had become available (Torke!- which cs
son et al. 1961), the Dow Chemical Company introduced a new 50 ppm guideline for conditio
the work environment. Excursions and peaks up to 500 ppm did continue. Measure- lag of re:
ments of TWA exposures for various specified job categories in two production umnuts s A u;

of this plant berween 1950 and 1966 were presented by Oz et al. (1975). In 1968 indust
BASF (West Germany) introduced continuous monitoring by infrared absorption in 197';"’1
spectrophotometry for VCM 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). 2210 |
In several surveys individual jobs were grouped into three exposure categones ac-

cording to job classification to evaluate past exposure experiences (Spirras et al. 1975; Raw PV(

Williams st al. 1976 ; Biendis et al, 1978). These exposure indices were: (a) light = less unreacte.
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than 50 ppm: (b) medium = 50200 ppm: c) high = 200 ppm 2nd above (up to 1500
PPm). In the past, however, esumates of exposure concentrations were based in most
planrs not on continuous monitoring Juring the entire work shift but at best on sput
sanples not aezessanly representative of the different phates of 3 ;iven operation.
Estimates of past exposure leveis such a3 those represented in Table § are, thetsfore.
more or less conjectural. It can be assumed that considerable devations from these
sverage values have octurred all 100 often in the past.

Tabie 5. Averape cbnmmﬁom of VCA in the working
atmosphere of PVC-producing piants?. 1 Esumated by
Cliemical Indusines Associstion Lid.)

19451958 1000 ppm
1955 1940 400500 ppin
19601970 ’ * 200200 ppm
aud-1973 ~ 150 ppm
1974 © o SOppmand less
1975 ~ Sppm

4 According to Fleig and TAuwss 1974, Bames 1976

Equipment for optimal continuous multipoint monitering of exposure concentra.
gons in the working areas should mest certain basie requirements: (1) For stanonary
equipment stratepcally placed sample probes should yield data representative of indi-
vidual exposure levels in the breathing rone of workers, preferably to be used in com-
bination with personal sampiers. (2) Analysing methods should have 3 high selecuvity.
() The limit of detection should be a¢ least one order of magritude below the current-
ly spesified standard regulating the permussible upper level of exponure. (4) Measure- -
ment should be inmantaneous (within seconds) to guarantee rapid detestion of eritical
pesk concentrations. (5) Retording and Jats processing techniques should be provided
for the daily estimation of TWA exposure during the whole work shift,

Currently available methods for the determination of ambient VOM coneentration
comprise such analytical tools as long-path infrared spectrophotomerry, flame ioniza-
tion derection, gas chromatography, mass spectrametry, combustionconductivity
(lionoflux’), and personal samplers in combination with gas chromatography, none of
which can at present be considered as absolutely satisfactory for all individual plant
conditions because they all difTer with regard to selectivity, limit of detection and time
fag of response,

A catalogue of the methodologies that have prowed to be of value in the control of

industrial hygiene and personnel protection regarding exposure 1o VOM was compiled
in 1975 by Rowe,

2<.10 Expomure to VOM in PVCProcessing (-Fabricatng) Fann

Raw PVC powdsr ready for compounding and fabrieating purposes contains residual
unreacted vinyl chioride monomer in varying amounts. In the past, monomer content
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wias reporied to have been as high as 6000-7000 ppm (w/w) in some typos of raw
PVC. but a level of $00—-1000 ppm probably was a more representative range
(Schweigger 1975: VKE 1974: Karsrcd1 1976). The monomer slowly escapes into the
environment exponendally with time. Jepending on length of storage peniod. tempera.
ture, site and porosity of particles and dther physical properties of the polymer and.
more recently, on the effectivity of special degassing techniques (Prrer 1976: Schurz
and ol 1977). In 1978, the Association of the German Plasucs Industry announced
that m future only PVC powder with 2 maximum monomer content of 10 ppm would
be put on the market due 10 the deveiopment of special degassing technolopies (VKE
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 unreacted mono-
mer was now less than 20 ppm but in some foreign products it stiill ranged between
150 and 250 ppm: it also turned out that there may be considerable variation between
different batches of the same product (Schurs and Wnlf 1977).

Culd and particularly hot mixing or compounding of PVC, 2 procedure which usu-
ally precedes fabricating processes, favours the escape of unreacted monomer and,
therefore, requires spesial ventilation equipment, Depending on the content of residual
monomer, considerable amounts of VCM could be set free dunng the mixing process,
as was shown by Bnuder and Straby (1975). Apart from hot compounding, other ther-
moplastic operations. such as extruding. calendering and welding of tiles. also resulted
in release of unreacted monomer into the work environment. Although recently con-
ducted measurements of the concentration of VCM in working areas of six German
PVC fabricating plants have shown that in 90%% of the readings mean levels integrated
over | h periods now range below 0.1 ppm, numerous short bursts with excursions up
10 60 ppm during 1 workshift were recorded in one instance (Se/nirz and Wolf 1977).
Simiiarly low concentrations of VCM in breathing zone samples (maximum: 12 ppm)
with 6077 of the values ranging beiow 1 ppm had been found in 1974 in nine United
States fabricating plants, but source samples had ranged up to 340- 540 ppm (Karsradt
1976).

These present results, however, 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 venilation insufficient, parucularly in compounding and extruding unuts.
Whatever the extent of the nsk might have been in the past, it can be sajely 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 VCM-related svmptoms might also have afTlict-
¢d PVC process workers, this problem was investigated by our group. Although no
cases of scroosteolysis, pseudoscleroderma or angiosarcoma of the liver were observed,
evidence was presented which demonstrated that minor and incunspicuous lesions such
as mild hepatic fibrosis, bromsulphalein (BSP) retention, thrombocytopenia and shight
enlargement of the spieen could be found in 28 process worken who had been em-
ployed for years in compounding and fabricating units (Lange et al. 1975, 1976a:
Wegman 1975 ; Marsieller et al. 1976). In principie, these lesions were identical with
thos seen after heavy exposure as we will describe, but the degree of Jamage attnibut-
abie to occupational VCM exposure observed in these workers was not conxidered suf-
ficient to enutle them to disability compensation under German law. Although the in-
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consmcuous character of tivese lesions agrees well with the assumprion of 2 dose-re-
sponse refationship of VOM-related disoniers and the aherations may seem to be.
quantitatively. of little importance. they should not be minimized. Nevertheless. an
observauon period up to the present of aimost 7 years did aot reveal any scontanecus
grogretsion, In a proportional mortality study for 1970-1972 among roughly 35 200
male PVC fabrication workens in England and Wales. Baxser and Fox (1976) did not
find an excess of anposarcoma os other liver diseases.

A recently completed cohon study of 4007 people who had becn employed by
two German PVC{abricating plants between 1934 and 1974 and of whom 360 had
died revealed that overall mortality. although marginally below that of the male popu.
lation of the Federal Republic of Germany. was slightly elevated with respect to the
*wealthy worker effect’. Nn angiosarcomas of ths liver were observed and no excassin
overall cancer mortality was noted, but an excess mortality from brain tumours was
recorded in one of the two plants (Reind et al. 1978).

2.2.11 National Standards for the Control of Expomure

Industrial hygenists have used several designations for acceptabie or permissible limits
of exposure to chemicals at the work place, such as ‘maximum allowable concentuns-
tion” or ‘naxirsum acexptabie concentrauon’ (MAC), threshold limit value’ (TLV).
‘industnal hypene standard® in the United States and as *Maximaie Arbeitsplatzion.
zentration” (MAK) in West Germany. These empirical standards were defined by the
Amencan Standards Association 3s setting 3 limiting concentrauon ~for exposures not
exceeding 3 hours daily during 3 40-hour work week with the undersianding that vana.
tions should fluctuare below this value™ (/ris/ 1963). An extensive discussion of the
basic approach to the principles used in setting environmental qualiry standards for oc-
cupational respiratsr\ expomire to toxic agents can be found in the paper of Zietiuis
(1974). In this pap-+. the conceptual differences betwesn threshold lirut values as
wsed in the United Srates and maximum allowabis concentrations 33 used in the USSR
are summarized and the differences in approsch and emphatis, which mav explain past
discrepancies Setwans persiissible limits, are elucidated. For dewils the reader is refer-
red to tha paper.

The standard is nor an index of relative toxicity, tar less of hazard. and cerramly
not 3 sort of "average’, A standard set a3 the ceiling level implies that any fluctustions
should be around 3 median of perhaps half the standard and that it should be compe-
tenty used in full awareness of its phynolugical basis and the limitations of currenuy
availatle knowledge (/rish 1963). The standard will be subject to revision s soon as

- new information is aviilable. An essential element of the annually published German

tist of MAK vafues (MAK-Werte) is its preambie, which exhaustively defines the )
various modalities for the interpretation of such standards (Nenschler 1972)73). The
so-calied TWA, an integration ower time of Juctusting concentrtiots, will be 3 useful
tool for estimaring the probability of injury only if it ;epresents a comprehensive anal-
yiis of the normal iluctyation delow the standand.

. = [In the Federal Republic of Cermany the standard for VOM (MAK) was st at 500

ppm in 1966. The German Sundards Advisory Commities educed this to 100 ppm
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in 1970 in conformity with the propasal of Torkelson et al. (1961), which was based -
on the results of their animal experiments. In June 1974, when the cartinogenic prop-
erties of VOM had been well established. the MAK regulation for this chemical was re-
pealed and instead a preliminary technical guideline (Technische Richtkonzeniration)
of 50 ppm was instituted (VKE 1975). The Chemical industries’ 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 Richtkonzeniration) of 5 ppm.
defined as annual mean, for PVC.producing and -fabricating plants was insututed, per-
mitting excurzions up to 15 ppm during periods of not more than | h. In order 1o
adapt operating plants, a provinional regulation was issued with reduction of the an-
nual mean concentration to 20 ppm as of July 1975, and to 10 ppm as of July 1976
and peak concentrations over 1-h periods not exceeding 60 or 30 ppm, respectively
(Veltman and Lange 1977a). The technical guideline (TRK value) was revised 1n 1977
(2 ppm annual mean/$ ppm per | h).

In the United States the threshold limit value for VCM was originally set at $00
ppm in 1947, It was reduced to 30 ppm in April 1974 a5 a temporary emergency stan.
Jdard and finally reduced to | ppm/B h in 1976. Haley (1975) summarized the conflict-
ing views on vinyl chlonde regulations proposed by Government and industry in 1974,
Table 6 shows threshold limit values in a number of PVC-producing countnes.

2.12 Exposure to VCM Quuside the Working Area

The Environmental Protection Agency estimated that PVC.producing plants in the
United States discharged about 90 rullion kg VCM annually into the environment
(475~8% losses), most of it as air emissions and lesser quantities dissoived in water
effluent streams and entrapped in sludge and solid wastes (Sc/nweirzer 1975). Ina
pioneer study, concentrations of 1=2 ppm VCM were found in the ambient air near
such 3 plant (IARC 1974), 2-3 ppm in the primary water effluent and 100200 ppm
in the sludge at the plani site, but sampling and snalysis methods used were later
found to have been inadegquate 5o no conclusions were drawn from these figures since
they could have been in error by as much as one order of magnitude (Schweirzer
1975). For people who live within § miles of monomer and polymer production facil-
ities in the United States an average exposure of 17 ppb during the yeans of uncontrol-
Yed emissions was calculated (Vicholson 1977).

In the past VCM has been widely used as an aerosol propellant, either alone or mix-
¢d with fluorocarbons, hydrocarbons and inert organic gases. in household and cosmet-
ic products (hair spravz, deodorants. pesticides, room disinfectants, paint sprays,
fumiture polish and window cleaners). In Germany, VCM was proposed as propellant
for acrosols in 1958 (Osrermaycr 1967), in Japan it has been used as a propeliant since
1958, in the United States this use was probably introduced after 1962 (Sc/nverzzer
1975). As an acrosol propellant, VM has been 3 possible source of exposure fot the
public at targe, particularly for women, the extent and the potential health implica-
tions of which are unknown. Use of serosol producrs in confined spaces has been re-
ported to result in air concentrations of VCM of up 10 400 ppm in elosed rooms,
even afier only short bursts (30 5) (Gay st al. 1975), which could persist for several
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Country

Beigium
Canada
Finland
France
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Republic,
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Japan
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Tabie 6. Threshold limit values i TLV) 1n vanous countries

Country Year TLV Comment
‘prm)

Belpum 1p=e 2550 TWA (B h/1S mun)
Canada 1975 10128 TWA (S H/1S mun)
Finlang 1978 $i10 TWA 8 h/ 18 miny
Fraac: 1975 25 TWAIBh)

German Democntic = 200 MAC (Schortek 1969)
Republic (DDR) 197 22 (Konerske et al. 1978)

Inn 1976 25750 TWA (BN/1h)

Ity 1975 50 TWA 3 h)
(future) 125/50) {TWA 3 415 min)

Japan 1970 500 MAC
1974 200 MAC
1973 410 (25 mg/m*)

Netheriands 1975 10 TWA(E W

Rumania - 100 mg.m? MAC (Moden et ai. 1975)
' (40 ppm)

Sweden 1975 5120 TWA (3 0/15 mun)
1976 18 TWA (8 /1S mun)

Switzeriand 1973 100 MAC

(future) 10 TWA (8 h)

Unired Kingdom 1978 25/50 TWA (8 4/15 min)
October
1978 10/30 TWA (personal/eeiling)

usa 1947 $00 MAC (Amer. Conf. Governm.
Industr. Hypenists) .
April 30 TWA (8 h). temporary emergen-
1974 <y standard (OSHA)
October b1 TWA (8 h). temporanly permit.
1974 ted exposure
1976 17} TWA (8 h, 1S min)

- 1 mg/litre MAC. provisional eeiling concen-
(391 ppm) trauon; Stare Sanitary [nspec.
torate. 1957 (Fistors and
Gronsberg 195T)
J0 mg/m* MAC (Schortek 1969 Kerttner
(2 12 ppm) 1973) (Sanitarnys sormy)

Federsl Republic of 1946 500 MAK
Germany 1970 100 MAX
June 50 TRK (preliminary technical
1974 guideline). Annuiment of
: MAR regulation.
1978 818 TRK (annusi mean/1 W)
1977 /8 TRK (annual mean/} k)

Sources: Smyth 1956 Filarove and Gronsdery 1957, Schorrek 1969 Henschier 1972/
TI1ARC Repore 1974: Naley 1975 Sakabe 1975: Prodan et al. 1975, Aryenpur
1977, Schitz and Wolf 1977 MAK Werte-Luste 1977: Kerrner 1975
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hours after repeated spraying in smallersized rooms (IARC 1974). Haley (1975) pre-
sented 3 list of pesticide products containing VCM as a propeliant and registered for
indoor use, which were banned in 1974 by the Food and Drug Administration. In
Japan, the monuiner was also banned as 3 propeilant in 1974 (JAMA 1974, 229:855).
There is a case on record of 3 worker who died from noneirthotic portal hyperiension
and anposarcoma of the liver after 14 years' employment at a chemical plant in south-
em Germany where he had been engaged in Joading such pesticide cans (Rein/ and
Webcr 1974). The report of a female office worker suffering from typical Raynaud's
phinomenon, pseudoscieroderma. acroosteolysis and mandibular osteolysis who never
had occupational contact with VCM (Mcy'erson and Muier 1972) is apt to make one
wonder what influence the frequent indoor use of VCM-propelled spray eans (Bridbord
et al. 1975) may have had in this unique case. Sputum sampies 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 metaplastic bronchial cells
compared with two groups of controls (Guod et al, 1975).

PVC bottles. films and foils have been used for many years for packaging food and
beverages (cooking oil. margarine, meat, mineral water, fruit squashes and other soft
drinks, hard liquor etc.). The conrent of residual VCM in PVC bottles was found to
have ranged formerly between § and 400 ppm (w/w), and in PVC foils up to 800 ppm
(van Esch and van Logten 1975). The problem of migration of unreacted VCM {rom
the PV'C containers into the foodstufls became recognized in 1973, Reports of un-
pleasant tastes in American brands of vodka and whisky which had been stored in PVC
bottles 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 Logren 1978: 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 PVC bottles for periods up to 3 years; VCM concentrations in
onange squash and cooking oll were found to be in the range of 0.01-0.08 ppm and
0.01=0.03 ppm. respectively (IARC 1974). Levels of 0-0.4 ppm found in British
PVCbottled liquids were mentioned by Davies and Po-r- (1975): in their own analyses
of samples of PVCbottled spitits supplied by British Airways they found concentra.
tions of 0=0.25 ppm (w/w). Methods were developed for the detection of VCMin
liquids with a maximum sensitivity down 1o the | ppb level (van Liersp and Srek 1976:
Dressman and McFarren 1977). It was tentatively estimated that even during the years
when PVCpackaged food and beverages had not been heeded as a porential 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 (IARC 1974). Schiatrer (1976) calcutated
that today 1t would be lexs than 0.01 mg/person (equalling 250 mg during a whole
life time); in comparison, he calculated that the inhalational intake of VCM in diseased
workers who had been exposed to concentrations of 500-1000 ppm during 3 period
of 10-20 years would have amounted to at least 25 kg. The Association of the
German Plastics Industry sxpects that the use of technology available at present for
the production of PVC food-packaging materials decreases the VCM content of food-
stufTs to below 50 ug/kg (50 ppb) even after prolonged storage (VKE 1975). Results
of carcinogenicity assays in experimental animals after oral administration of VUM
are discussed in Sect. 3.3.
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3  Toxicalogy of VCM

3.1 Acute Toxicity

Dunng the first three Jecades of PVC producuon. animal xpramenis were limited to
the assessment of the acute inhalational toxicity of VEM in short-term exposures 1o
concetrations varving between 50 000 and 400 000 ppm (Puir: ot ai. 1930 Puples
and Leake 1933 Scigumarn 1934, 1938, Osrer a1 3, 1947, Care et al. 1949; Mastro-
marica et 3. 1960: Lesrer et al. 1963). In muce. rats, guinea-pigs., rabbits and dops
anaesthetia. deep narcons, cardiac arthythmias and lethal edTects were observed within
tius sange of exposure but no relevant organ pathology was noted excepr for conges-
tive and haemorrhagic changes in jungs. liver and kidneys on faral outcome. Asute

hepatocellular injury was later found only in animals pretreated wnth porent engyme.
inducing substances (see Sect. 34220

3.2 Chronic Toxicity

Torkelson et al, (1961) were the first to describe results of experiments with prolonged
exposure to concenuations ranging from 50 to SO0 ppm, ¥ h/day. § days/week, for
4.5 -6 months, All species tolerated exposure tg 50 ppm for 6 months: 100 ppr,
however, caused an increase in liver weight and 200500 ppm caused. in addison,
histological changes in the liver and kidneys of rats and rabbits, but oot in guinea-
P and Jo, An increase in liver weight and decrease in spleen weight was also seen
in rats exposed to 20 Q00 pym, 8 h/day, § dayswweek, for 3 months by Lesrer et al.
{1963): no histological lesions were found after 3 months, Soviet investigators at the
Gorkij Institute were mainly interested in neuroendocrine changes after prolonged
exposure of experimenta! animals to various concentrauons of VOM. Ca:d.ia: arryth.
mizs. bradyeardia, changes i phonocardiogram in rats exposed to 12-20 ppm (0.03-
0.08 my/litre) for § months were reporied (V'ezn and Mokhnre 19690) a3 well a8 in-
creased secretion of catecholanunes in rabbuts and changes in the biopotential of the
posterior hypothalamus (Vezo and Plokhove 19693). Aftee 3 § Sanonth exposure 10
35001000 ppm (9-10 mg/litre ) changes in the bioslectric activiry (EEG revordings)
of the cortex and the antenor and pesterior hypothalamic nuclei in rabbits with gon.
comutant changes in circulatory functions were seen (Vosin and Poliiove 1968). Ex-
pasure of rats and rabbits to 0.03-0.04 mg/litre (1216 ppm) for 6 months produced
resorptive bone changes and oneoporosis in addition to cardiovascular and central
nervous system dvsfunction (Sesalaer st al. 1970). In 1969 Schorrek summarized
svilable evidence for VCM texicity and warned urgendy that chronic exposure to
VN should be suspected of causing toxic liver damage. He moved that the currendy

statutory maximsl allowsble concentration of 200 ppm (MAC value, German Demo-
entic R..pubhc) should be lowered.

Of particular importance as pionest work were Viola's experiments (19702, b:
Viok et al. 1971) with exposure of s to JO 000 ppm, 4 h/day, § days/week, fora
full year. It was only after this length of exposure that histopatholugeal examination
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revealed lesions similar to human acroosteolysis and also similar to the type of non-
tumorous liver diseases which we observed in PVC workers 3 years later (Marsteller et
al. 1973). Viok described lesions of the skin, the small arterial vessels, the connective -
ussue and elastic reticulum of the paws, and periosteal proiiferation wath chondrord
metaplasis of metatarsal bones. Fibrosis of small peripheral nerves and degenerative
changes of the grey and white matier of the brain were prominent, whereas the kid-
neys were not markedly affected. The liver showed pronounced Jegenerative lesions
with parenchymal necrons, cytoplasmic and nuclear polymorphism. abnormal prolifer-
stion of hypertrophic Kupffer cells and intense fibrosclerotic reactions.

33 Oncogenic Properties

The carliest documentation of the carcinogenic action of VCM was Viols's prelim:nary
report presented at the 10th International Cancer Congress in Houston, Texas in May
1970a. Of 26 Wistar rats exposed to 30 000 ppm for 12 months 17 developed epider.
moid carcinoma, mostly in the parssuricular region; 6 also developed adenocarcinoma
of the lungs and § osreochondroma of metacarpal and metatarsal regions of all 4 limbs
(Viola eral. 1971; Viok 1974). Maltoni and Lefemnine (1975) later interpreted these
paraauricular tumnours as arising from the sebaceous glands of the extenor acotstic
duct. also known as Zymbal's glands, the cell matrix of which seems to be the target tis.
sue of a number of carcinogens. They were of the opinion that the pulmonary malig-
fancies were metastases from the Zymbal gland tumours. Autoradiograms of sections
of whole rats dosed orally with [**C Habelled VCM revealed a discrete localization of
'4C in the parasuricular region (Zymbal gland?) and in the region of salivary glands
and Harder's glands (Green and Hat/way 1975). In this context Neumann et al. (1979).
who analysed the peroxidase activity in Zymbal glands of Wistar rats, proposed the
concept that peroxidasemediated bioactivation of carcinogens (in their study: stilbene
derivatives) might offer an explanation for these tissuespecific effects.

At the end of 1970 .Maironi and his group, with the support of Jtalian, British,
Belgian and French chemical companies, started to plan and subsequently execute a
largescale carcinogenicity bioassay designed to study the effects of chronic exposure
to VCM in refation to vanous experimental factors such as route of administration,
dose level, length of treatment, and species, strain, sex and age of animals (Malrom
1973, 1977 Malroni and Lefernine 19742, b, 1975; Maltoni et al. 19743, 1975). Con-
centrations used in the inhalation experiments were 30 000, 10 000, 5000, 2500, 500,
=50 and 50 ppm, with length of exposure ranging up to 52 weeks and observation peri-
ods up to 143 weeks. Apart from the inducrion of Zymbal gland carcinoma other ma-
lignancies developed, notably angiosarcoms of the liver but also extrahepatic angio-
sarcomas, nephroblastomas, pulmonary tumours and mammary carcinotna, as well as
a number of single tumouns of other target tissues. Different types of tumours were
found to coexist in the game animal. On on! administration of VCM dinsolved in olive
oil (5 days/week) angiosarcoma of the liver was found afier SO weeks in two animals
of the two groups of 80 Sprague Dawley rats each of which had been treated with the
highest doses of 50 and 16.65 mg/kg body wt. (Maironi et 3l. 1975). Maltoni (1977)
succeeded in demonstraung that the route of adminstration of this ciearly multipo.
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waual carcinngen may significantly vary the typs of neoplastic response. In 3 subacute
study of oral VCM toxiity. laszing only 13 weeks, in wiuch rats were given VCM Jis.
solved in soya bean oil by gavage in daily deses of 30. 100 and 300 mg kg body wt..
6 davs week, Foron e; al. (19°5) jound 3 signuticant increase in liver-io-body weight
ratio only at the highest Jose level, This was interpreted 1 3 merely nonspecific reac.
uon not necessanily indicative of 2 toxic responss. Based on these results, Feron et al.
placed the oral no-toxicefiect level at 30 mg VCM/'kz Sody wr./day and suggested that
the no-toxic-etTect level M3y actually be even higher. Zymbal gland zarzinoma. hepauc
angiosarcomas and aephroblastomas had never occurred spontaneously 1n the breed of
Sprague-Dawiey rats used at the Bologna Institute. The neoplastic response to VCM
proved to have 3 direct Juse-ume relationship, Even levels of 50 ppm were carcino-
geouc in rats and muce. Later Maltoni (1977) found exposure to 28 ppm VCM also to
be carcinogenic in rats. whereas no carcmogeni effect was observed at lower lovels of
10. 5 and | ppm in a study which, however, i3 still incomplese (quoted from Griciure
1979). Another American study designed to complement Malrom™s results confirmed
the dose-elated induction of liver angiosarcoms and mammary earcinoma in mice at
exposure levels of 2500, 200 and 50 ppm (Keplinger at al. 1975). On reexamining
hustological slides of his past experiment, Vioks later also detected angiosarcomas of
the liver and other malignancies of skin, lung and intestne in his rats: he also reported
the industion of skin acanthomas and pulmonary adenocarcinomas ir rabbits after ex-
posure to 10 000 ppm VCM, 4 h/day. § days/week, for st ieast 15 months (Malron: et
al. 1974b: TARC 1974). Maltoni and Lefemine (1975) considered the effect of VCM on
endothelial tissue 1o be 3 systemuc one since they found dilatation of blood spaces. hy-
perplasia and atypia of endothelial cells also in organs and tixsues other than the liver,
even in the absence of angiorarcomas or benign angiomas, Evidence of hepatic fibrosis
was scanty and inconstant m thewr anirnals and was more likely to ocsur at the lower
doses. In the spleen of treated raw and mice fibroangioblastic proliferation undergoing
fibrosis was frequandy observed. No acroostesiyuc lesions were found, but a few eases
of ousifying angiosarcoma were observed. A potential transplacental exreinogenic of-
fect was suggested in 1975 by the development of subcutansous anposarcomas in the
offsprng o1 breeding animals exposed for 7 days during pregnancy (Veitons and Lcfe-
mune $975). Later, Maltoni (1976) detected angiosarcoma in the offspring of 3zt ex-
posed to VCM during the period betweer, the ] 2th and 12th day of pregnancy (quot.
ed from Griciute 1979). Hepatocedlular carcinoma was ot found in acult animals but
it was seen to develop readily in newbom animals, possibly in connection with the 1m-
marurity of their bioactivation pathways (Maironi 1977). Exposure of aswbom nus
to 2000 ppm VCM, 8 h/day, § dayi/wesk, for at least 4 weeks elicited preneoplastic
foc: of hepatocellular ATPase deficiency, notably in femnale animals (Laib et al. 1979).
Hobnbery et al, (1976) exposd mice to 50 and 500 ppm VCM, § h/day, § days/
week, for $ and 26 weeks respectively. They did not observe heparic fibrosis or
tpleen changes. but multiple benign alveologenic adenomas developed in 18 of 24 sni-
mals exposed to 50 ppm and in all 24 anirals exposed to 500 ppm’ . In addition. sub-
cutsneous snd/or subperitoneal haemangiotarcoms developed in 14 animals of the SO-
ppm proup and in 8 of the $00.ppm proup. Onty one haemnangiosarcoma of the liver

1 See alsn Winell et 30 (1976)
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* was found in an anunal exposed to-500 ppm. A few mammary adenocarcinomas. one

rhabdomyosarcoma and one renal haemangiwsarcoma were also seen. From their ex-
periments Holmberg et al. concluded that 3 lower exposure over 3 longer period may
intensify the cancerogenic reiponse and that an inveried relationshnp betw een dose
Jevel and latency time seems to exist in the case of VICM. as had alyeady been observed
with other carcinogens. Recenuy the results of still another animal experiment with
exposure of Wistar rats to 5000 ppm. 7 h/day. 5 daysiweek. for 52 months was pub-
lished by Feron eval. (1979, b; Ferun and Aroes 1979} in an eventually frastless at.

tempt to elaborate suitable parameters for early detection of VCM-disease in man. Ear-

ly effects were a shortening of blood clotting time and the occurrence of swollen and
malformed hepatocytic mitochondrnia. At 3 later stage progessive tubulonephrotic
changes in the kidneys, foui of celular alterations in the liver with reduced glucose-6-
phosphatase actinity in hepatocytes, strong sinusoidal agtivity of alkaline phosphatase
and increase of ymooth endoplasmic reticulum in parenchymal liver cells were observ-

¢d. In the final stage areas of necrosis in the liver parenchyma, focal dilatation of sinus-

oids and proliferation of normal and atypical sinusoidal cells, multicentnc hepatic an-
giosarcoma and Zymbal gland carcinoma occurred. Feron et al. (1979 ) also observed
bepatoceliular earcinoma in three animals. Surprisingly. the induction of very malig-
nant metastasizing carcinomas of the nasal cavity originating from the olfactory epi-
thelium and Bowman's gland was noted, which had not been reported before in con-
nection with VCM. Marked hepatic fibrosis was only seen within fully developed an.
giosarcoma or 8s a reaction to extensive necrosis of the hepatic parenchyma. The in-
vestigators were of the opinion that hepatic parenchymal changes preceded those of
the hepatic stroma, but they stressed the fact that the true relationship between VOM-
induced aiterations of hepatocytes and sinusoidal cells has yet to be elucidated.

34 Toxicodynamics

Prior to 1974 very little ir.formation was available about the {ate 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 VOM was excreted via
the lungs after inhalational administration; the pulmonary route is the-main excretory
route of nonmetabolized VCM (Green and Harhiwey 1978). Blocking of nonprotein
sulphydryl groups in the blood of vinyl chioride operatives, less pronounced after dis-
CONUNUOUS CONtact, was observed as early as 1964 by Gabor et al. and indicated deple-
tion of the glutathione pool, which has since also been found in exposed rats (He/iner
¢t al. 19751). Hepatic glutathione piays a fundamental role in protecting tissues against
sttack 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 3 polar excretable metabolite of VCM had been formed (Fainio 1978),

Toxicodynamic studies have revealed that VO per se is ncr the ultimate toxin or
carcinogenic. It is the process of biotransformation (metabolic sctivarion} of VCM,
primarily by hepatic microsomal enzymss (mixed funcuon oxidases) that yields shor-
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Yvzd but highly reactre alkyiznng intermediares which are regponsible tor the tonic.
mutagenic and oncogenic efiests. VOM is metabolized rapudly to polar nonvolatile ex-
cretable products (Hesiter et al. 197 83: x2n Duuren 1978 Radwan and Henscliler
19751, The toxicity of VCM seems 1o be larg2ly detarmincd by the rauo of the rela.
tive veloaities of both biotransiornation of the compound Jnu protective detaxifica.
tion of its reactive intermediates (Honschler 19772), The capacity for metabobic 21imi-
nauen of VO in rats is saturable at an awmospheric concantration of 200-250 ppm,
$0 that above this concentration VOM is merabolized at a constant maximal veloaity
following a terocorder kinetic, whereas helow 200-250 ppm 1t 1s metabolized in c-
cordance with first-order rate kineucs (Hefner et al, 1975a3; Bolr ev al. 1977).

3.4.1 Upuke and Distribuuon

Pulmonary uptake of VOM from the atmosphere depends on the rate of 1ts metabolism
in the anunal’s organism. The atmosphenc coneentration of thw compound equilibrates
with the poul of unmetabolized VCM distributed in the animal’s tissues, as has been
shown by complete inhibition of mucrosomal oxadative mezabolism (Bolr et al. 1977a).
Boi: e1al. (1977a) also concluded that lipids ot 1:z >proteins, rather than proteins such
as albumin, are the vehicies that transport VCM .= the blood and from wiuch the com-
pound goes into the adipose tissue or is taken up by the liver for metabolic conversion.
After oral ingestion and absorption {rom the gastrointestinal tract, 3 “first pass efTect’
has to be considered, but an increxungly substantiaj percentage of unmetabolized VCM
is excreted via the lungs in direct relation to the dose administered (Waranabe ¢t al.
1976¢). This confirms the finding that VCM metabolism is a dose-<dependent and satur-
able process. Pulmonary elimination of over 927 wathir & h of a dose of 300 mg kg
body wt. admunistered orally to rats was also reported by Feron et al. (1975) in an -
vestigauon of the subacute toxicity of VCM incorporated in soy beanoil and fed by
gavage in doses of 30, 100 and 300 mg/kg daily, 6 days/week. for 15 weeks. They
found a significant increase in liver-tobody weight ratio and hypertrophy of the endo-
plasmic resiculum of hepatoctes as indications of a toxic etfect at the highest dose
but only minimal histological changes in the liver. In a second experiment. they fed
rats on 3 diet conwmining PVC powder with 3 high monomar content and obsrved that
almost all the VCM was relessed from the PVC powder during passage through the in-
testinal tract, but only about 10 mg VOM/kg body wt. per day couwld be admunistered
in this w3y.

Percutancous absorption was studied by Mefiter et al. (1975b) in male Rhesus mon.
keys folowing whole-body exposure (head excluded) to concentrations of 7000 and
800 ppm of !*Cdabelled VCM for 2~2.5 h. The quantity absorbed via the intact skin
w2 negligible (0.027+0.03%) and mesx of it was expired.

Studies of the distribution of [1.2.'*Cldabelled VCM in the body cleasly revedied
that the liver (predominant site of metabolism) and the kidneys (site of excrenon of
polar metabolites) contin the highest concentrasions of ' C activity, followed by
spleen, lungs and small insestine (Warenzbe et al. 1976¢; 20lr et al. 1976a, b). Liver,
kidnevs. spicen,Jung and small intestine (in this orcer) also conin the largest amounts
of irreversibly prowin-bound metabolites (Bolr et o, 19763). Only miner amounts of
irreversibly bound metabolites of VOM were found in muscle, adipose timus and brain.
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minant metabolic pathway i the oxidation of the double-bond of VCM by the hepatic

v
i) 7 26 W.K. Lelbach and HJ). Marsteller Vinyi Chlor:
R
ot ‘ Total radiactivity 48 h after a single exposure decreased considerably in these organs, microsomal |
. in accordance with the relatively rapid metabolization of VCM and excretion of its ly highly rea.
o< polar metabolites, In contrast, the amount of irreversibly protein-bound radioactivity vi3 the form:
<5 E remained constant during this time. Buchzer et al. (1977) also showed that unmetab- bon monow!
;.h"-"” pe alized VCM possesses a great affinity for adipose tissue, in contrast to its metabolites., preziable rol.
ooy which are concentrated primarily in liver and kidneys, in vitro an an
3, -!‘Z' systems and :
%‘& 342 Metabolism 1976a). The .
e 34.2.1 Relarion between Chemical Structure, Reactivity and Mutagenic or
' Carcinogenic Effect
" ";Ef Before discussing the metabolic pathways of VCM (monochloroethylene) and its pre-
R »{ ('ﬂ: sumptive toxic intermediates two features of the chemical structure of this compound
i) should be mentioned. Vinyl chloride is a monohalogenated ethylene and its chilorine
3 ¥ substitution is asy'mmerric. Chlorination of alkenes (olefinic compounds), in general,
T tends to stabilize the double bond by exerting an slectron withdrawal effect on the
e 3 carbon atom involved. Thus, the chemical reactivity of alkenes decreases with increas-
£ ;__g ing degree of chlorine substitution, as was shown in 1968 by Williainson and Creranovic a
il for reaction rates with ozone, Vinyl chioride, a3 3 monohalogenated alkene, is the least . pIVed H -
uigd stable compound with the highest reaction rate in the series of chlorinated ethylenes | H ™
hryat and ranks next to unsubstituted ethylene. i ey
- X Secondly, the first step in the oxidative metabolism of all chlorinated alkenes is a ‘
z_t transformation to epoxides (oxiranes) which are shortdived, lughly reactive elecrro-
1 philic intermediates (Bonse et al. 1975 Henschler 1977b). Such chlorinated epoxides
3 i' may react, by alkylation, with essenual cellular constituents, a mechanism which
% Rannug ev al. (1973), Bartschr et al. (19752, b) and Malaveiile et al. (1975) claimed to
- § be responsible for the carcinogenic and mutagenic effects of VCM and vinylidene
at s chloride. Epoxides resulting from biotransformation of asymmermncally substituted
y= LY N ethylenes, such as VCM, vinylidene chioride and trichioroethylene, seem to be particu-
{é}% larly unstable with increased electrophilicity and thus enhanced alkylating effect.
> 2;:; Their mutagenicity and, inversely, the nonmutagenicity of oxiranes of symmetncally
TR T chiorinesubstituted ethylenes was indicated by the studies of Greim et 3l. (1975,
et 1977).
Fa ' 3422 Menboiic Parhways Fig. 1. Meuabr
53',:* From 1974 onwards the fate of VCM has been studied extensively in vitro with rat
“‘kjf--";‘ liver microsomes in the presence of a NADPH generating system (Kappus et al, 1975, metbolized
A 1976. Barrsch et al, 1975D, 1976 Malaveille et al. 1975: Bolt et al. 1976a: Pesseyre : aceuc acid are
et al, 1979), with the aid of isolated perfused liver preparations (Radwan and Hensch- } roethylene ox:
ler 1975, Bonse et al. 1975 ; Radwan 1977, Henschler 19773) and in vivo (Hefner et al. . protein sulphy
19782: Watanabde et al. 19764, 1978a. b: Bolr st al. 19774, b) in both control animals ! way (1977). 8
and animals pretreated with various types of enzymednducing and enzyme.-inhibiting (Norpoth eta!
substances. S<arboxymet.
Present biochemical knowledge strongly suggests that the first step of the predo- acid) (Henschi

identified in ot
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microsomal mixed-function oxidase system, fomung cilometh vlenc oxnde, 3 chemical-
ly tughiy reactive epoxide (Fig. 1). A negligible amount of VCM can be metabuolized
via the formation of peroxides, very unstahie compounds decomposing rapidly to car.
bon monoxade, HC: and formaldchyde which, however. do not seem to play any ap-
preciale role in the toxicity of VM (Henschier 1977b). It has aiso deen shown that
in mitro an artitical superoxide (077 generating system can replace rat fiver microsomal
svsterms and transform VOM to the active inrermediate (Kappus ex 3}, 1975: Boir et al.
19%63) The eposide arranges spontaneously to shioroazetaldehy Je. winich i rapudly
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Fig. 1. Metabobc pathwavs. Adapted (rom Hensehler (197Th)

metabolized 10 monochloroacetic acid. Both chloroacetaldehyde and monochloro-
acetic acid are also metabolites which are chemically reactive but less potent than chio-
roethylene oxide. AR three intecmedistes can be detoxified by conjugation with non-
prosein sulphydry! compounds (glutathions, cysteine) as describec by Green and Harh-
way (1577) Sulphur<containing excretable metabolites such as Shydroxyethyicysteine
(Norpod: a1 3l. 1976). Nacety)S{2 chlom)ethyl cysweine (Green and Hothway 197€),
Scarboxymethyicysteine (Waranade o1 al. 1976a), and thiodiglycolic acid (thisdiaceric
acrd) (Henscivier 1977a: Muller et al. 1976. 1978 AMiiller and Nurpoth 197%) have b=en
identified in the urine of exposed workers and animals. A progresxive depression ol the
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level of hepatic nonprotein sulphydryl content has been observed in rats atter expo-
sure to'VCM in concentrations from 150 to 2000 ppm for 2~7 h. No dJepression was
seen after 10 ppm and a concentration of 50 ppm caused only an inconsistent reduc-
tion (Waranabe et al. 1976b). Protein-bound hepatic sulphydryl content remained
unaffected. Hepatic microsomal cytochrome P, 4, the coenzyme of microsomal mono-
oxigenases, also decreases linearly with time in animals exposcd to VCM (Revaokds et
al. 1975b). This destruction of cytochrome P, 5, may prevent further metabolism and
toxicity of VOM (Pessayre et al, 1979).

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

The reactve metabolite of VCM, chlvroethylene oxide, is a powerful alkylating
agent which covalently binds to various cellular macromoleculss, notably vital proteins
and nucleic acids. By binding to cellular DNA and RNA ot critical proteins the metab-
olite may alter vital functions and the genetic information of the eell and thus exerr 1ts
hepatotoxic, mutagenkc and carcinogenic effect. Eventually, however, the only fracuon
of the formed epoxide that binds to macromolecules is the one that is not detoxified
by protective scavenging mechanusms such as conjugation with cytosolic glutathione or
inacrivation by epoxide hydrase, Simultaneous presence of other xenobiotics which
have to be detoxified will impair the effectiveness of the deroxification mechanisms. In
assessing the risk of exposure to VCM, Henschiler (1977a) concluded that there mught
be 3 greater risk in intermuttent peak exposures over brief periods than might be ex.
pected from simple integrauion over time and that the chances for effecuve detoxifica-
tion are greater in long-term 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 significandy augment the binding
of the reactive metabolite with hepatic macromolccules and may thus enhance the po.
tential toxicity of VCM. On single exposures of rats to increasing concentrations of
labelied VCM ranging from | ppm to 5000 ppm, the amount of radioactivity covalent-
ly bound to hepatic macromolecules did not increase 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 expasure concentration (Waranebe et al. 1978b). This correlates well
with Malroni's report (1975) of a 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 VC) can alkylate nucleic acids. a commonly accepted mechanism
for carcinogenens. Covalent binding to the adenosine (Barbui et al. 1975; Lab and
Bolr 1977), cyudine (Laid and Bolt 1978), and guanine moiety of nucleic acids (Oster-
mann-Golkar et al. 1977) has been described. But the degree of covalent binding of
ehectrophilic metabolites of labelled VCM to hepatic nucleic acids seems 10 be very
small (Watanabe et al. 1978b; Laib and Bolt 1977). Laid 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. Waranabe #1 al. (1978b) concluded that covalent binding to
aucleic acids is not the preferential reaction, but they pointed out that this does not
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exciude the possibility of other. more subtie interactions which may impair the control
ot cellular replication. Alkylation of nuclews acids. however, cannur at present be ex-
cluded 23 the mechanssm for VCM-induced carcinogenesis after repeated exposure and.
above all. in the 1argat cells rather than the uepatocytes. ] .

This asgect sarnes on 1o an unresolved nroblem on whuch future experimental
work will have to 1ocus. Although the site of formation of the active mewabolite is the
encoplasmic reticulum of the hepatocyte, the liver cell itself is not parngularly suscep-
tibl2 10 VOManduced toxecity  Acute hepatoestiular injury has not been vbserved mor.
phologically after exposure to VCM unless pretreatinent wath potent inducers of the
mmixed function oxidase system had preceded the exposure;in pretreatsd rats centro-
lobular. muidzonal and paniobular hepatocelular vaguolization and even necross was
found (Jaeger ex al. 1974, 1978, 1977: Reynodds st al. 19783, 1976: Connlly et al.
1978). Secondly. the site of carcinogenicity in the liver is not the hepatocyts but the
endothelial cell of the hepatic sinuses.

At present it ean only be spesulated which of the following four most likely pro-
cesses are effective, either singly or in conjunction: (1) The active metabolire leaves
the hepatocyte and is conveyed to the endothelial cell. (2) The endothelium itself has
some metabolic capacity (8olr 1978), as may tissues of organs other than the liver.

{3) Mezhanusms for the detoxification of the acsive metabolite(s) are insufficient in
tissues other than the hepatocytes. (4) Repur mechanisms for the correcnon of aber-
sant cell replication are less effective than they are in the hepatocyte (Werenade e al,
1978b). .

An equally puzsing problam is the role of VOM in the pathogenens of the distal
aunneoplastic vascular lesions which are responzible for the development of the tnad,
Raynaud’s phenomenon, sclerodenmoid skin indurations and acroosteolysis. This syn.
Jdrome was the earliest indicauon of adverse effects of chronic exposure to VOM in
man. Besides, itg atency period was connderably shorter than exther the nonmalignant
liver lesions or angiosarcoma of the liver. Whereas it is now establithed that hepauc
bicactivation of VCM plays the central pant in the pathogenesis of both noncirrhotic
ponal fibrous and angiosarcoma of the liver. it 15 not at all clear whether the develop-
ment of the acral Jesions is due to VCM itself or to active metabolites which may exert
a direct or indirect toxic action on (3) medullary vasomotor cearres, (b) the sympathe-
tic nervous system. (c) snooth muscle ceils of the media of anenoles, (d) endothelial
lining cells of smail arteries (with Gbroblast transformation and endothelial prolifera-
tion) or whether (¢) the action is mediated by the formation of immune sompiexes.

R

4 Clinical Spectrum

During the mid-1940s it began to emerge that chronic occupational expasure to VOM
might prove to be not quite as harmiess as had been claimed. The historical synepsis
presented in Table 7 summarizes those clinical studies from the world litersture thar
marked the gradual recognition of the full spectrum of darmage due to this new ocsu-
patuonal hazard.
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Table 7. Gradual emergence of evidence for VO M-associated pathology

Year

Reference

Findings

1949

1954
1957
1957
1960

1961

1962

1966

1967

1967
1967

1968
19

1971
1972

Tndukh ¢t al.

Smimove

Filatore and Gronsberg
Kubor

Danziger

Smirmorg

Suciu et at,

Cordier et al.

Harris and Adams

Benotr
Wilson et al.

Anonyuzhenko
Dinman et al.

Dodson er al.
Kramer and Mutschier

Hepatomegaly, more ar lew marked "amicteny

hepatitic’, "chronic gastnus’, hypetenann.
anaemia, skin iesuons

Toxic anproneurosis
Toxic anponeurous
Symptoms samilar to Raynaud’s phenomenon

Two cases of accidental {atal possoming by VO,
1 nonfatal acute overesposure

Reversible osteolytic lesions of distal phalanges
Pscudociubbing, thickening of skin nn volar
side of forearms. slight haemoly i3 and reticulo-
cytosis

CNS. prenarcotic symptoms tdizziness. euphona,
somnolency). nervousness, insomad. blunting
of memory, general asthenia. headache

Vascular: Raynaud's syndrome

Dermarol.: pruntus. reversible scletodermalike
skin induration. chemical and allergic dermantuy

Digest. stymproms: anorexia, nausea. fullness.
hepatomegaly without hyperbilirubinaemia,
splenomegaly

Endocrine: hypothyroidism

Raynaud's syndrome, selerodermalike <kin
changes, acroosteolysit. pseudociubbing. yoint
pain, tiredness, sieep reversal; 2 episodes of
acure overexposure (loss of consciousness’

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

Arteriography. Skin and bone biopsy

‘Occupational acroosteolysis’ with Raynaud’s
sympioms. sclerodermalike skin changes.
pssudociubbing

Mentions thrombocytopenia

Prevalence of acroosteolysis and Raynaud's
phenomenon

Vasculat lesions preceding the bone lesions

Increased BSP retention and raised icterus index
related to degree of exposure
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Table ¥ tcontinued)

Year Reicrence Findings

1e=g Martowtss el a. Progressive thekening of hands and forearms.
rthraigia, Blanching usen exposure (o cold
With cyanoss of hands accompanied by sever:

pain. Skia Bopsy

Yot Germarn report ot © worken swith Liercdermy-
kike sk:n lewom, Raynsud's syndrome. and
acrowsteolyus. Tests showed abnormal liver1a
a. weclusion of digital artesies in | worker

Jie and Lange

1973 Marzeriler et al. Noncirthotie portal fibross with portal hy per-

tenaun and splenomegaly

19°43)  Creech et al. J cases of anposarcoma of the liver

4.1 The Triad: Ravamd's Pheayunon. Pueudoscierodenna and Acroosteolysis

A first indication of adverse efTects due to chronic VOM exposure arose in workers ata
plant produsing VOM who presented with symproms simular to Raynaud's phenome-
non (‘toxic angioneurosis’). This was reported by Snurmora in 1954 and later descnbed
an detal in het thens (1959), The syndrome was found predominandy in laboratory
personnel who had intermirtendy been expesed to high concentrations of VCM duning
hourly sampbng for chemicz! analysis (punty of the product). In 1953 Raynaud's syn-
drome was also observed ameang several workers at 3 Japanese PVC producing plant
(Kubota 1957). Apant from 1 painful vasospastic disorder of the hands. impaired ther-

moregulation, acrocyanosis, ; aitive cold test. capillaroscopic alterations, paraesthesias,

and CNS symptoms such a1 headache, blunang of memory and sleep reversal, Smirnorz
(1954) alic mensgioned rweiling of fingers and developmen: of circumscribed skin in-
durations on the volarside of the forearms in those most severely affected. In addinion,
there was evidence of mild haemolysis (borderine ansermnuia. decreased osmotic fraglity
of red cells, urobilinuria, and reticulocytosis). In 1961 Smumove descnbed radiographuc
evidence of destructuve bone lesions of termunal phalanges in the hands identical with
acroosteolysis in three workers at a PVCproduang plant (one fitter. two centnifuge
operaton) after exposure for 3-9 years, Since these bone lesions developed in con-

' junction with toxic angioneurosis’ and since complete recalcification of the defects

was found in two workers J years after removal from exposure, Smomovs believed the
lesions to be charaeterisiic of chronic VCM intoxication. She pointed out that their
reversible charactes might serve to distinguish the lesicns from similar defects seen in
vibration trauma. [n retrospest, Smimove's obsarvations are the earlies: descriptions of
the full range of symptoms wiuch much later became known a3 ‘the syndrome of oc-
cupauonal acrcosuwolyas’.

In 1963 Suvi et al. (see also 1967 and 1975) publithed the first comprehensive
analysis of their obmvation of a multiform symptomatology in subactue and chronic

060318
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ic, and histomorphalogical aspects of the lemons encountered in subjects chronically
exposed to VCM. :

3 VCM intoxication. During a 4-year period, they examined 168 mostly young workers The disc.
%, b from two Rumanian PVC-producing planis who had not previously been employed in two Belgian ;
-t other industries. In their classic paper, the guthors described in detail the various cen- clasafiable d.
: T tral nervous, digestive. angioneurotic and cutaneous symptoms (listed here in their marked the r.
. § onder of manifestation). Acroosteolyns. however, was not mentioned. Episodes of fyndrome we
e acute overexposure (usually occurnng at the end of a batch run, duning retrieval of yeara numb-
iy unreacted monomes, or at repair jobs) rapidly resulted in a state of light-headedness United Siates
paroy and transient euphonia similar to a muld degres of inebriety and were accompanied by cases of DAC
H/ L4 a feeling of heaviness in the legs and disturbed locomotor coordination. Several workers the vanous pi
o claimed to have been abie to identily escaping monomer by its faint but agreeable end of 1979,
odour. Apparently during periods of particularly high ambient concentrations, workers vaszulat phen
: 3;"4: repeatedly noticed formication in the lower limbs and a general feeling of bodily symptoms th
o $ warmith. Six subjects had experienced loss of conscipusness when repaiting leakages. begn wath ill.
e 3 but recovered rapidly after being camied out into the open air, After a few months of the fingers an,
= H work. unusual fatigue and sleepiness set in, there were complaints about persistent tips on hard »
P ) somnolence, even outside the work premises. and 3 tendency to fall asleep at the work to cold sccon
D ek ¥ place, particularly during nightshifts. In addition, headache, dizziness. irntability, are likewise 3
%._}?5: blunting of memory, paraesthesias, and general weakness were reported: some workers ance of paini
s ,'1‘5:‘; noticed insomnia or sieep reversal. : osteolytic pr.
a2 B A reappraisal of these nonspecific complaints (see also 1'a/e et al. 1976) 6 years with stration
3 ;IQ‘ later, after improvement in industrial hygiene, revealed that the frequency of their oc-
% currence had considerably decreased (Suciu et al. 1975). Following a prolonged penod
w of repeated overexposure, vague nonspecific digestive symptoms also developed. such Table 8. Pub),
b ~r s as anorexia with ensuing weight loss. nausea, fullness. upper abdominal dissomforr,
. bloatng and epigastric pains. Enlargement of the liver was found in 51 workers (307); Year
. ,qj: in 67 there was also splenomegaly. Classic Raynaud’s phenomenon was found in 6%,
: ﬁ."&g 3 but 3 tenfold higher percentage of the total wotk force showed evidence of vasospastic 1966
: i alterations on plethysmography (Raucher et al., cited by Suciu et al. 1975). Prunitus 1967
vy of the hands, forearms and face was an early complaint followed later by what was 1967
‘ g theought to be (allergic?) *contact dermatitis”; finally. nodular and scleroderma- or 1967
L 25 s scleroedemadike cutaneous lesions deveioped in some workers, involving the dorsal '35;
- *’; surface of the hands, the volar side of wnsts and forearms and the face, with firm : 9:9
1&?: thickeming of subcutaneous tissue or formation of whitish papular or slightly elevated 1971
i —-;i plaquelike indurauons. The cutaneous manifestations iargely disappeared after removal 1972
] if ¥ from the work place. In addition, menton was made of features of hypothyroidism in 1972/1973
: f..,‘-;E a few workers. Also, transient loss of libido in 24% was recorded, with return to nor- 1973
RS mal after 3 break from work ot during holidays. 1973
IET] With the exception of acroosteolysis and the two most alarming late sequelze - 1974
N noncirthotic pontal hypertension and hepatic angiosarcoma = Suciu’s early documen- 19758
il tation of the prevalence of disease in PVC production workers encompassed 3 com- ‘;:’,5
Jiae paratively complete description of the various aspects of chronic VCM intoxicauon. 1976
Later publications supplemented the spectrum of knowledge mainly by providing ad- 1978
ditional information on 2pidemiological, roentgenclogical. thermographic, angiograph: 1979

3 Oneot 2l
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The discovery of unusud) ostenlytic defects in the Jdistal phalanges of the hands of
two Belgian autociavs gleaners who had suifered from Raynaud's phenomenon and un.
clazuiiable degencrauve lepons of the dermal connectrve tissue (Cundicr ¢1 3. 1966)
markes the resogtion of this new occupauonal disease in the Western World, Tie
syndrome wa termed ‘ocsupatonal acroosteniveis’ (OAOL L and dunng the followtng
y2ar 4 numbey of aJditional vases were reported from France, Great Britain and the
Unmited States. Lacar Lesérre (1972) who togrther with Condicr descnbed e fiest two
cases of DADL, reponmed that 3 subsequent mvestigation teveaied another "en cases in
the vanuus plants aitlliated to the same corporation in Spain, ltaly and Brazil. By the
end of 1979, 3 total number of 126 cases had been published in detail (Table 8). The
vascular phenomena preceding or accompanying OAOL comprise 3 broader range of
symptoms than those characteristic of Raynaud's syndrome. The condiuons serms to
degpin with idl-defined pans in fingers. wrists and 2ls0 large joints (shoulders, knees):
the fingers are aumb and tingling. tender on palpauon. handgnp and wupmng finger
1ips on hard sumiaces 15 puniul; there is increasing senmtivity of the hands and fingers
to cold accompanied by a tendency to cyanoue discolouranon. In some cases, the toes
are Jikewise aitected. Later, classic Raynaud's phenomenon develops (sudden appear-
ance of painiul. sharply demarcated blanching) and. concomitant with the onset af
osteviyac processes. there is a shortening and broadening of the rermunal phalange
with striation of nals (pseudodiubbing).

Table 8. Publications on ‘Occupanonal Acroosteolysis’ since 1966
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Year Country Number Authors
. of cases
196 Belgium - Contier ¢t ai.
1967 France s Benoir; Chatelan and ordlon
1907 France S Boumnchon (cited by Menn ¢t o, 196T)
19647 United Kingdom 2 Harris and Adams
1987 UsSa N Wilson et al.
1969 Rumania 2 dnghelescy at al.
1969 Yugoslana ] Lovedaral.
2| UsSA r'y Dinmen et al.
1972 Usa 2 Markowrrz et al.
1972/197  Fed Republicof 6 Jike and Veltman: Stein et al. (2. b)
Gemmany
1973 Japan | Takeuchi and Mabuchi 2
1974 France 4 Moulin et al.
1974 usSa 1 Trapp et al.
1975 usa 4 Liliz wt 3.
1978 United Kingdom ) Stewsnrr et al.
1976 United Kingdom 4 r;n’ro: et 3..: Walker; Mitchell Johnsron
1978)
1978 Brazil s Gemes and Meire
1979 bsrael 2 * Hehn et al,

o

2 One or 2 clear cases. 10 addition, 38 suspected caws isee Sakabde 1975)
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3 . R : W.K. Lelbach and H.J. Mazsteller
4.).1 Familial and Idiopathic Acrocsteolysis

Acroosteolysis is 3 very rare disease. The setiology and pathogenesis of this condition
is still obscure. Osteolytic bone changes in late stages of so-called Raynaud's disease
(accompanied by necrosis and gangrene), characteristically presenting as loss of pan or
of an entire distal phalanx of one or more fingers and blso of toes, have been mention-
ed in the literature since 1921 (Asonann 1921 . onahan 1926: Borak 1927: Komblum
1929). Kornblum attributed the lytic bone defects to vascular abnormalities and noted
that he had found identical lesions in early stages of scleroderma and in leprosy. The
term acroosteolysis was first introduced by Laroche and Hochfeld (1948), who held a
neuroendocrine syndrome responsible for the lesions. Independently Harmasch (1949)
reporied another case of symmetrical idiopathic acroosteolysis, particularly involving
the terminal phalanges of the fingers with preservation of tufts, progressive clubbing
and shortening, and ill-defined symptoms of disturbed peripheral cireulation. 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 eases, but his case reports pertain almost exclusively to mutilating proces-
ses involving only the feet, with recurrent ulceration and discharge of bone fragments
(see also Harms 1954). In 1957 Lidvre and Gama listed 16 observauions of idiopathic
acroosteolysis and commented extensively upon these lesions: the whole range of dif.
ferential diagnosis (various congenital, neurogenic and endocrine osteolytic diseases.
leprosy, anthritis mutilans, progressive svstemic sclerosis. ainhurmn etc.) was considered
in their study and could be rejected with reasonable certainty, In a later review,
Cheney (1965), who added another four gases 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 a degenerative bone process more generalized than the term
fmplies. 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 autoclave cleaners (Lefévre
1972).

412 Epidtmiolo;y of Occupstional Acroosteolysis

Attempts at assessing the prevalence of OAOL among personnel involved in VCM
manufacture and polymerization revealed that in general this occupational type of
osteolytic bone lesion was found in only 1%=3% of the work populstion at risk.
Hubler er al. (1977) considered the fact that only 3% of all workers who had been
engaged in manual clesning of autoclaves at a Belgian plant sufered from OAQL and
Raynaud's phenomenon to be indicative of the importance of individual factors.
Wilton et a). (1967) observed 31 cases among 3000 employees of one large company.
In 1971 Dinman et al. eonducted 3 survey in 32 plants belonging 10 19 corporations
throughout the United States and Canada. The details of this elaborate epidemiologi-
cal study, comprising a total of 5011 employees, illustrates the difTiculties and limita-
tions encountered in a retrospective study of this dimension. All of these 501 ) worken
had been engaged in various stages of VCM and PVC manutacturing. but 1257 of them
were workers who only handled finished PVC polymes. Five of the 32 plants worked
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exclusively with the finished PV'CJerived consumer products. Dimnan et 3. found
only 2§ dear~ut eases of OAOL among the 501 ] emplovees (mean age: 35.5 vean),
defined a3 charactenstic X-ray film abnormalines combined with Raynaud's pherom-
enon: 18 o them had been reactor cleaners at some time: another 16 mdivnduals (10
with expenence in reactor cleaning) with early stages or minmal degrees of the svn.
drome were suspected of suffenng from QAOL. [t eme:ged that the rwo lowest-paid
obs. doth reactor eleaning and bagging paciung, had 2 strong assosanon with OAQL
1} zase per 72, or 86 workers at risk. reszectively ). Mampulation of the fimshed polymer
appeared not to be axsociated with a risk of contracung OAQL. Oniy § ease of OAQL
was detected ip those plants where high-pressure water lances or solvents had been in
use for reactor cleaning. Furthermore, it seermed that the extent of Jegassing pnor 1o
entry into the autoclaves correiated with the manifestation of the disease.

Table 9. Prevalence of acral disease in VCMexpowd popularions

Numtber of cases

Size of Classical Severe Selero-
goup -Raynaud’s santviny dermowd
County  atnsk OAOL  phenomenon to coid skin [emons References

Franes 130 5 1s 15 ) Benor 1967

UsA 35 4 =0 63 23 Lilis et 3L, 1975

Canted by 1 5 ] 4 Walker 1976
Ringdom ’

Fed Rep. 100 9 9 33 10 Lange and
Cermsany Veleman 1977

Unied 104 1 25 - 1 Mancq et al.
Ningdom 1978

Total 728 20(N3T) TUSKT 1IN 167 X6

More commonly seen thar OAOL were Raynaud’s phenomenon (see Table 9) and
elated symproms of abnormal peripheral circuletion (Benour 1967 Lilis et al. 1975:
Lange and !elrman 1977). Benoir pointed out that a complete medical and toentgen-
ological check-up of all 528 employees at a French PVC.producing plant revealed
pathological manifestations anly among the group of 130 reactor leaners of whora 33
were affected (OAOL. 5: Raynaud's phenomenon without OAOL, 12: sensitivity to
cold, 15 workers). He stressed the fact that in this group of workers at risk the overall
morbidiry was almas 287, Simiiar results were obtained by Lilis et al. (1975), who
found classic Raynsud's phenomenon in §.6% of 354 heavily exposed PVC workerns,
aumbness and tingling in 24%, excestive sensitivity to cold in 18%, pseudociubbing in
8.7 and involvement of the toes in 7%, Besides, in 26.6% of the total an abrormal
Allen test indicated impaired pesipheral amerial circuiation. It was noted that in some
people with past exposure Raynaud’s phenomencn had gradually faded, whereas
pieadociubbing persisted or even progressed. Most important, however, was Lilis*
finding that the prevalence of all these abnormalities increased sigrificantly with the
durauon of past exposure to VCM.
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36 W.K. Lelbach and H.). Marsteller

Occupational acroosteolysis is 3 condition predominantly observed in younger
workers. The age ange was 2035 years and half of all cases reported fell in the 30-39
years agegroup. Duration of VCM exposure prior to onset of Raynaud’s phenomenon
ranged from | to 23 montls (Dudson et al. 1971). For OAOL the latency period was
at least 12 months (Wilson et al. 1967): in most cases. OAOL developed insidiously
within 2 to 4 -6 years. There is at jeast onc patient on record in whom OAOL was first
Jdiscovered two years after termination of exposure (Benoir 1967). Longitudinal studies
of the bone iesions demonstrated partial or complete but mostly detective restitution,
resulting in shortened and deformed distal phalanges, within 2=3 years after removal
from VCM exposure, but Raynsud's phenomenon and cutaneous lesions may persist
(Williams and McLachign 1976). Stein wt al, (19732, b) reported partial healing with
restitution of tuits 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 ob-.
strved in apsociation with other job assignments which were believed to carry a sub-
stantially lower risk of exposure. Trapp ¢t al. (1974) reported a 31.vearold white male
suffering from Raynaud’s phenomenon, clubbing of the fingers and typical bilateral
acroosteolysis, in whom specific inquiry revealed that his employment by an industrial
chemical company had included daly handling of small concentrations of viny! chlo-
ride (no details given). Typical OAOL was also observed in a worker after 6 years' em-
ployment as spray dryer/bagger, pre-mix operator, recovery and charging operator who
had never cleaned autoclave vats (Stewert et al. 1975). According to routine plant

" monitoring 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 during an
earlier survey of OAOL were normal;in 1972 he presented with Raynaud’s phenom-
enon, pseudoclubbing, typical OAOL and dermal thickening of hands and wrists. Ar-
teriography demonstrated nasrowing of most digital arteries, even in fingers without
bone defects. and abnormal collections of small vessels in the pulps of deformed
finget tips, but no vascular occlusion.

Apart from the chemical insult by inhalational (rather than transdermal — Dinman
etal. 197):Srewarr et al. 1975) exposure to VOM, individual susceptibility or idio-
syncrasy appears to have played some (undefined) role in the development of the syn.
drome. It does not seem likely, however, that repeated physical microtrauma dunng
cleaning operations (removal of polymer crusts by hand scraping or chiselling) was 3
decisive factor in the pathogenesis of the condition as had been speculated by Wilson
eral. (1967).

4.13 Clinical and Roentgenological Features
4.1.3.1 Occupational Acroosteolysis

In the majority of cases osteolytic lesions are confined to the hands. Involvernent of
the feet was observed only rarely in OAOL. Wilson et al. (1967) belicve that OAOL
differs from familial or idiopathic acroosteolyss in several respects. Although the bone
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Jefzcts in the distal phalanges are similar in both conditions, other features. such as
OStEOROTOUC COMPrEsHION Sractures J1' the spine. dasilar impression fragture o the
skull. destruction of mid-phalanges or osteosclerotic changss of wrists and hand bones.
shorterng of mefacarpa’s and corucal thickening of the shasts of long bones seen in the
nono:susanonal rvpe have never been found i OADL. Wifson 1 al. worked out roen:-
genological vntena for the diagnoss of QAOL:

1) T earliest changes in OAOL are marginal defesns 3ad lo7s of sartex in 1uits of
one or more of the termunal phalanges of the hands.

2) In the next stage this is folowed by small *hali-moon’ cuts in the sortex of the
tufts, or a so-called dice «ffect slong ons ot more tufts.

3) The advanced stage of destruction is characterized by either 3 comslete loss of
tufis together with a poruon of the shaft or there may be transverse or oblique bone
desects (see Fig. J) cutting off the shasts from the remaming distal rim of the tufts
(dandlike acroasteoiysis’).

Fig. 1. Occupational scroosteolysis. Transvene or oblique bone defecss (*dandlike
acroosteolyns’) or parnal loss of terminal phalanges in all fingery of both bands. (32
year<ld sutoclave cleaner: duration of exposure 2 1/ years)

4) In the healing stage there may be either complete bony union with shontening
and broadening of the residual parts of the end phalanx or 3 fibruus union of bone
fragmens. Fiagenips remain short and plump with persistent clubbing of soft assues
and ingreased lateral and longradingl curvature of Sngerips.

Sodium fluoride ' *F scintiscan data of affected bores suggested that active de-
minenalizauon (resorptive) and remineralizaton (reparative) processes may ocot i
multaneously even in the same hand (Douson et al. 1971). [n some cases. bones of
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other body regions were also involved. Erosive and sclerotic ehanges in the sacro-iliac
joints and circumseribed resorptive defects (ortical erosions) in patella. clavile. man-
dible. humerus, styloid process of ulna. femoral condyles, o calcis, cuneiform and
metatarsal bones have repeatedly been observed (Condicr et al. 1966/ urms and Adoms
1967 . Dodson et al. 1971 Jihe et al. 1978 ; Lange et al. 1974a; Presron e1 al. 1976:
Jayson et al. 1976a; Lange and Veltman 1977).

4.1.3.2 Pseudoscleroderma

Concomitant with the manifestation of paraesthesias, pain, tenderness of the fingers and
Raynaud's phenomenon, cutaneous lesions similar to sigmata seen in progressive scle-
roderma develop with thickening of the skin of {ingers, hands and forearms, someumes
accompanied by swelling or puffiness and coarsening of the skin of the face (mostly on
the forehead and cheeks). Raised, ivory-coloured, firm nodules or elevated, sharply de-
lineated plaquelike skin 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 s search for other
symptoms of progressive systermuc sclerosis in affected workers. The syndrome of
OAOL. however, can be clearly distinguished (Table 10), Notably. the diffuse immobil-

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

Occupstional AOL Progressive scleroderma

Sex ratio Exclusively 2 e =12

Hands Clubbing and shortening - Atrophy and tapenng off
of finger tips; hyperhidrosis: of fingertips: anhy drosis:
no ulceration ulcerative lesions

Penoral puckering of skin  Not observed Common
Skin appendages Preserved Loss of skin appendages
Telangectases . Not observed Common

Shortening of frenuium Not observed Early symptom

Subcutaneous deposits Not obsenved Common
of calcium salts

Dysphagpa (oesophageal Not observed Common
involvement)

Renal. cardiac and Not observed {Common)
intestinal involvement
Occupational history Obligatory -

Prognoss Favourable (skin and bone Usually spontancous
lesions tend to heal after progression
removal from exposure)
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inng sclerosis of the skin with tapermg off of fingertips was never seen n the ocsura.
uonal syndrome. After cessation of exposure the siin lesions seem to regress more
readily than the osteolytic changes.

3.14 Histology
d ;4.0 Cutancous Lenions

Several investigators described the histomorphology of skin lesions in vinyl cidonde
disease (Condier et al. 1966: Harris and Adams 1967 Marn et al. 1967; Markowir: et
al. 1972 Lange ez al. 1973a; Velrman et al. 1975, Walker 1976 Hulin ¢t al, 1979), but
we found only one description of bone histology in OAOL in the literature (Benout
1967, Marin e1 al. 1967). Skin biopsies showed various degrees of dermal. vascular and
neural changes which were essenpally identical in pauenss showing OAOL 3ad in those
who susfered ‘merely’ from Raynaud’s phenomenon.

Dermal changes consisted of hyperkeratosis and pronounced thickening of the des-
mis with disonentation. swelling and nonfibrillary eosinophlic homogenizanion of
broad interlacing collagen bundles. There was some degree of interstitial sedema which
fantly stained metachromatically with toiuidine blue, alcian blue and penodic acid-
Scluff (PAS). An inflammatory reaction with infiltration of lymphoeytes and a few
histiocytes was scanty and, if present at all, of predomunandy perivascular distribution.
The most notabie feature was marked disorganization, fragmentation and rareficauon
of elystic fibres. In areas corresponding to nodular or plaquelike skin indusarions. the

- full thickness of the dermis consisted of an aceilular, partly hyalinized coilagenous tis.

sue. Skin appendages were preserved, In 15 apparently less severely affested workers,
Walker (1976) found orly some destruction of eiasnc tissue of the derruy, probably
not exceeding normal age changes: in one worker with severe Raynaud’s phenomenon
some fibrous thickening of the media of dermal anterial was seen.

Vascular lesions aiected capillaries and small dermal arteries. Numerous dilated
capillaries were seen in the subepidermal papilae with swelling of endothelial cells
and pericapdlar oedema, Capillaries o the sutus showed cuitlike hy perplasia of pen-
thelial cells with fibroblast transformation, hyalinosis of vessel walls and final oblitera-
tion of lumina. Marled medial thickening of dermal anterioles, due to hypertrophy of
myoc\tes. was accompanied by parietal tibrosis and hyalinous, which ultimately led
to narrowing or even complete occlusion of the lumen,

Degenerauve lesions of small Jerma/ nerves were mentioned by French investigators
(Bernnr 1967 Mann et al. 1967 Charelain and Motilion 1967). They found sclerosing
hvalinos:s of the perineurium with atrophy of neurofidrils. Tactile corpuscles (Wagner.
Meusner, Pacni) were unaffected.

wl1.4.2 Bone Lesions

The most striking feature in 3 biopsy specimen of the bone. obtuned from a French
worker with OAOL (ease < of both Benoir 1967, Marwr et 2. 1967) was marked thick.
ening and hyalinization ef the penesteum with chondroid me:aplasia of the inner.
most laver. Supplying capillaries and anerioles showed occlusve changes ientical with
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o b those observed in the dermis. The bonc matrix pet se was barely affected. There was
Wi . 3 mimimal thinning of conex. normal spongy bone and only mild {ibrosis of the bone
-~ marrow.
"'\m,,;g..' 3 Exapenence with histomorphulugy vl bune lesions in the familial and idiopathic .
ﬁ‘% i tvpe of acroosteolysis is limited. In the fow eases where biopsy material could be ob- .
A Lary tained, there was replacement ol bone by nonspecific fibrous tissue, but inflammatory
by < and Jegenerative changes or osteoid formation were not found (Dupes et al. 1936
3 : Elson and Bumistein 1954 Greenbery and Streer 1957 Scliwarzwciler 1957).
¥ el In this context, it should be kept in mind that Violk succeeded in reproducing
g 3 dermal, vascuiar, neural and skeletal lesons in the skin of the paws and in small meta-
bl lon ; tarsal bones of experimental animals which were very similar 1o those obscned in mian.
' &": Viola exposed rats to 30 000 ppm VCM. 4 h/day. 5 davs/week. for 12 months and de-
ity LY scribed the histology of these lesions in detail (1970b).
- ’ " [t
p iy Q}‘* 4.1.5 Artesiography, Capillaroscopy, Infrared Thermography
VL
B b Arteriographic evaluauion of the vascular tree of the hands revealed patency of the
'-v-.'- -y large arteries in all cases examined. Thie vascular lesions were almost invariably con-
St qé-;r: fined to the small digital artenies. although the superficial and deep palmar arterial
R, 2% ,;\E arch may oceasionally show some narrowing and a paucity of side-branches (Langc et
g vi \k;_v,:.-ﬁ al. 19743; Muudin et al. 1974). The most promunent arteriographic features were ir-
B g R § regulanities and segmental stenosis of digital arteries. ranging from localized or diffuse
° ¥ narrowing to subtotal or even total occlusion with Jevelopment of collareral vessels. St
=T Besides. a conspicuous retardation of flow of contrast medium was noted. and peculiar vations
R S Y tortuosities of patent digital arteries were found. Circumseribed hypervascularity of Gngers
3 { the termunal tufts and in the region of the wrists was noted in some cases {Benoit eda \;:
B a0 1967: Lange et al. 1974a: Velrman et al. 1975; Preston et al. 1976: Stewurt et al. lar ares-
RIS 1975: Gama and Meira 1978). Angiographic findings in a larger group of 19 symp- o
\ -&._‘«“{;‘ tomatic PVC workers with either Raynaud’s phenomenon and/or acroosteolysis (519) ferent
& 'ff . were recently described in detail by Koischwirs et al. (1980). Raynaud’s phenomenon larosco
£ = had been observed to pertist in these patients for prolonged periods after ternunation eom.rol.
R "%g of exposure and even sfter roentgenological evidence of healing of resorptive bone ence in
FEy- AL defects in those who had formerly suffered from acroosteolysis. In addition to vary- PVC w.
N y- s ing degrees of stenosis or occlusion of digital arteries with reopening of small collat. of distu
%, {g’;&‘j eral vessels. acral hypervascularity and considerable retardation of perfusion in spite induce..
g ; of premedication with tolazoline (Priscoline, United States). the most conspicuous Asi.
JEN 12 features observed in the majority of these patients (13/19) were circumscribed elonga- aPVCy
, T tions and tortuosities of digital arteries resembling cirsoid aneurysms. An example is ehenuc:
3 shown in Fig. 3 of generalized tortuesity and elongation of digital anenes in 3 4. pormal:
g A 4 year-old patient who started to complain of severe sensitivity to cold 3 years after was con:
4 ,f, 1*;.' cessation of VCM exposure (about | year prior to death {rom both angiosarcoma of numbes
f _‘;-é;' 1{_ 4 the liver and hepatocellular carcinoma). The pathopenesis of these peculiar vascular employ
Rtz alterations is not ¢lear. but the possibility presents itself that they may be due to de- related
a7 T struciion of elastic fibres in the vessel walls in analogy to similar alterations of digital 1t also s
et artenes seen in rheumatoid arthritis (Lews 1 al. 1963, 1067). more s
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Fig. 3. Convprcunus turtuosities and glungation of digiial arterics

Studies of microvascular changes by wide-field capdlar micmscopy (direct obse:r-
vations complemented by photography) of selected skin sites — such as nzil foids,
Gin.gerpads. dorsum of phalanges and of proxumal interphalangeal jounts — demenstrat.
¢d 3 vanety of capillary abnormalities, i.2. dilated or gian eapiltary loops, pale avascu-
far areas, capiliary and subungual haemorrhages. The abnormalitics were sumilar to
those seen in scleroderma but were usually le conspicuous. lets numerous and of dif-
ferent distribution. In a survey of 3 group of 152 Ameritan PVC workess. these capil-
laroscopic findings proved to be significandy more prevalent than in S0 nonexposed
contro] subjects (Maricg ot al. 1976). There was aiso & statisticallv significant difTer-
ence in the prevalence of these abnormalities between symptomatic and asympromatic
PVC workess, The alterstions were not only found in workers with clinical symptoms
of disturbed acral circulation but also in 6§ nonsymptomatic males with either VCM-
nduced angicsarcoma of the liver (2) or spienomegalic portal hepatic fibrosis (),

A similar survey was later undertaken in an unselected sampie of | 29 empioyees of
aPVC.producing chernical plant in England with 26 employees of 3 non#VC-produang
chemical plant scrving a3 controls (Maricg et al. 1978). The prevalence of capillary ab-
aormalities found in these British workers, which were of the same type and degree.
wn comparabie 10 that in the American sample, although the latter included a Larger
aumber of more severely affected symptomatic patients with greater mean length of
employmaent (15 years w5 3.5 years). In the authon’ opinion, this supgested that VOM.
related disease may deveiop independently of differcnces in manufactuning procedures.
It aiso suggested that this easily detectable type of microvascular lesion may precede
more senous VCMainduced disorders. In a small subgroup of 1§ elinically affected
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British workers who were examuned 6~24 months atter leaving the plant (termination
of exposure), the prevalence of capillary abnormalities was not less than that among
those who continued work. For an evaluation of the revensibility of this condition,
however, the group was considered to be too small. The same tvpe of capillaroscopic
changes was also observed in three of 4 Polish workers (2 reactor cleaness, 2 fitters)
who were found 1o suffer from Raynaud's phenomenon after exposure for 2-5 years
(Byeckowske and Langmrer-Lewowicke 1974),

Infrared thermography. another non-invasive method, used by Ro:r et al. (1974)
for the study of acral circulation, revealed abnormalities of surface remperature rang-
ing from marked hypothermia of terminal phalanges (which are normally warmer than
the rest of the fingers) to “sompleta terminal amputation™ in four PVC workers suf-
fering from OAOL. In one of them vascular disturbances as evidenced by infrared
thermography persisted in spite of complcte healing of OAOL. Stewarr st al. (1975)
demonstrated uneven blood flow in the fingers and patchy hyperthermia in the dista!
part of the OAOL affected left index and middle finger of their atypical case. Local.
ized acral hyperthermia seen on IR thermography comresponded to the anpographuc
finding of circumscribed abnormal collections of small vessels (compensatory collat-
trals?) in the pulps of the affected fingers. Using IR thermography in 8 survey involv-
ing 143 PVC production workers and 56 controls, Willioms et al. (1977) assessed the
time needed for heat return after immersion of one hand for 10 s in 8 water bath kept
8t 19°C: however, no difference between VCMexposed subjects and contsols and be-
tween groups within the exposed population was noted.

4146 Immunological Studies

Early experience with the syndrome of pccuparional asroosteolysis suggested certain
similarities between this disorder and corresponding lesions seen in progresmve systema:
sclerosis (difTuse scleroderma). Differential diagnosis of these two unrelated conditions
i now well established /Teble 10). Such similarities stimulated the search for other
manilestations of a sy~.-mmic collagen disease, notably immunological features, as pro-
posed by Morin et al.in 1967, Ward et al. (19763, b) carried out immunolopical studies
in 58 workers from 3 British polymerization plant who were referred to them out o' a
total past and present work force of 320. Mean duration of exposure to VOM w3 39
months (6=75 months), Of these 5B workers, 28 were symptomatic (Ravnaud's phen-
omenon. 9: scleroderma of hands or feet, 6: OAOL, 2; sengitivity to cold, excessive
fatigue, limb pain, paraesthesias). Slight hyperimmunogiobulinsemia, usually 153G, the
presence of mixed cyroglobulins. and in vivo conversion of both C, and C, were
found in 19 patients in the symptomatic group, with additional evidence of reduced
T«ell population and increased B.cell pmliferation. Mixed eryogiobulins. in vive con.
wersion of complement and depressed values for Cy or C, were taken a3 evidence for
the presence of circulating immume complexes. Autoantibody sereening Jemonsirated
low-titre antinuciear antbodies (IgG 1/20~1/50) in eight of the nine patiens with
Raynaud's phenomenon. Aggrepates of IgG, C, . Cy. and fibrinogen/fibrin were reveal.
ed by direct immunofluorescence in the lumen of vessels, sdherent to vascular endo-
thelium. Aggregates were similarly seen in the media and subintimal regions of small
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and medium-ized arterioles in biopsy specimens of the skin (10 easas), muscle and
lung ¢ case each). .

The suthon proposed 35 explanation for the induction and pathogenesis of skin
and done changes in VOMainduced diseas: 3 theorenucal model based on regsuve mea.
bolic intermediates of VM formed during biowransformation binding covalently to
plasma proteins. These may act a3 anugens (as & result of 3 structurally abnormal protein)
wiuch sumulate Baeil prolifesation and anubody response Platelet agpregation. vas-
cular oeclusion and ischaenua were thought to be secondary to cumplement act:vation
a3 2 result oF formacion of immune complexes which were implicarsd as possibie medi-
ators of ussue injury. Ischaenua, in tum, by leading to collagen syntheus, was believed
to further activate the compiemnent pathway and thus to recycle the mechanism.
Juvson et al. (1976b), who carned out collagen studies in a skin biopsy of one pauent
suifering from OAOL found the rate of collagen synthens to be considerably higher
than in normal controls. The pathogenesis of excess collagen formanon in vinyl chlo-
ride discase has not Seen fuily elucidated.

In an earlies study no cryoglobulinaemia or presence of cold agplutining wes found
in four Polisit workers with severe Raynaud’s phenomenon: in two of ther 3 slight
decrease in IgC was nowed (Bvezkowska and Languuer-Lewowicka 1974). Later. how.
ever. Langauer-Lewowicke et al. (1976) obsetved laten: oryoglobulinaemua, detectable
arter Sephadex G-200 flitration, in 18 of 22 workers with Raynaud's phenomenon (in
6 together with acroonteolyns and scierodermalike changes). Agan, there were no coid
aggiutinins detectable, but in five patients marginal 1o light elevations of IgG levels
were observed The authon sugresied that 3 patholopeal alteration of immune re-
sponses plays a key role in the pathogenesis of vinyl chloride disease. Lange ot al.
(1974a) and Velrman et al. (1975) concluded from their results that convineing evi-
denze of autoimmune discase was lacking. Immunoclogical studies including determina-
tion of rheumatoid factor (latex sggiutination test), quantitative immunoglobulin de-
rermination (Manzini radial diffusion technique ) and sutoanabody screening (indirect
fmmunofluorescence) were mitially introduced in our first series of 50 patients but
were later abandoned because of mostly negative results, except for oceasional in-
ereases in immunogiobulin levels (Marsreller ot al. 19752), Thes studies were Later

taken up again with an additiona! 43 patients engaged in PVC production but still fail-
ed 10 suggest more than an errauc connecton (unpublished data). We did not observe
hypergammaglobulinaesnia (see comment in Ward et ol. 19762) except in 3 few pavens
with far advanced portal fbrosis and portal hypertension and in the terminal phase of
three patients who died frem angiosarcoma of the liver. In a group of 18 ?VC workens
with Raynaud’s phenomenon in whom aneriography of the hands disclosed various
Jegrees of occlusion of digital anterics, autoanubodies, eryoglobuling and eold aggluti-
nins were found in aone:a moderately incressed 1gG level (1.93-3.68 g/litre; normal
range: X 29908138 gflitre) was seen in five patients who suffered from QAOL and
sclerodermoid skin changes (unpublished data). Elastin antibody titres (the specificity
of which is doubtful) were negative.

In sumrnary, currently svailabls evidence does not seem sufficient to suggest an
sutdimmune disease 23 a pathopenstic mechanism, Further studies will be nesded to
enzbiish the wrue significance of the paaibly transient immunclogical abnormalities

m VCMinduced disordess.
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44 W.K. Lelbach and H.J. Marsteller
4.1.7 Pathogenetic Considerations

Raynaud’s phenomenon a3 3 premonitory elinical symptom, histomorpholopy in man
and experimental animals and angiological expenience sugpest that the common de-
nominator in the pathophysiology of both skin and bone lesions in chromic VCM in-
toxication is probably to be sought in the local impairment of blood circulation in
peripheral regions, s Benoit pointed out as long ago as 1967, By reason of 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 (Gama
and Meira 1978). Yet the answer to the next question, the pathogencsis of peripheral
vascular injury in vinyl chloride disease, is unknown. [t still remains largely a matter of
conjecture how a volatile toxic compound that is taken up via inhalation, distributed
throughout the systemic circulation and metabolized (bioactivated) in the liver, can
bring about, apparently only in a small number of predisposed individuals, after g vari-
able period of latency severe vascular injury and (probably secondary) damage to peri-
pheral tissue. Some conceivable mechanisms are briefly listed in a previous chapter (see
Sect. 3.4.2.2). but no conclusion can be drawn a3 to their relative significance.

4.2 Non-malignant Liver Disease in Viny! Chloride /Polyvinyl Chioride
Production Workers

Long before Raynaud’s phenomenon or osteolytic lesions were observed in PVC pro-
ducnon workers. Trabuk/ et al. (1949) studied environmental conditions in 3 Russian
plant where polyvinyl chloride resins were produced and compounded. Without going
into detail, the authors pointed out that moderate nontender hepatomegaly was found
in a larget porportion of a group of 73 workers (48 males. 25 fernales) mostly engaged
in PVC compounding; “anicteric hepatitis’ was diagnosed in 21 of them (15 &, 6 7). 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 volatile
compounds derived from halogenated aromatic hy rocarbons (such a3 chlonnated
‘naphthalenes and diphenyls) used as plasticizers responsibie 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 capacity.

Nonicteric hepatomegaly was again recorded by Suca et al. (1963) 14 years later
in almost one-third of the total work population (51 of 168 employees) of two Rum.
snian PVC-producing plants, including 10 cases with additiona! splenomegaly. Liver
biopsy in two of these workers revealed chronic hepatitis. Studying the prevalence of
temporary disablernent due to liver disease among 350 employees of the Sverdlovsk
plastics industry, Pushin (1965) found the highest morbidity among employees of the
PVC production unit, compared with other units engaged in the production of non-
PVC plastic materials; 170 workers of ancillary industries served as control subjects.
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The clinical sympromatology of = typically nonicteric = liver Jisease observed in as
many 35 157 of the zurrent work fore2 of the PVC production unut dunng a J.vear
survey was Joescribed s hawing been conuistent with the Jiagnusis of an insidivasly
developing chrome képautis. No iistelogeal data were avalable, however, and she true
<haracter of nonmalignans liver disesse found in these workers remained obssure.,

In 1972 Kramcr and Murchier exanned 3 group of 98 healthy male woriers who
had been rounnely exposed to VOM for periods up to 28 vears snd for whom sareer
time-weightad average exposure estimates were avadsble. It an atte::.pt to carrclate
snmronmental data and resuls of 2 medical surceillanee programme by means ol step.
wie multiple linear regression analysis. it emerged that bromsulphthalein (BSP) reten.
tion and, to 3 lesser Jegree, the icteras ndex were significanidy correlated with the
level of past exposure to VCM. Although no overt clinical disease was found in any of
the individuals studied, Kramer and Murciler congluded that exposure 1o VOM at
TWA levels of 300 ppm or more for 3 working lifetime could result in certain changes
in clinical laboratory parameters. As it later tumed out. slightdy to moderately increas-
«d BSP retention was the most consustently pathological test for VCM-induced liver dus.
ease (Marsreller 2 al. 1975a).

In West Germany the first cases of occupational OAQL were observed in 1972 by
dermztologsts in Boan (Jisic and Lange 1972: Juhe e1 8. 1973:Srem ot 2l §9732.b).
At first sight, the sympromatology appeared to resemble atypical progressive sclero.
dermu. Thus provoked a thorough search for manifestations of visceral involvement.
Progressive systemic sclerosis, however. could be excluded. On medical 2xaunation of
a first group of 13 polycieaners who were referred to the Department of Dermatology
{rom a nearby PVCproducing plant it emerged that 3 of them, who Jid not suffer
from either QAOL or scleroderma. had 3 history of ynheralded bieeding from oeso-
phageal varices due to portal hypertension (Ju/ic et al. 1973). Furthzr invesugation of
3 group of 20 relatively young PV'C production workers imean ape: 40 yeass). in whom
previous liver disease could be excluded, was carnied out in eollaboration with the
Medical Department. Peritonenscopy and guided liver biopsy were perivrmed in each
pauent and revealed varying dezrees of noneorhioric porval, pemisinusoidal and sub-
capsuler 1idrosis of the liver, with spienomegaly, thrombocytopenia and, less frequent-
Iy. marked portal hyperrension. but stnkingly little hepazic dysfunction (Marstelicr et
al. 1973). It was now realized thar the disease spectrum in VOMexpused individuals
encompassed 3 larger scope of injuries and, in fact, suggested a systemic toxic effect,
Hence Ji/ic et al. (1973) proposed the term “vinyl chloride discase’.

In retrospect, this comparatively late recognition of the true aature of liver and
spieen alterationr in chronic VCM intoxication can be attributed. at leas: in part. to
the long latency penod as well a3 the insidious onser and course of this type of liver
disease which is sccompanied, sven far into the advanced stages, by only minimal
hepatic parenchymal dysfuncticon.

Only 3 months later, howaver, in February 1974 the significance of this discovery
was wrpassed by the alarming annour.cement that four cases of angiosarcuma of the

irer. an exceedingly rare malignant tumour. had been found among 3 comparatively smail

work force of 274 employees of the PVC polymerization section of a large North Amer-
jean plant (Creech et al. 19743). Twe of these four patients had It presenced with
upper gustrointesunal bleeding due to portal hypertension between 1964 and 1970.
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There ix no longer any doubt that chronic expusure to vinvl chloride monomer can
produce two different types of liver disease 1n man as well a5 in expenmental amimals:

1) Noncirthotic portal hypenension

2) Angiosarcoma of the liver.

The two conditions have one feature in common: they are both rare disorders ¥
which are not easily recognizad dunng life.

Noncirthotic portal hypertension and (often inconspicuous) portal fibrosis are not
pathognomonic. Primary spienic enlargement and gastroocsophageal haemorrhage due
to marked portal nypertennion in the absence of, or preceding, the Jevelosment of
cirrhosis was first described by Banei in 1894. As *Banti's syndrome’, thus symptom
complex and its aetiology and pathogenesis have eontinued to be 2 matter of debate.
Under the designation ‘idiopathic’, ot ‘primsry. portal hypertension’ the syndrome has
been observed notably in India and other South-East Asian regions (Ramaimgaswami
et al. 1962; /manage et al. 1962, Basu et al. 19672, b: Bover et al. 1967 Sema et al.
1971). It has been seen only sporadically in the Western World (Roussclor 1940 .
Ravenng 1940, Tisdalc st al. 1959; Polish et al. 1962 Miller and Brandr 1962 ; Siderys
and Fellios 1964 Mikkelsen et al. 1965 fber 1970: Escartin Marin et al. 1973,
Mendenhall et al. 1974; Grannis 1975 Villencuve et al, 1976). Iber (1969) estimated
that “centers throughout the world reviewing their experience with portal hyperien-
sion encounter 3 to 5% of patients who do not elearly fit into the category of currhosis
or blockage of the portal vein.” .

In the absence of an identifiable setiology it has been speculated that in noncirthotic
portal fibrosis obsetved 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
ansenicals, other still unidentified toxans could be the cause of this syndrome. ldio-
pathic portal hypertension has also been observed to occur in association with known
hepatotoxic agents, their common link with VCOM being. so far with the exception of
vitamin A, the induction of angiosarcoma of the liver. These agents are:

2) Ina.m'ani;: ansenicels (Zecyen et al, 1970: Neale and Azzopardi 1971, Knolle et al.
1974, Morris et al. 1974  Huer et al. 1975 ; Villencuve et al. 1976; Cowlishaw et al.
1979);

b) Hypervitaminosis A (Muenrer et al. 1971, Rusell et al. 1973, 1974 Hruban e1
al. 1974; Kisrier eral. 1977).and

t) Recently, copper suiphare in Portuguese vineyard workers (Pimenre/ and Menezes
1977).

Arsenicel preparerions (usually prescribed as Fowler's solution = potassium
anenite) have in the past bern used as 3 torue in neurasthenis, as an adjunct to iron
therapy for ansemia, as antiepileptic drugs and well into the 19503 {or 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 3 renowned German pharmacology textbook of this period (Vot/inagel and
Rossbach l.BlO) Fowier's solution is also listed as a traditional antimalanal drug of
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long standing. Chaimuvan and Virmnivarri (1979) recently implicated an indigenous
Thai medicine contaning arsenic 35 a possible astiological factor in 3 case vf idiopathic
porial hypertension. Darsz et al. (1979) found sigmificanly elevated levels of arsenic in
Lver tssue spezimens of four of nme Indian pauents with idiopatiuc portal hyperten-
sion resuiting from chronic arsenic intoxication teontzminated dnnking water, use of
Ayurveiic medicines). Typeally . liver disease 1n these cases occurs n conjunction wath
other evidense of chromc ansenic intoxication. such g sicn pigmentanon, palraar and
plantar hyperkeratons. skin cancer and scretimes carcinoma 7 other sites. Howeve:,
neither histolopcal nor raZiolopeal or haemodynaruc eniteria permit 3 ¢lear distinc-
tion between idiopathic' pontal hy pertension and noncirrhone pontal hypertension
saused by chronic anenic toxificanon or chrome exposure to VCM, as was Jemon-
strated by Villencuve st al. (1976) in 3 study of five patienss.

Afer prolonged treatment with excessively high doses of vitamin A (psonass.
ichthyosis and other dermatological condinons. adjavant canser therapy and in health
faddism) chronie intoxicaticn has been seen to cause hepatic fibrosis and cirthosis
(Muenter et 3l. 1971 Flerschmann et al. 1977 Kisrler et al. 1977, Russell et al, 1973,
1974). Storage of vitamin A in hepatocytes and one type of {3t stonng, nonghagocytic
pensinusoidal cells {{to cells (/to and Vemoro 1952)] could be demonstrated by fluo-
rescencs nucroscopy. Sumulauon and proliferation of [to ¢eils. whuch aze probably
fibroblast precurson (Popper and Udensriend 1970; Schnack et al. 1957), provokes an
tncrease in basement-membransdike matena! and sollagen witkin the pensinusoidal
spact and leads to perisinusondal fibrosis wnth partial obliteration of Disse’s spaces and
the unusoidal lumen (Hnwban et al. 1974).

The recognition of idiopathic porta hypertension. hepatic fibrosis, cirthosis and
angiosarcoma of the liver coexistent wath excessively abundant henatic depostion of
copper (besides evidence of vineyard spraver's lurg”) in a group of 30 vineyvard workers
in Portugal is. to our knowledge, the fisst repert in which cironic copper intoxicarion
is implicated a3 the aetiological agent. For periods varying from 3 to 45 yean, these
workers had been engaged in spraying vineyards with a mixture containing copper
sulphate on §5=100 days per year. The author noted a close morphological resem.
blance of the lesions to these resulting from exposure to inorgaric amenicals and to
vinyl chloside (Pimentel 3nd Menezes 1977). Although extrinnic chironic copper intoxi-
eauon is virtually unknown in man, potential hepatotoxizity of longcontinued uptake
of copper was discussed by Blomyiek! et al. in 1971 in eonnection wath recurrent
haemodialyns.

Although nonmalignant liver disease seems to be 3 more commeon lesion in PVC
production workers than anposarcoma. it has received less attention than the spectas-
ular discovery of tae rare hepatic neoplasm. Ia continuation of our {irst two surveys
(Marsrelier et al. 1973, 19754, b), we have now (end of 1580) observed |7 patients
(all members of a total work force of approxumately 180 polymenzation workers) in
whom clinical and morphological examunation, including petitoneoscopy and guided
fiver biopsy, revealed advanced portal hypertension (Table 11). A larg2r propornon of
them first presented with symptoms of unheralded gastrointestinal bieeding. On follow-
up. we srrongly suspected that anposarcoma was developing in four of them but were
unabie to prowe it during life. Only post-mortem examinanon tinally coniirmed the
Jiagnosis. In 3 smaller senes of seven pauenn with aencirrhotic poral fibrosis and
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Table 11, 17 PVC workers with adhanced portal hypertension marked vesophageal
vanues. episodes of upper Gl bleeding, splenomepaly )

Age at diagnosis Duration of exposure Pentonevscopic and
No. (years) {years.months) Bistological diagno<,
1 30 - 5 Nonarrhotic fibrosic
2 31 - 59 Nonairrhote fibrous
3 3 3o Nonairr! Mic fibrosis
4 35 4 Nonuirrhotiv fibrosis
5a 35 ] Nonsirrthotic fibrosis
6 3o 10/6 Noncirrhotic fibrosis
7 39 13/6 Noncirrhong fibrosis
8 41 7 Noncurhoue fibrosis
9a 41 18 Postnecrotic cirthosis
103 47 18 Noncirrhotc fibrosis
11 L0 6/6 Noncirthot fibrosis
12 LY | 17 Noaarrhouc fibrosis
13 %2 15/3 Noncirshotic fibrous
14 52 1 Nonuirrhoug fibrosis
15 54 6/6 Nonairehats fibrosis
163 58 21 Postnecronic cirthosis
173 61 13 Noncirrhotic fibross

3 On follow-up patients 5,9, 10. 16 and 17 subsequently Jeveloped angiowrcoma of
the liver and died 3 -6 years after diagnosis of portal hypertension. Patients 6 and
14 are at present (1981) under observation for suspected development of angio-
sarcoma of the liver, 6 and 11 years after penitoneoscopic diagnosis of portal fi-
brosis

associated portal hypertension, Smith et al. (1976a) observed later development of
anposarcoma in one of them. If a rough estimate based on these two small senes were
acceptabie, it would appear that approximately one of five to seven individuals suffer-
ing from advanced VCM-induced portal hypertension might be expected to develop
angiosarcoma later, although PVC-nduced hepatic fibrosis per se is probably not a pre-
malignant lesion.

4.2.1 Qinical Manifestations of Non-malignant Liver Disease

Physical examination is usually dissppointing. In the more advanced stages of VOM.
induced nonmalignant liver disease, palpable splenomegaly and a slightly to moderate-
ly enlarged liver may be the only physical signs. On palpation, we found hepatomegaly
in 31 and splenomegaly in 16 of 50 selected PVC production workers who had been
heavily exposed in the past (Marsteller et al. 19752), Lilis et al. (1975) reported hepa-
tomegaly in 15% and spienomegaly in 3 4% of 354 consecutively examined employees
(267 currently employed, 87 former workers) of one PVC polymerization plant in
New York State, USA, 3 number which included virtually the entire current produc-
tion work force. A significantly higher prevalence of hepatomegaly was found in those
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exposed for more than § years, whereas the Jdifierence in the prevalenee of paipable
splenomegaly was not significant.
In contrast to cirthosis of the liver. chinical symptoms indicaung senous impair.

_ment O hepauc function such 25 jgundice, vascular spiders, paimar erythema, wiarg-

££33505. A NAvcomasty, penpheral o2dems and aseites or hapatic encephalopsthy are
not seea. Even after massive biceding from oesophageal vances portosysternuc ence.
phalepathy does not deveiop. Ascites and hepaue coma have been odserved 1n those
workers only in tesmmunal stages of anposarconia of the liver.

It 1s puzzling that acroosteolysis and sciezodermond skun induration have only rarely
preceded advanced stages of VCMdinduced liver disease, To our knowledge there is
anly one case of angiosarcomna of the live: an record wiuch was assocated with prior
development of acroosteolvs (Roche et al. 1978).

422 Laboratory Findinp

Owing to the fact that hepatocytes. although being the primary site of merabolism, are
not the target of torucity, standard biochemical liver function tests are only of limted
value for the Jetection of liver disexse in populations at risk (MWilliams et al. 19755).
This miakes it very difficult to devise adequate screerung programmes (darnn et al.
1972, Creech and Makk 1975; Wyarr et al. 1975, Berk st 3l. 1975, 1976). Apan from
thrombocytopenia. we found 45-min BSP retention to be the most connstently patho-
logical binchemical test; usually munimal hyperbilirubinaemis and minor elevauon of
the levels of serum alkaline phosphatase. SCOT and SCG¥T were considerably less fre-
quent (Marsreller et al, 19752). Another dye-removal test, indocyanmune green clearance
(1CC: 05 and 5.0 my’kg), also proved to be more reliable than standard hiochermucal
liver functicn tests in correctly iden . ing early hepatic injury in 1200 vinyl chloride
workers of 3 chemical plant in Louisvile, Kantucky. during 3 4-year screening penod
(Tamburro et al. 1978b). Thie expor ¢ rank was found to be closely correlated wath
progressively increasing frequency o sbnormal 1CG elearance, whereas the {requency
of abnormal SGOT, and alkaline phorphatase only increased in late stages. often when
there was overt 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 correlated with the clinical symptom of hepato-
megaly and/or splenomegaly.

Except for thrombocytopenia (less than 150 x 10° plateletslitre) which Lange
and Felrman (1977) found to be present in 76 of 100 workers. and a dight increase in
the reticulocyte count (in 35 of 79 workerns, Lange and Velrman 1977), haematological
parameters usually 4o not contribute to the Jiagnosis. Thrombocytopenia was aiso the
presenting feature in two of seven British workens with noncirthotic portal hyperten-
sion (Smirk et ab. 1976s). Thrombecytopenia and abnormal platelet function tests will
be dealt with separately in Sect.4.4.1,

Assessment of udnary excretion of porphyrins and porphyrin precurnson in sympto-
matic workers who had been engaged in the production of PVC (n » 23) or the manu.
facture of PVC articles (n = 1 7) revealed varng but mostly mild degrees of secondary
coproporphynnunia in the majority of them (Lange £t al. 1976b), The significances of
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' these findings as an indication of toxic liver damage is not clear and the relation to
previous exposure 1o VCM remains to be determined.

4.23 Gross Inspection of the Liver and Spleen

The gross appearance of the liver, as assegsed by peritoneoscopy (Marsrelicr et al.
19753, b: Marsreller and Lelbach 1977 Lelbach and Marstelicr 1977 ) or at exploratory
laparotomy, is that of a normalssized or slightly to moderately enlarged organ with
often blunted and irregular anterior edge. Inspection of the liver at peritonegscopy also
permits exclusion of partial nodulsr transformation as described by Sherlock 1 al.
(1966). In most cases, the surface of the liver is smooth or slightly uneven with shallow
indentations, but it may be finely granular, trabeculated or have 2 peau d'orange dike
appearance. At most, there are micronodular changes but the diffuse coarse nodularity
of carrhosis is only rarely seen. Progression to frank cirthosis with severe derangement
of hepatic lobular architecture was observed by Srmith and Williams (1974), and also

in two of our recent cases in combimation with development of anpiotarcoma.

On palpation (direct or by pentoneoscopic probe), the texture of the liver is normal
or only slightly firmer than usual. Indirect peritoneoscopic evidence of portal hyper-
tension is presented by increased vascularity of the falciform ligament and the wtes-
tinal servsa or numerous dilated tortuous vessels in adhesions draining to the abdomy.
nal wall, Even in advanced stages, sympioms of pronounced portal hypertension often
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Fig. 4. Peritoneoscopic view of left hepatic Ioke in noncirrhotic portal hypertension
tJanuary 1979). Blunted antenor edpe, smoaoth to finely granular surface. conspicuous
patchy capsular fibroms. (42-year-old autoclave cleaner. VCM exposune 196374,
1973 thrombocytopenis as first sign. From 1974 to 1979, marked progression of
portil hypertenuon with splenomegsly and one eprode of blerding from ocesophagea!
vances.) See also Fig. 5 (patwent 6 in Table 1 1)
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contrast sharply not only with ntinimal alterations of the surface but also with unex-
pectedly scanty histolopeal evidence of hepatic fibrosis. The most conspicuous feature
is 2 focal or diffuse capsular fibrosis of varying pattern (Fig. 4). presenting as wiutish
opacities. The degree of capsular involvement ranges from ditfuse tuny commalike or
stellare soar 1o coarsely reticular and arregularly patchy milk-wite capsular thicken.
ing (Mursrellcr ¢v al. 19753). Histology showed that this focal increase of connestve
tissue in Glisson’s capsule may extend into the parenchyma and connect with s2pta
extending from enlargm3 fibrosed portal tracts (Popper and Thomas 1978), Thie con-
nective tssue capsule oi the enlarged spleen also secms to be senutive to VCManduced
processes that have taken place in the underlying tissue 30 that focal white thickening
or more difTuse opacities together with circumsenbed subcapsular haemorrhagic cysts
are seen un cases with marked splenomegaly.

4124 Histology

Histoiopcal examination of biopsy specimens shows that norma! lobular architecture
is generally muntuned, but varying patterns of portal and, in some cases. septal {ibro-
sis. stnkong intralobular perisinusoidal fibrosis., and focal capsular and subcapsular
fibrosis are found in combinauon with peculiar alterauons of sinusoidal liming cells
(Fig. 5a—d). Hepatocellular changes usually play a negligible role and inflamsratory
reactions, if present at all, are insignificant. The lesions are distributed quite irmegularly
througnout the liver and may vary from munor inconspicuous degrees to quite stnking
fibrous. Surgical wedge biopsy of sufficient depth appeans to be more ssutable for his-
tologca, evajuation than needle biopsy specitnens (Snurh et al. 1976a: Blendis et al.
1978).

Depending on lengrh and degree of exposure. interval between last exposure and
date of biopsv. as well as individual factors, histopathology of VCM-induced aonmalig-
nant liver disease is represented by the following fearures whose manifestation is sub-
ject to marked interindividual and topical vanauion: the same varishility of tissue aiter-
auons is seen in the nontumorous areas of the liver in anposarcoma (Popper and
Thomas 1978 Tromas et al. 1975: Berk st al. 1976 Gedigk et al, 1975: Weinbren
1976). but in these cases the nontumorous lesions may be even more conspicuous
(Popper et 3l. 1978).,

4.2.4.1 Hepatic Fibrosis

In its fully Jeveloped form, minimal to marked enlargement of portal tracts by excess
of dense, paucicellular connective tissue, which in advanced cases contains proliferated
bile ducts and some periductular inflammation, may in rare instances be combined
with formation of petiportal septa linking portal traets or, even more rarely, connect
central and ponal canals. Other portal areas appear almost normal. Focil accumulation
of conneztive tissue In the thickened Glisson's capsule may be connected by septa
with enlarged infracapsular poral tracs. A more striking feature is an intralobular
pensinusoidal “nedike’ fibrosis with more of less prominent colagenization of sinus.
oidal walls. in some areas even progresung to frank capillanzation (Gedigk et al. 1975:
Millcr ev al. 1975). The focal intrasinusoidal fibrosis may be subtle and in some canes
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may be recopnized only in connective tissue stains. Trickic et al. (197%) pointed out
that in one worker with severe acroosteolysis but normal hepatic function and essen-
tially normal liver histology on light microscopy (except for a mirumal and easily over-
looked increxse of perisinusoidal collagen in occasional lobules), electron microscopy
revealed a striking centrilobular increase in collagen between hepatoci-tes and in Disses
spaces together with proliferation and hyperplasia of sinusoidal lining cells (see also
Kurokawa et al. 1977). The same ultrastruetura! deposition of perisinusmdal collagen
was observed by Schzerenderg et al (1977) in 15 PVC workess in whom we could ob-
tain liver tisue for electron microscopy at peritoneoscopy. Similar changes (enlarge-
ment of Kupfier cells, abundant deposits of collagen in the Disse’s space and resulting
reduction of sinusoidal diamerer suggesting a possible factor in the pathophysiology
of ‘sinusoidal’ portal hypertension) were seen on electron microscopy in a number of
cases of idiopathic portal hypertension of unknown aetiology (occupational histones
not mentioned) (Summerschild and Khege 1971 ; Khipe et al. 1970; Tandon et al,
1970).

4.2.4.2 Sinusoidal Lining Cells

Marked focal proliferation and hyperplasia of sinusoidal lining cells with nuclear poly-
morphism and hyperchromasia are the most impressive features of the mesenchymal
Jesion. The hyperchromatic nuclei of these cells may show 3 bizarre shape or resemble
short pegs, and are often arranged in a chainlike fashion (Gedigk et al. 1975). These
pensinusoidal and sinusoidal cells include three types: (1) normal endothelial cells,
{2) lipocytes (Tto cells), considered to be precursors of fibroblasts and (3) plump celis
with spindleshaped nuclei and PAS-positive cytoplasm, Formation of excess reticulin
suggests fibroblasuc activity of some of these ¢cells. Focal dilatation of sinusoids, not
explained by passive congestion, is another peculiar feature usually assdciated with
particularly pronounced alterations of these mesenchymal cells: There is reason to be-
lieve that this combination of changes may represent 3 premalignant stage.

2.4.3 Heparocytes

Unimpressive, nonspecific, degenerative and adaptive lesions (such as minor degrees of
farty degenenation, 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 intesvals between the last exposure and the date of biopsy. in con.
trast to the apparently irteversible dgmage to mesenchymal structures (Gedigh et al.
1975, 1977, Muller et 3. 1975). In poorly demarcated areas there is hyperplasia and
hypertrophy of hepatocytes with poly ploidy and increased number of binucleated
cells. Two types of focal hepatocytic proliferation associsted with varying degrees of
sinusoidal cell alterations were recently described and are thought to play some as yet
undefined role in the precunor stage of angiosarcoma (Popper et al. 1978).

4.2.4.4 Histologr of the Spleen

Unless sphnéctomy is carried out in viny! chioride disease. tissue specimens of the
spleen are less easily obtainable than liver biopsy material. Popper and Thomas (1975)
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and Thomes et al. (1975) found the cut surface of surgically removed enfarged spleens
to be characterized by conspicuously hyperplastic Malpighian follicies in 3 beefy homo-
geneous red pulp. Histologically, they noted large gerrunal centres of the Malpighuan
follicles with merging of periioilicular zones. dilatation of red pulp sinuses lined by
endothelial cells of vansbie. often cubmdal shape, thickening of the puip cords with
occasional fresh haemorrhages, and in one case Gandy-Gamna bodies, but only incon-
spicvous fibross of the red pulp.

In ten cases we obtained acecle biopsy specimens of spieen tissue 3t peritoneoscopy.
Heusermann and Sturre (19770) and Stuere and Heusermann (1978) studied this ma-
terial, together with spleen tissue specimens svailable {tom theee spleens obtuned at
splenectomy. They found emdence for an involvement of the spleen in the Jbross
process. Excess amounts of newly formed extracellular elements of meticular connec-
tive tissue, notably eollagen. produced by stimmulation of fibroblastic cells of the red
nd white pulp. particularly in perifollicular and subcapsular areas. were observed,
There was scaming of periartenal lvmphatic sheaths. obliteration of the pllp cord
meshwork and reduction of pulp cord volume. in addition to an increase in number
and diamerar of sinuses. The reticular connective tissue of the walls of the sinuses and
of the pulp cords showad marked alterations with thickening of reticular fibres and
formation of buzarre platelike amorphous structures contuning iregularly distnbuted
collagen fibnls. Narrowing of the labyrinthine cordal tissus with marked increase of
the reticular connective tissue caused 3 reducrion of microcirculatory ssquestration
volume with parallel decrease of the number of pulp cord macraphages and approx-
runon of capillaries and sinuses. Frequenty, focal accumulation of platelews was
found within the narrowed pulp cordbed in addition t0 increased phagocvtosis of
thromboeytes by residual macrophages. This lends support to the hypothesis of en-
hanced pooling of platelets in the spieen (Meusermann and Sturte 1977a), and may
help to explain the pathogenesis of thrombocytopenia often sten even in the early
wages of ninyl chioride disease. By structural analysis of histometrical resuits. Srurre
and Heuscrmann (1978) outined certain diagnostie criteria for the differennation of
VCMdinduced splenic alterations from those seen in porral hypertenzion due to cirrhosis
of the liver ot extrahepatic portal vein ocglusion. They concluded that fibrouc changes
in the spleen in viny! chioride disease are not the result of porual hypertension but in-
dicate 3 prmary achon of VOM or its metabolites on the spleen. A comprehensve re.
pon comrelating clinical and morphological data gathered from this group of 13 pa-
teng is being prepared for publication at present. Results of histometrical stadies of
the spleen in noncirrhotic portal hypertension of unknown sstiology are now gvail-
able for comparison (Sek/ 1965; Yomamoto 1978, 1979).

425 Pthophysiology of Portal Hypensnsion

The pathophysiology of portal hyperrension in VCM-induced liver disease is 25 yet an
urresolved probiem. Parency of the portal vein was demonstrared in all cases subjected
to splenoportography. Portography ussally showed no or only minimal derangement
of intrahepatic vascular pattemn such as tzpening of *cut-ofl” of small penpheral portal
venous radicles (Blendis et al, 1978; Villeneuve et dl. 1976). High intrasplenic pressure
and 2 normal, or only slightly raised. wedged hepanc vein pressure indicate that the
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portal flow is obstructed at the sinusoidal or presinusoidal level. In a group of five PV'C
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Fig. 6. b. Progression of noncirrhotic portal hypsrtension despite termination of ex- eell sarc
powure. Ocsophageal varices. (Autociave cleaner, age at disgnosis: 33 years. VOMex- grcom.
posure, 1962-1972. 1972 Raynaud's phenomenon, skierodermoid skan indurations, vascular
thrombocytopenia, splenomegaly, snd grade | oesophageal vances. Gradual progression one at ¢
of p rtal hypertension. Sudden desth from ruprured anaplastic angiosar;oma ot the :
liver in June 1978, Hist logically only mild perisinusordal fibrosis in nontumorous :‘:"d (1
areas) e nun
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flow and the porta! pressurc. However, they point out that this relanonslup may be
veiled by the amount of bluod by patuing the liver wa 3 collateral circulation,

426 Followup of Non-malignant VCM-induced Liver Diseass

In 19°3 Marrin £1 2l. (322 2is0 Berk et al. 1975) peinted out that VCM.associated hepa-
uc fibrons, once established. may progress even Jite: sessauon of exposurs, Tiey
could demmonsirate this progression despue sormalizauon of all routine jiver furcuon
tests in 3 27-vear-old worker on a followup exantinznion including pentoneoscopy and
biopsy 2 1/2 years after eemsation of exposure. Progression of fibross and appearance
of badging between porwal and central veing were indicauve of perssung acinty -of
the fibroblastic process, whereas the previously observed activation of both hepato-
cytes (marked varistion of call size and aumerous binucleated cells) and sinusoudal lin-
ing ceils had Jisappeared. Sincs 1975 we have observed 2 number of workers who on
follow-up showed evidence of progressing portal hypertension with development of
massive oesophageal varices and subseguent bleeding episodes despite removal from
exposure (Fig. 6). In five (77) of these patients with progressing portal hypertension angio-
sarcoma of the liver finally developed. In thus context,it is of interest to note that more
or less conspicuous hepauc Gbrosis (or t3re progression to cirrhosis) was the parental
weran in which the majority of cases of VCM-induced anpiosarcoma of the liver devsl-
oped (see Tables 13=18).

Liver and spieen scans with Y™ technetiumdatelled sulphur colloid, quantitated
determination of splecn size with the ud of !7Hg-bromomercury-hydroxypropane
(BMHP) labelled artificially damaged red cells, and sequenual perfusion scinugrams
after bolus injection of M Tcpertechnetate have been found useful in the diagnosis
and follow.p of nonmalignant liver diseaw in PVC-polymerization workers, With the
aid of these noninvasive methods. inhomogeneous uptake of Jabelled sulphur collowd in
the reticuloendothelial system of the liver and enhanced uptake in the spleen, gradual
increase in spleen size and reducuon of portal venows perfunen have been observed in
PVC polymerization workers developing portal fibrosis and portal hypertension (Bier-
seck st al, 19752, 0, 1977 b).

43 Angosarcoms of the Liver
43.1 Epidemiology

Primary angictarcoms of the liver (ASL) is described under a variety of synomyma
(anpoblastc rarcoma, angioblastic reticulosarcoma. endothelioma, endothelioblastoma.
hoemangiok lastoms, haemangioendothelioma, haemangioendothelial sarcoma, Kup(Ter
erll sarcoma, malignant haemangoma, metastasizing haemangioma, reticuloendothelial
mrcoma, primary srcoma of the liver). [t is an exceedingly rare maliprancy. arising {rom
vascular lining ceils, ft pecurs spontaneowsly with two peaks in the age distribution:

one at early infancy (infantile haemangioendothelioma) and the other in late adult.
hood (fournth to sixth decade). The numerous synonyms render it difficult to estimaze
the number of reported c2ses and to determine its true incidence. In 3 meent review
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of the literature . Alrenge (1975) listed 165 published cases of primary angiosarcoma tion of
of the liver in adults, In the six autopsy series collected by Abrenga. ASL constituted inorgar.
only 1.8% (09%-2.7%) of all primary malignant tumours of the liver, which of them- dioxide
selves are rare findings in the Western World. Autopsy stacistics show that the incrdence tem anc
of ASL ranged from 2 to 20/100 000 autopsies during different periods with 3 mezn Tho
incidence of 12/100 000 autopmes (Table 12). According to Housir et al. (1975) 1t was contras:
estimated that in the United States the expected annual incidence of ASL is 0.014 in ing evid
100 000 inhabitants or 2530 cases per year for the entire Unired States. reporte:
been the

had bee

Table 12, Incidence of angiosarcoma of the liver (ASL) in Jutopsy series and Mo.
A specn:
caused t
thorotr
Simpsonetal. 1955  1914-1953 24 196 1 Mavo Clinic, fromal
Rochester, Minn.. ASL (R.

USa Deve

Edmondson 1958 1918-1953 $2000 ' Los Angeies. mmlvin
County Hosp.. USA tensivel)

1950-]
NacSweenetal. 1973 1900-1969 =3 Western Infirmary tion reve

Glasgow, UK. of multi:

Alrenga 1975 1951-1973 " Cook County Hosp. approve.
Chicago. USA occurred

T butnota

Re:n and Huch 1975 19541974 4(6)¢  Discldor!. Fed Rep. produce.

Germany Haustrus

~_ €

#yvén and 1975 1958-1969 - 12 Sweden (3%-5"
Hoimbery (adult cases) Rowh (1€
186"

Dalderupetal. 1976  1960=1975  Atleast 3 Netherlands . Fowier's
40 000 (population Clion
10= 14 million) haemang

8 Among 120 cases of primary malignant liver tumours studied post mortem dunng tension b
this 70year period. . woman w

b Among & million inhabitants. fide) dun

€ & Angiosarcomas, | haemangioendothelioma, | malipnant haemangiopencytoma had l.h*sf

manifesia

The p:

Accordingly, the identification of 4 egses of ASL among approximately 270 em- be elicite,

ployees of the vinyl chloride polymerization section at 8 B.F. Goodrich plant near period 18

Louisville, Kentucky, between September 1967 and December 1973 was duly recog- history of

nized as an alarming situation indicative of a serious new occupational hazard (Creech Among
#t al. 1974a; Creech and Johnwon 1974), observed
Until 1974, only two carcinogenic agents were known to be associated with the other han
development of ASL in man, ie. the administration of a radioactive collosdal prepara- 391 auto;

&
l\-
3
b
ey

34
>
¥

3.

X

1z
-
I

#i
]

.

3

Observation "No.of No. of cases
Authors Year  period sutopsies of ASL Region

1' .
LY.

R, PPt PR AT

%5

139 LT
Dl o L e o s T o Ol M s 2 N L] < Any

iy

AL

s

o

r"f’!"‘- ! ‘L -. Jm

.
b
A

Artime SAy e Py S A, Y

. 43 .
)

1

uce
069346

..._‘.
Ry " {

A
# —» M :,”r 4 :'::1

‘z""‘-’
<




1 Mantelier

sonsututed
‘weh of them-
sthe inadence
-1th 3 mean
(1973) it was
‘5 0014m

o —— e —
———
"Time,
ez Minn.,
‘Asies.

Homp.. USA

2 Infitman
- UK.

~inty Hose
USA

.ed Rej

wads
[T,
Willinn)

tem aunng

ncytoma

ly 270 em-
<ant aear
sduly reeog-
x4 (Creech

4 with the
syl prepan-

Vinyl Chlonde-Aswociated Disease L]

tion of thominn Jinxile (thoretrast) for diagnostie putpuses. and chronic exposure to
wrganse arsenwals. Both substances are stored mainly in the liver: injected thorium
dioxide particies are ragidiy taken up by phagocitic cells of the reuculoendothghal sys.
tem and are permanenty retnned: arsenicais are oniy siowlv reieased from the hiver,

Thorotras: came into use in 1928 and w as intemationally employed 33 an injectable
contrast medium until the md-1950s, when irs use was abandoned hecause of mount-
ing ¢vidence of the carcinopenic action ot thonum divude deposits. Mac \afion et al.
reported the first case of thonum dioxade-nduced ASL in 1847, Since then ASL b
been the type of liver tumour which occurred most irequently among patients who
had becn given thorotsast injections in the past (da Sit'a Horra 1967 Ja Silva Horta
and Morra 1967, Wegener et 1. 1971, Futh and Pieske 1974, Selinger and Kuyf 1975).
A special tvpe of progressive portal and subcapsular hepatic fibrons was another lesion
caused by thonum dioxide retained in the Jiver. da Sihva Horee (1967) conndered this
Thorotrast fibrosis” to be clearly distinguishable from trus cirthosis. Gamma radiagon
from a lost radium needle has also been mmplicated 35 a causative agent 1a one case of
ASL (Ross 1932).

Development of ASL 25 3 lats complication of clronic arsenic intoxicaron in Ger-
man vineyard workers was first Jescribed by Lichegorr (1949, 1952) and has been ex-
tenuvely documenuwed by Roth (1956, 19572, b, 1953). During the 10-year penod,
19501959 autopsies of 82 Moselle vintaers suffenng from chronic arsenc intoxica-
tion revealed ASL 1n 8 cases arnong a total of 61 individuals (74%), with cancer often
of multple sites (Roth 1959). In 1925, amanic insecticide sprays and dusts had been
approved fbr use in German vineyards but they were banned by taw in 1942, Exposure
occurred not only via inhalauon dunng spray periods (approximately 30 days/vesr)
but notably by daily consumption of quanuties of cheap grape wane ("Haustrunk"),
produced from a second pressing of the grape skin reudue by addition of water. This
Haustrunk, an allowanee in kind to the vineyard workers, had a low alcohol content
(3%=5% v/v) but contained high leveis of residual ansenic (0.2-5.9 mg As.O,litre),
Roth (1986) ealenizted the mean total ingestion of As; Oy to have been $3.7 § (ange:
186388 ) for a 1 Syear period. ASL was also seen after long-term treatment with
Fowler's solution for psonasis (Regeison et al. 1968 Lander ¢t al. 1975).

Chowdury et al. (1977) reported an anezdotal case of apparently bemgn diffuse
haemangioendotheliomatosis of the liver with considerable fibrosis and portal hyper-
tension but normal liver functon. This condition was found in 3 middie-aged biack
woman who had been exposed to various chemical fumes (including carbon tetrachio-
tide) during 20 years in a dry<leaning establishment, though it must be noted that she
had a hugh alcohol consumption. The possibility that these symptomas could have been
manifestations in later life of congenital disease cannot be rulad out.

The proportion of patieats with ASLin whom 3 pertinent history of exposure could
be elicited has varied considerably. In an sarlier survey of the iiterature covering the
peniod 1875 =1960, von Becker and Bixscher {1961) Usted 12 of $4 adult cases with 3
history of exposure 10 either tharium dioxide () or arsenicals (£ of Rorh's cases).
Ameng more than 15 000 autopsies performed in Bonn Jurmg 19501959, all 8 exses
observed were found exclusively in vintners exposed to arsenicals (Roth 1959). On the
other hand, Fiechmer and Ry e3 (1976) recently observed a cluster of 4 cases among
391 autopsics during 3 29.month period at a hospital in rural central Wisconnn serving
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Table 13. Personal data of 68 polyviny] chloride production workere with anSiosarcoma
of the Inct reported to NIOSH up to Mugust 1978 (Spirtas and Kamunsk: 1973)

Date of Tota!
Birth date death Age a1 yEan Job
No  Countn®  (midiP tmidiv) death exp. * elasdication®
1 B(h 01.12.12 06.29.76 63 17 ), 2
- CND D) 12.15.13 09.02.55 +) 11 |
A CND(2) 03.06.14 12.21.%7 43 14 2. 1213
4 CND (3) 08.26.19 032262 42 20 2.5
L} CND (4) 04.05.19 0l.21.08 48 pd 1.2.5. 14
[ CND ¢5) 05.07.11 07.05.68 56 5 1. 14
7 CND (6) 12.15.19 04.10.71 -] 23 1.12.13.18
8 CNDU) 11.09.19 12.24.72 L as 1.9.17
9 CND(®) 05.13.20 06.12.73 $3 $ ).12.17
10 CND(9) 07.19.21 09.04.74 §3 - 3.12.16
B CND(10)  05.16.15 04.00.77 61 14 2.16
12 SR 1) 00.00.28 12.00.73 45 16 1
13 SR 00.00.2¢6 00.00.66 <0 15 1
‘ (647 (37 (147
14 D(1) 06.04.30 01.25.69 3 12 2
15 D@ 07.26.31 12.14.71 39 it b
16 D (3) 09.0430 1).25.74 44 17 2
17 DS 01.01.32 01.09.75 43 pd .45
18 D7) 09.29.2¢ 11.13.7% 49 M 11.(D
19 D8) 10.19.17 12.28.15 58 =l 2
=0 D (%) 12.13.34 03.24.78 42 15 10
o D(10) 07.23.29 06.28.77 17 - 10
e DN 12.29.36 02.07.77 4] 16 10
- D12 06.14.38 10.07.77 3 [ 1
Pl F(D) 04.15.24 02.19.67 43 19 1.2
25 F({J) 06.03.11 01.24.75 63 Is 2
26 F) 01.06.20 06.26.75 55 =9 -
27 F (4) 01.27.27 01.03.76 49 6 2.6
28 F (5 01.2%38 05.13.76 k1] H 1.2
29 F (6) 04.14.34 09.12.76 42 13 6.7
30 F(D 00.00.27 07.02.76 49 ] .
31 F () 040134 01.30.77 42 19 -2
32 F(% 10.08.14 12.25.717 62 o8 2
3 F (10) 05.24.19 01.20.78 58 21 2
34 GB(}) 04.20.01 12.03.72 n - 8
s CB(3) 06.0237 122474 }? ' ]
3342
36 12 11.13.29 12.2%.72 41 6 :
37 13 03.14.20 07.10.75 55 21
38 I 08.01.22 10.24.78 52 22
3% 3D 080229 02076 37 ucce
064348
40 N{)) 12.23.158 01.04.72 56 by
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1213 44 CSal) 101723
) +5 USA (D) 08.19.33
.14 46 USa (3 05.235.15
n 7 USa4) 01.15.24
L1315 48 USa () 01.25.12
'|-, 49 USa 16) 11.23.28
o bt 0 Usa (D 05.03.22
: 16 51 USA (8 05.06.20
“ [ Jnd USA (9) 11.0831
53 USA (100 08.16.13
54 USA (11) 05.27.09
55 USA (1) 1117018
46 USA(13)  12.01.2)
i USA1i6)  1].0a27

58 USA17)  05.06.3)

59 USA (1) Q4222
60 CSA U9  00.00.15
< 61  USA(I0) 083117
62 LSA 2D 09.02.09

63 USA (22 10.02.2
64 USaiZh  00.00.22
65 USA 124 05.07.17
(1] USA25)  08.07.10

67 USA (26) ?(1978)

68 YUy 04.08.14

Viny1 Chlorde-Assoviated Disease ol s
.. o
wmIrzoma Table 13 tcontinued) .
-
— . Date of Total ’,.u
Birth date death Age at yean Joh, . Nl

No Counrry? (mdib (m/d'y) death AP cRsancaton® \ g

o < "
fuwaton a1 S 06.23.27 102050 43 18 2
a2 S5 06.10.10 031976 6% b3 | 2 - .
43 S 11.1e.14 051277 62 3 L

03.0373 49 p) 9 . l
09.27.71 37 . 13 $ : .
12,1955 s8 3 10 .- . ) .
01.0768 43 15 10 T yes
04.09.64 o 2 10 T i B
072475 46 12 10 o )
03.25.68 45 17 . ¥ -
08.2861 41 18 . :
03.00.75 43 24 9(1) i -
05.1068  §$ 17

03.16.70 61 23

050269 £0 19

07.0474 $2 :

032769 4] 3

1978 alive 43 19 '
110275 46 1 B
04.06.76 60 :

013077 S8 2

01.02.77 67 21

12076 §2 :

0+.06.53 %0 id

052777 60 2 !
€3.10.77 67 20

1978 (I9TF)  T(1978)

08.04.73 59 =0 1,.3.8%

3 p Belpum
ND. Canada.
SR. Crechosiovakia
D. West Germany
F. France
G3., Grat Bntain

b 00, data not available.

€ 1. sutoclave cleaner
<. autociave operator,
3. pipe fitter
4. polymesnzer
$. fomman
6. filtreur’
7. '‘préparateur de solution’
§, process worker
9. chemical operater

I Ialy

J.  Japan

N, Noray

S,  Sweden

USA, United States of Amenca
YU, Yugosiavia,

10, polymenzabon worker

11, technjcal assistent
12. main tenance worker
13, millwright

{4, warer cooling umit
15, reager

16, fumace operator

17, machine shop worker

relerences see Tabke 15)

(Tabics 13~15 are compied with the aid of informauon contained in the literature;
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a populstion of 130 000. One of the four had 3 history of oceupational exposure to
polyvinyl acerate, which has hitherto not been related to ASL. The other threc may
have had nondocumented expeosure to arsenical pesticides. which were used for many
years in this region, but such conjectural deliberations must awat further invesugation
for confirmation. -

Death ceruficates for the periods 1963~1973 in England and Wales and 19651973
in Scotland recorded 41 cases of ASL (1-~9 cases per year: mean: 4 cases per year). An
unexplained peak was observed in 1963/1969 (Bavzer and Fox 1975). Six additional
cases not mentioned on the death certificates were detected by a panel of speciabsts
(Baxter et al. 1977). In reassessing 36 of these 47 patients for whom histological sec-
tions were available, the panel of histopathologists unanimously sgreed on the diagno-
sis in only 14 cases (7 doubtful, 3 unclassifiable, 12 non.ASL). For 12 of these 14
cases occupational and residential histories were obtained which revealed one un-
doubtedly VCM-induced case, two cases with possible exposure to (low leveis of?)
VCM and one case attributable to thorium dioxide,

After the first three cases of ASL omong vinyl chloride polymerization workers in
the United States had come to the attention of the National Institute for Occupational
Safery and Health (NIOSH) in January 1973 (Lioyd 1974), this institution continued
to collect information on additional cases reported to them from nations with an im-
ponant PVC industry (Lloyd 1975, Spirtas and Kaminski 1977). As of August 1978,
data had been presented on a tota) 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 Jata collection communicated to us in 1978 = for which we wish to thank Drs.
R. Kanunski and R. Sprrtas, NIOSH. Cincinnati, USA — we attempted to trace these
cases and their individual symptomatology as well as other relevant informauon 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 (19783) and Dedorme and Makk (1975): seven of them were described in
more detail by Makk et al.(1976). Cases 19 and 23 were observed at our elinic in . onn
but details have only been published for case 19 (E.U. in Lelbac/t and Marsiclier §977).
In reviewing the literature we could not trace cases 37-30.43,50. 51, 53=67 and
C.F and H. According to the iatest annual report of the Staatlicher Gewerbearzt,
Diiseldorf (Remi ¢t al. 1978), the number of deaths from VCM-induced ASL in the
Federal Republic of Germany had increased to 16 by the end of 1978, to which we
now add a | 7th case (Figs. 8 and 9).

In retrospect, it was discovered that the first case of VCM-induced ASL had already
occurred in 1955 in a Canadian polymenization worker. For the 67 VCM polymenaza-
tion workers for whom details were available, total years of exposure ranged from 4 to
31 years (mean and median 18 and 19 yean, respectively). In comparison, mean duna-
tion of exposure in our group of 17 individuals with advanced nonmalignant liver dis.
ense (see Table 11) was 10 3/4 years (range: 3 1/2-21 yeans). 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
yean).
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Table 14, Clinical and morpholagical data on 68 polyvinyl chloride (PVC)

to N1OSH by Axgust 1978
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Table 14. Cinical snd morphological data o 68 polyvinyl chluride (PVC) production wotkers with anghosarcoma of Ihe liver reporicd
to NIOSH by Augnst 1978
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o8 . W.K. Lelbach and H.J Marsteiler
Table 15, Publivations on the 68 cases of angiosarcoma of the liver listed in Tables 13
and 14 )

No Relerences Additional relevant infarmation

1 Hublet et al. (1977) Hypertrophic. hyperchromatic and a1 pival endothe-
: Lial cells in the glomeruli; foci of haematopoctic cells

in bver and spleen

2 )

3

4 Delorme and Makk

5 t1973) Case no. 7; ASL associated with hepatoceliular

6 > Makk e1 al. (1976) carcinoma (Delorme 1978b)

7 Delorme (19783, b)

L} Delorme and (All cases from one plant in Shawinigan. distnict

9 Thénault (1978) Trous Riviéres. Quebec)

10

n )

V2 U Schmud:and Bétora At the same plant: 4 cases of VOManduced cirrhosis

(1976) of the liver plus | case of cirthosis und generalized

13 reticulosarcoma and 4 cases of carcinoma of the Gl
tract or lunps

14 ' Lange et 21. (1974b) See also Reinl and Weber (1974)

See 2i30 Reinl and Weber (1974)

I f Gedigk eral (1975 .

16 Gokel et 4. (1976) Foci of haematopoesis withun the tumour areas

17 Amann(197%) 1974 portocaval anastomosis: cholecystectomy

Riibsamen (1976) Hypertrophic, hyperchromatic and markedly atypical
endothelial cells in the glomeruli and in the capillanes
of the lungs )

1

18 Rewnl et al. (1976)

19 {(Observed in Bonn) Moderate hepatic siderosis: chronic fibrosing pencrea-
firy: tubular and intersutial fibrosis of the resres

20 Reinl et 2} (1976)

2 Remnleral. (1977

: Rewmieral. (197

23 (Observed in Bonn) Focal interstitial fibross of the pancreas

24 Ravier et al. (1975) See also Berrod et al. (1978)

25 Rocheetal. (1970) 1942 gastrectomy. 1974 splenectomy. right hepaue
lobectomy (640 g). See also Rocke (1977): Puech 21
al.(1977).80nneton et al. {1975, 1977). Berrod ¢t
al.{1978)

26 Rety et al. (1976) No autopsy (see also Berrod et al. 1978}
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Vinyl Chioride-Associated Diseane (1]

Table 15 (conunued)

No.  Reserences

Addinondl peievant infonmanon

- Roche et al. 1 1978)

-3 Roche et al. (1978)

29 Roche et al. (1978)

32 ‘ Berrod et 3l 11978)

34 Lee and Harry (1973)

3¢ Semuch et al. (1976b)

36 Maltoni {1974)

1 -
3 -
29 - '
40 -

Chronw alcoholic. See aiso Rache | 977): Puech «t
al. (1977 Berrod et 31. (1978)

First sympilom: vertedral and vostal metastases. Right
hepauc lobeciomy. See also Rocite + 1 9™ 7). Puech et
3. (39%7); Pilivhowski g1 3. (197%); Couderr ¢1 al.
(1976). 8errod e2 Al 1 1978)

1960 sclerodermalike tkin induranion (hands), swall-
ing of race. upper extresuties and feet, 1971 bilawerai
ecroosreolvad. Tumour penstration of the abdomnal
wall (fistula). Severe intersunal {ibross of restes:
fibrosis of intesstitial wall. slight mesangial fibrosis of
glomeruli. Vanable but generally shght fibrony aiinosis
of anenal and venous vessel watls (skin, heart, lungs,
intesune, testes)

Latency penod ( 15t exposure = death) only § years
(see aiso Fox and Coilier 1977)

31 Byrén and Holmberg (1975)

32 Byrineral. (1976)

43 -

44 Block (1974)
tewe 3)

45 Block (1974)
(case 1)

46 Block (1973)
lcase 4)

1965 portocaval shunt. 1970 cholecystectomy. See
also Faikat al (19742) (case 4); Whelen ¢t 21, \1976)
(came 1)

No sutopyy, Ser also Creeeh and Johnson (1974):
Falk ¢t al, (19742) (case )): Whelsn et al. (1976)
{cxoe 2): Makk et al. (1976) (cam 6)

See atso Falk ar al. (19748) (case ). Makk ctal,
(1976) (case 10)
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Table 1§ (continued)

W.N Lelbach and HJ Manaelier

No.  References Addiuonal relevant mformation

&7 Bloek (1973) Sce also Falk et al. (197340 tease Q) Makk et gl
(case 1) 11976) (case 4) .
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48 Block (1974) See atso Faik et al. (19742 (case 1): Muk et 3!
(case 5) (1976) (case 2)

49 Block (1974) See also Falk et al. 1 19744) (case 6); Whelan ey al,
(case 6) (1976) (case 4); Makk et al. 11976) (case 14)

50 -
51 -

$2 Whelan et al. (1976) Chronic alcoholic. See also Makk et al (1976) 1case
(case 3) 13), Berk et al. (1976) (case 2)

5367 -~

62 Zonca et al. (1975) Among 2 work force of 1801120, PVC polymeniza-

tion: 60. production of VOM) employed at this plant,

15 died of malignant disedse (2 ASL. § bronchogenic

carcinomas. 1 case each of carcinoma of the laryns.

rib, mamma. spermatic cord. glioma, melanosarcoma,
_leukaermia, Hodgpiin's disease)

Finst exposure to VCM for these 67 cases of ASL dated back 10 the period 1939

1966 (median: 1951). Twentyohe years later. i.e. from 1972 onwards, a gradual in-
creas: in the number of new cases diagnosed and reported to NIOSH can be observed
(Fig. 7). The onse1 of this gradual increase coincides with the calculated mean latency
peric " of 21 yeans (Spirtay and Keminski 1977). Spirtas and Kaminski also suggested
that :n future cases the age ar diagnosis and the length of the latency peniod may in-
crease as 3 result of the later reduction in fevels of exposure.

From the synopsis in Table 13~18 it can be seen that in abour two-thirds of the
cases of ASL for whizh morphological devails are svailable varying degrees of amocat-
#d hepatic fibrosis in nontumorous areas of the liver were mentioned. Less often, evi-
dence of portal hypertension and splenomegaly were noted, Metastasis of anposarco-
ma to distant sites was observed in approximately hall the published cases. It is of note
that acroosteolysis and cutaneous stigmatas of scleroderma have been observed in only
1 of thete 76 patients, s French PVC worker who had apparently not been engaged
in reactor cleaning (case 29; Roche et al. 1978). Another noteworthy prece of informa-
tion is that strikingly atypical endothelial cells with hypertrophic and hyperchromatic
puclei have also been found in organs other than the liver (kidneys, lung) in autopsy
material from two patients (cases 1 and 17, Hublet et al. 1977, Ribsamen 1976).

Hubler et al. (1977) abso found such cells in the myocardium and in the adipose tissue
enveloping the adrenals. All this may lend support to the idea that the effect of VCM
metabolites is not restricted to the vascular endothelium of the liver and spicen. Angio-
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Table 16. Personal data on eight sases o angposarcoma of the liver among VEMeex-

pored personnel not emploved in PVC production (as reporied to NIOSH by August _{! *
1978) O
&l ]
Date of Total = ¢
Birth dage  death Ageat vears Job ~ e
No. Country tmidlyy ym/ iy death  exp elassificanuon r_;‘...
A D 0%.16.30 10.10.73 43 i< Loading pesucie cans . :f{
wits VO progeilznt T _g
B D) 050936 121874 38 3.5 Assstant factory ~ Py
¢hermse ‘ig'
£ GBI2) 090814 120070  S§ 1" Pouring PVC oil mix- . iy
tute onto fabne bases - 1<% S
D ISR} 061534 03.16.71 36 3 Fabrication of PVC :
sacks and wrappings
(extrusion st tempera- -
turesof 12070 ;
E St JL.27.11 08.16.71 61 23 Assistant factory chem. "“‘g’r
stiproduction of VCM)‘ e
F USA (15) 00.00.25 02.15.13 47 ? Accountant 3t plant =
producing PVC fabnc . !,
G YU 1L1s31 0702713 42 18 Produstion of VCM :
H YU 22131 01117 45 - Produsnion of VOM <
3 Update of NIOSH repster, August 1978, prepared by Keminski as in Tabie 13.
b 00. data not availabic
sarcoma arising from the kidneys or other types of malignant renal neoplasms, how-
gver, have not been described in VCMexposed individuals, aithough malignant nephro- -
blastomna has been induced in experimental anunals, s
The extremely rare coinadence of angiosarcoma and hepatocellular carcinomsa was +
found in three insrances (case 7, Delorme 1978b: case E, Byrén and Noimbery 1975, .ﬂ'
and 2 case not included in the 1978 NIOSH update Tamburro et al, 19782). In the v
case reported by Tamburro et al. chronic alcoholism may have played a cofactor role
in the deveiopment of liver cancar, We can now add a fourth caw abserved in 1978 at
the Department of Medicine in Bonn (see Sect. 4.1.5 and Fig. 3). This padient (pauent
9 in Table 11), s PVCpolymerization worker (total pertod of exposure: 18 year:) was
first admitted 10 our departmant in February 1975 and was found to sufTer from atyp-
jeal cirrhosis of the liver with portal hyperiension, splenomegaly and Raynaud's phe- =
nomenon. During followap ASL was clinically suspecred but could not be confirmed . ;
during life, despite exploratory laparotomy and generous surgical biopsies. The patient “ g
.?l "
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Table 17, Clinical and marphological data on cight cases of snginsatcoma of (he fiver smong YOM1ped pencnet not employed in v
*VC pulymwrication *
llepatn- Oewphaped  Hepatic Thrombu- Aviv Raynami’s
No. megsly Spheen varives Telsgarsin cylopenia wmicolysi phenomenon Melaslaes
A ¢ Spkenn- + PFostal + I} [ Diaphrapgm, pastric macoss,
(6N00g) mcgaly filporsis sbdonun lymph nodes
B ¢ Spkna- + Foca capsular [ )4 Diapheapm . plenes,
{1650p) wmrepaly (423 ) fibroses, poorial abdiuntingl lymph niches
and centrotubalar
hibrarn
L of
Nt Noteaterped B t ? [ ] Lungs, pericandium
L * ? ? + [ | [ ?
{104 000)
¥ 2
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Tabie 18, Publications on the eight cawes o anposarcoms of the liver listed in Tables
16 and 17 '

-

e 5
- H »
’
LA mE.
f

AR U IR Ed

No.  Reflerences Additiona! relevant information

7t

dﬁa‘-%\'.

A Ruinl and weder 1967 idiapathuc portal s pertensian: portocaval
11973, shunt

<

B Zimmermann and Eck 1977 nght heminephrectomy for unilatz-al ivdso-
11975) nephroms associated with bilatemat deuble hidney e
Remi i 197%) Foce: of hacmatopoetic cells in spleen and kidney. .

Fibrosis of the pancreas. Slight fibrosis of testes and .
of the small intest:nal erass an

l"

Wi m g
.l;,fg
f &d3d

&

aTal

D Malton (1972) Autopsy* anpomaztous spulis. Angiosarzomy involv. . '
ing liver, lungs and pencardium The pencardium .
might have been the primary ute! :

E Brrén and Molmbery Probable coevistence of 3 hepatocellular cancer of
€1975) both low and high grade differentiation

G Zorica et al. (1875) .

died on 7 August 1978, aster 3 massive haemorrhage from oesc -, vgeal vances, Autep-
sy revealed both mulucentne metastiasizng anposarcoms and hepvtoceliular caraino-
ma of the liver as well a3 slight {ibrosis of the pancreas (to be puti shed in detail).
It is still unexplained why hepatocytes are genenally exemg -2 from the carcino-
genic eiTect of VOM metabolites but. as predicted by Popper in 1975, three anecdotal
cases of hepatocellular carcinoma, one German (Gokel et al. 1976) and two British
PVC workers (Fox and Collier 1977), have now also been observed after exposure 10
VCM. It may be mentioned that a review of the distribution of primary liver cancer
in the Province of Quebec covering the penod 1965=1972 showed 3 preponderance
of adult male cases in urban sreas clustered in the district of Trois-Riviere in congru-
ence with the distribution of the plastics industry, a coincidence which calls for
further investigation of'a possible exposure to industrial caranogens (Jacod and
Thénauit 1975). .
Notincluded in the NTJOSH regster are several anecdowl cases of ASL, eapillary
and cavernous angiosarcoma of the livet and haemangiosarcomatosis of sites other than .
the liver, for which a relation to oczupstional or tven passibly residential exposure to 3
VM has been discussed (Noria et al. 1977; Brady et al. 1977 Dor et al. 1975; Wil
niifer and Zinnag! 197T).
Although of undetermined relevance, it should finally be mennoned that, in 3ddi.
tion to hepatic fibrosis, varying Jegrees of intersutial fibross of the pancreas were .
noted at utopsy in four German workers (cases 19, 23, B and the above-mentioned ..
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74 W.K. Lelbach and H.J. Marsteller

patient with both angiosarcoma and hepatocellular carcinoma). Fibrosis of the testes
was observed in three cases (19, 29, B), and Roche et al. (1978) also reported fibrosis/
hyalinosis in vessels of skin, heart, lungs and intestinal wall,

CUMULATIVE
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Fig. 7. Cumuh'tin number of cases of ASL among PVC production wotkers reported
to NIOSH up to August 1978, arranged according to year of diagnows (data from
Spireas and Kaminski 1977, 1978)

432 Clinical Manifestations

The clinical sympromatology of usually mwulticentric ASL is unspecific, Gradually de-
elining general health and los of weight combined with illdefined upper abdominal
discomiort and slight epigastric or right upper quadrant pain are usually the first
symptoms. Recurrent bleedings {rom oesophageal varices may have been antecedent
svenss in patients with portal hypertension who otherwise felt fairly well. In 3 number
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069362

= Facx ¥ = e ok -
PR cr Pt WPy PR Iy Wiy RURE L VLS

Unmi




*tarsreller

- 1estes
fibrosis/

sported
T

Sty de.

<wrinal
et
stdent

a2 aumber

Vinyl Chicnde-Associated Disease °8

of cases, the tumour first came to attention with masxve, often fatal, intrapentoneal
haemorrhage. Important tender hepatomegaly (hepatosplenomegaly), slight jaundice
and occasionally development of moderate ascites and oedema were observed. Except
for muld to moderate hyperhilirubinaemia, some elevation of serum levels of alkaline
phospnatase and gammagiutamy] transpepndase and only slightly abrormal levels of
seTum transarunases, the spectrum of bochemuzal tests i3 hardly revealing. Alpha-teto-
protein determination has not deen helpful in the diagnosis. Clirasonography. seint.
graphy.hepaue angiography and, netably, computer ;omography of the upper abdomen
are the diagnosuc prosedures of choics if ASL it muspected.

A technetium-997 Jiver scan visualizes intrahepatic tumour defects (Biersack et al.
1977b) together with abnormal splenic fixation, but peripheral defects of uptake may
be difficult to interpret (Whekm et al. 1976). Characreristic festures of angiography
are 3 normal-sized hepatic artery with possible displacement caused by tumour enlarge-
ment. a centaun degree of contral hypervascularity of the tumour, 3 peripheral tumour
stain, and puddling of contrast medium pernsting into the late venous phase. In addi-
tion. varying degrees of peliosis hepatis may be observed in some cases. However, even
repeated hepane angiography may fail to confirm the suspected diagnosis, as was ewi-
dentin one case reported by Roche 1 al, (1978).

The example of 3 Sd.vear-old polymenzation worker who died of metastasizing
angposarcoma of the liver in February 1980 may serve to illustrate the clinical course.
In 197273, after an exposure of 18 years’ dursuon, we found him to suffer from Ray-
naud's phenomenon and noncirrhotic portal fibrosis and portal hypertension with sple.
nomegaly and moderate thrombocyropenia. Despite termination of exposure, there
was progressive splenomegaly and development of massive oesophageal and gastne

Fig. 8. Compurter tomogryshy showing a large. irregular, hypodense angiotarcoma of
the Lver invohlang hoth loba. Courtesy of Professor Thum, Department of Radioiogy.
Unrvensity of Bonn
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.76 W.K. Lefbach and H.J. \arsteller \

varices Junng the following years with repeated episodes of bleeding which required
(successiul) scleronng therapy (major surgery was declined by the patient). In August
1979 he presented again with recurrent epistaxis and slight but permanent epigastric
and upper right quadrant pan. but declared that he felt otherwise fairly well. He com-
plained about a sharp localized epigastric pain on sneezing There was marked spleno-
megaly, and an ill-defined liard mass was palpable in the epigastrium. Apant from mod-
erate elevation of alkaline phosphatase and borderline hyperbilirubinaemaa, biochem-
istry was normal. Computer tomography showed 3 large irregular hypodense tumour
mass in the liver, invoiving both right and left lobes (Fig. 8). which became practically
isodense alter intravenous injection of contrast medium, A liver scan corroborated the
tumour defect. Shortly after this there was mounting evidence of brain involvenient
and rapid deterioration. Computer tomography now revealed multiple brain metastases

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

kot ilalnoen 2o an)

:
&
i

X bs

Fig. 9. Computer tomography showing multipie brain metastases of angiosarcoma of
the livet. See text. Courtesy of Professor Thumn, Department of Radiology. University
of Bonn
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433 Peritonecscopy

Little informarion is available in the literature concecning the peritoneotcopic aspect
of VCM.nduced ASL (Roche et al. 1978). It may be impossible to make a diagnosis of
the initial phase of ASL in VCM<xposed workers by peritoneoscopy and needle biop-
sy [the liver, as documented in one of our patients who died of mulucentric ASL
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Fig. 10. Multiple brain metastases of angiosarcoma of the liver, Courtesy of Professor
Gullotia, Institute of Neuropathology . University of Bonn
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k| ) WK. Letbach and H.J. Marsiciler

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
hepatic fibrosis, there may be hypervascularized or cystic tumour formation visible on
the suriace of a nodular, quasi-cirthotic liver, or a gross aspect resembling hepatic me-
tastases if the vascular malignancy involves the superficial regions of the liver. It should
be stressed here that needle biopsy is absolutely contraindicated if there is any suspi.
cion of ASL.

434 Gross 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 anpo-
sarcoma of the live. is mostly that of large bulky. irregularly thaped evstic tumour
masses ; a multinodular form with numerous, someumes umbilicated nodules, is less
often encountered. Extensive haemorthagic 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 (1973) distinguished foar basic devel-
opmental patterns of histomorphology of ASL, which can be found in different por-
tions even of the same tumour and appear to represent stages of progressive evolution:
sinusoidal, papillary, cavemous and anaplastic patterns. Indistinet areas of transiuon
and merging of pattemns can be observed. .

Dilated sinusoidal spaces lined by hypertrophic and hyperplastic sarcoma cells with
pleomorphic, elongated, hyperchromatic and ofien bizamre nuclei characterize the
sinusoidal pattern, 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 pepillary 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 covernous type, where they may be surrounded by thick fibrouc walls.
In a smalle: percentage of cases, solid areas or nodules of anaplastic sarcoma are found,
resembling solid spindle <ell sarcoma, or even suggesting an epithelial rype of tumour,
Gedigk et al. (1975) also observed a reticulosarcomalike pattem. The differenuation of
the tumour cells varies widely . it ranges {rom the inconspicuous endothelial lining cell
type to irregularly shaped, groxsly distorted giant-cell forms. Morpholop:ally, viny!
chloride related ASL cannot be distinguished from ASL asociaied with other aeuol.
ogical factors or from the cryptogenic type (Popper et al. 1978).

In tumour-free portions of livers with angiosarcoma widely varying degrees of ex-
ceas 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-
eytes and occanonal formation of perilobular septa or thin connective-tissue sepra 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 metheds for
collagen or reticulin fidbres. As 8 rule, irregular focal or nodular fibrotic thickening of

uce
069366

e e R N A R N N b S e R

P ITetITNRY Y

-'.
L]

it

AW i e

In.

of
lyss
Th.
re
lite:
oid.

plas

incr

Cyty
"g\
reu.

crea




Manszeller

* 19: see also
snection with
tion nsible on
2 hepaue me:
fiver. it should
is any suspt-

<ed from 1600 to
rance of anpo-
ne tumour

jules, 13 Jess

mnd spongy por-
o large cavem-

our basic devel-
lifferent por-
=jve evolution:
of trannuon

*uma cells with
terize the
rving differsn-
tracts, a-
Oma atro-
' gpaces, inte
‘nLeutive tissue
filed spaces
. fibroue walls.
.mma are found,
- pe of tumout.
‘f{erennation of
wlia) lining cell
=ically, vinyl
'y other aetiol-

Jegrees of ax-
»ug to that seen
portal racts
i of lympho-
rigrat septa ex-
-micubus intra-
- methods for
thickening of

Viny! Chlonde-Associated Disease 79

- . -—— gy

T T AR T AP OVE VX B -

- | . .. T\ g' O .'- TP S *

R R A S A S ST S R

() Y 4 P PUR XN P LA T I TP S

Rt It MRS SO LN ALy I AV y

s SN I 4 r PN "-‘.r 'u’,'-";‘.:’ 1 PaTE N2
. 5 (X Y s .

e
"o

.';’-‘
RO
‘3

L]
“’"! -
w
L
s

-y
&
R

]
e

#
% s s

* . . . -‘.,‘.._..’,’.‘,." ‘,. \

LT, \ v, ¥/ Nl TT Aty ~

WorE T f s 38 ML KL i ST Fer st e e 5

% 2"".:.‘ ;5.‘.:4‘_(' "Lra S0 LTS s Al ’

- U D A3 T T e Ny e 7y

Y TS RSty 5

.. ':’l.- Ve S .'#.o ".'}‘.-;’F,. .- :‘I.’|:".‘. e 4 '.I‘.ll

- S’ ot "‘ l.|'¢=3 ’.-‘1",.-...: - ‘...‘ f:f ... ..

PV e ‘. o . :.h“..:‘-:l.', N ._rz,s\ % 2 T ." a

Y

e, 0" §¢ el L sra®™ "0 09 wis 4 A\ e .'; Y
f”" - .‘.“: .‘.'.,-"- - O.g..‘ ‘..'.l:.' L .‘}.} s ..‘ ..' ‘:

Yo te ot AR s “Ze s :"30 S
- - ol e i 4 1 » . -
o zt‘.f 2."’..’.".-"“‘.“ PO C A -', e ve T %
- - - A -, -

‘e . . it e?@"a -,.,f.p‘ » .‘._..- L L
AN PR A DR SRR e RO v N
. ’.:| o Puw o v - " o L i L » —
e. @ - . A s ¥ o & -'o...-“'.\.' < Tl T
o s 0%, TG0 8 aly oW %S -~ L SRS

LR - = NP Y Y o, - L o BN

O ety ant e, e e QA PRATIE v oo
. - [ - gl L v ndiare MO 'o',...
et r.v‘ . @ P"- ot 8 . .“,..'0.7.| L, 8.

. .. L B Y LR AP -::-; Y e ana® adt ai

Fig. 11. Anposarcoma of the liver (upper parr of photomicrograph) invading adjacent
liver parenchyma (case [4 = D1 see Table 13). Note hyperplastic and Ayperchromatc
nucle: of proliferaung neoplastic hmng cells enveioping hepatic sords. Reproduced by
permunion. Ann NY Acad S¢1 246. 278 =285 (1975). Courtesy of Professor Gedigh.,
Institute of Pathology, Umiversity of Boan. HX E x 250

of Clisson’s capsule is present: these fibrode capsular areas may extend into the under.
lving parenchyma and may contiect with adjacent tﬂhméd subcapsular portal tracts.
The cellular and nuclear size of hepatosytes may vary wmdely; groups of binucleated
ot even multinuclear parenchymal cells with sbundant cytoplasm are seen. Focal pro-
Uferaton of onusoidal lining cells may be encountered, especially within fod of sinus-
oidal dilatation.

In connecrion with conspicuous sihusoidal dilstation, two rypes of focal hyper-

plastic precursor lesions were described by Popper et al, (1978):

1) Poody drcumseribed fod of hyperplastic, often binucleated hepatocytes with
increased number of various sinusoidal lining cells and only inggnificant increase of
redculum framework.

2) Almost nodular areas of conspicuously hyperplastic and hypertrophic hepato-
cytes with more pronounced varistion of markedly incressad sinusoidal cells without
degenention or necrotis of liver parenchyma, but accompanied by excess formation of
regiculum {ramework and compression of surrounding parenchyms.

The transition of sinusnidal lining cells to angiosarcoma cells is characterized by in-
creasing atypa and anaplasiy of these proliferating endothelial cells accompanied either

22
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by formation of excess connective tissue or by accentuation of sinusoidal dilatation R:
beading to pnmary peliosis. Involvernent of portal areas in the evelution of angiosarco- (exci
ma results in considerable fibroplasia and formation of hyalinized collagen together ASL
with proliferation of bile ductules. In oceasional cases connective tissue bndging be- Ths .
tween portal tracts or between portal tracts and central veing with subdivision of lobu- ¢ the L
les followed by rearrangement of hepatocytic plates may lead to 3 cirrhosistike picture. confi
had ¢
the re
435 Therapy polyr
The multicentric development of ASL (Thiomas and Popper 1975) as well as the dif- :;:::
fuse spread of the tumour usually encountered by the time of diagnosis precludes ef- cee d?
fective surgical or radiation therapy in the majonty of cases. A suvival period of two lesset
yean after surgery (Berrod et al. 1978) or chemotherapy (Dannaher et al. 1979) is 3 maen
rare exception. Results of systemic chemotherapy studied in a small group of five pa- L
tients showed that, at best, quality and duration of survival may improve to a very w.'li‘ )
limited extent (Dannalicr et al. 1979). At present, no generally accepted guidelines for fulle
chemotherapy are available. vinyl
mode
the es
436 Risk Assessment ‘ grour.
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 polvmernization workers of 437
roughly 20 000, a risk ratio (ratio of observed to expected cases) for thus population of
at least 400:1 was calculated (Hearh et al, 1975). This calculation was based on data Fora
from the National Cancer Institute's Third National Cancer Survey (1969-1971), hazar.
which expected for the total United States population an annual incidence of this tu- the ce
mour in the order of 0.014/100 000. This would have meant only about 0.03 cases per studiv
20 000 polyme: zation workers within a2 10.year perind. Dose-response and attendant :;:"l t.
biotransforma: :n data on experimental animals have since been used to elaborate sev- o ¢ | ;
eral different models of extrapolation to man. These were calculated with reference to i v;\_“
relative body surface areas, for estimating the risk of ASL in human populations ex. of bn-
posed to VCM and for establishing guidclines to assist the research for ‘realistic safe 1976 '
doses” that do not affect the average lifespan of a person exposed (Scimweiderrnan et al. d.
1975: Gelining et al. 1979, 1978: Woods 1979). Gehining et al. (1979) consider a probit r:: .
percent mode! to be a reliable tool for risk prediction, which works without the assump- 'm“",‘
tion of a threshold. They predicted a cancer risk of 1.5 cases of ASL in 100 000 000 Berrs
workers on exposure to the current National Standard in the United States of | ppm emol
VCM 8 h/day, § days/week, for a 35-vear working life, an incidence which does not an dpc:
significantly deviate from the spontaneous incidence rate. A linear model modified by but nc
sdjustments for differences in the rate of inhalation, distribution, metabolism, cell 1976)
prolifenation and tumour latency times between rats and humans was described by In
Woods (1979). This model! arrives at an incidence of 3.9 cases per 100 000 000 workers (197
after 3 lifetime exposure to 1 ppm. Much controversy. however, about the validity of J
risk extrapolation from animal experiments to man and from high- to low-evel expo- ';’;7':’
surc and the problem of threshold doses has been voiced (Maugh 1978 Hooper et al. g,m,,,

1979 Scimeialerman 1979, Weigert 1979:Reitz eral. 1979).
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Results of a recent survey by &rgd) et al. (1977) indicated that for New York State e ‘

texcluding New York City), a highly industnalized area, the annual incidence rate of o o)
ASL during the 6-year period from 1970 through 1975 was 0.25 per million residents. ey ¢
This corsidenably exceeded the national averzge rate of 0.14 per million pe: yearin : '-;;.':':t Y
the United States. In 3 concomutant casecontrol study, 26 patients with hustologically : v'“.r".:-,
confirmed ASL were found in the study area from 1955 to 1975, and 7 of these had 1

had documented !ong-term exposure to either As. ThO. or VCM. Five (all female of

o)

the remairing 19 pauents Lved at 3 distance of SCO—500 feet from VC 1abnzation et A Tk
polymerizavon {acilities jor long penuds. No pentinent exposure or residenual history T vl
was obtained from the other 14 panents. Duscharge of unreacted monomet into the en- Az AL
wvironment as result of losses in the PVC production process was estimated to have ex- o

teeded 200 million pounds annually, most of which escaped into the atmosphers with
lesser amounts dissolved in water e[Tluent (Schweirzer 1975). Concaming the order of
‘magnitude of ambicnt exposure beyond the work place. [.2. outside the industrial set-
ting, an aversge annual exposure concentraton of 17 ppb was estimated for the 4.6
million persons throughout the United Stares who resided within 2 S-mile radius of
vinyl chlonide emission sources (Kuzmack and McGuughy 1975). If the nsk assesment
mode! elaborated by Woods (1979) is applied to this population of 4.6 million people,
the esumz2ted inadence of angosircoma per year would not be above expected dack-
ground levels, '
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+3.7 Mortaiity and Cancer Morbidity Studies
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For 3 tumour disease as rare 33 anposarcorma of the liver even quite small increases in
sehazard 0 ~- background Jevels should be detectable (Doll 1975). The situation with
the common types of cancer is {ar more Jifficult. Since 1974 3 number of mortaiity
stucies of VCMexposed populations have suggested that in humans iong-term expo-
sure to VOM may also be associated with cancer of sites other than the liver, noubly
the lunz, and the lymphatic and central nervous systern (Monson et al. 1974: Orr et

» . ;I-I\ J:'..
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)

i

al. 1975 Tabershurw and Goffey 1974 . Nicholson et al. 1975; Wegoner st al. 1976: &4 ;
Waxwerler e al, 1976, Nichoison 1977, Buffler et al. 1979). Epidemiological srudies -

of British workers failed to confirm this suggestion (Duck et al. 1975: Duck and Carrer ] “
1976; Fox and Collier 1976, 1977). 35 did 3 prospective study of 3 VOM/PVCex- IR R

posed cohort of 1618 employees of 3 West German chemical plant (Frenrzck8eyme
st+' 1978). Criticism of design and interpretation of some of the studies has been
voiced (Falk et al. 1974b; Purciase and Williamson 1974 . Reger 1977 Daklerup 1975
Berry and Rossirer 1976). A follow-up of all VO M-exposed persons (750 traced) ever
employed 3t the one Swedish factory, which started operation in 945, for mortality
and cancer morbidity pattems revealed a fourfould excess of pancreas/liver tumoun
but no deviation in the numbet of brain tumoun from the expecred lovel (Byrén et al.
1976).

in addiuon to the three extensive mortality studies of Tabershow and Gaffey
(1974). Waxweiler e1 al, (1976), and Fox and Collier (1977), s fourth comprehensive
epidemiological study (Rein and Weber 1976) was completad in 1977 by Reinl eral.
(1978). wich included three study populations from 11 VCM: and PVC.producing
faciones in the Federal Republic of Germany, covering the period (rom before 1959
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through 1974: (3) 7021 workers engaged in the produchon of VCM and PVC:(5)
4910 chemical workers from the same plants not exposed to VCM: and (c) 4007
workers engaged in PVC manufacrure. Not included were non-German workers of
Mediterranean ongin. This German study permits cumpatison not only with the mor-
tality ratio of the total male population but also with a comparable occupational
group exposed to VOM. With regard 10 the ‘healthy worker effect* (McMichael et 3].
1975). overall mortality was elevated for the VCM-expused poaulation (group a). but
not o1 the other chemical worker (group b). Apart from the markedly elevated stan-
dardized mortality ratio (SMR) for malignant liver tumours (1523). which proved 10
have been closely related to the duration of exposure, a significantly elevated SMR was
found for tumours 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 tumours (401), s 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 morrality from brain
tumours (SMR 535) was recorded among PVC workers engaged in manufacture ar one
of two plants: in the second plant an elevated SMR (434) for liver turnours was ‘ound,
At present, there is no explanation lor the ingreased SMR for accidents found in the
VCMexposed population, particularly during the penod 1970 through 1974, about
40¢: of deaths having occurred in ex-PVC workers. A recalculation of the available data
would have been necessary for the evaluation of a conceivable influence of VCM on
vigilance, ) .

As an addendum it may be noted that determination of plasma carcincembryonic
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 normal healthy populanion (1.7% v3. 0.5%) (Page et al. 1976).
Levels of CEA were also determuned in 1363 workers of five different VCM polymen.
zation (3) and PVC processing (extrusion) plants (2) in the United Stares (dnderson ¢t
al. 1978). After removal of possible confusing factons (smoking. alcohol intake. past
medical hiswory), 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. Sigmificant differences were also found for two of ux
job categones examined (polymenzation and maintenance ) compared with extrusion
workers and the reference group. However, the usefulness of the CEA titre as a predic.
tive indicator of possible increased risk seerns doubtful,

44 Miscellaneous Aspects
440 Thombocywpenia and Platelet Function Tests

Thrombocytopenis in chronic VCM intoxication was first mentioned — rather paren.
thetically and without further comment — in a psper published by Antonmyuzhenko in
1968. Later Juhe ot al. (1973) noticed that each of the first 13 sutoclave cleaners re-
ferred to them during 1972 from 3 West German piant because of suspecred skin and
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bone lesions presented with mild to marked thrombecytopenia (30119 ¥ 107 Titre).
Bone marrow aspirates in 6 patients permitted exclusion of disturbed plateiet forma-

i tion or osteomyeiofibrosis/sclerosis. but in 12 of them splenomegaly was found. Ex.
mot- cept for slight reticulocytosis in 8 and leucopenia in 5 of the workers. other haematol-
: ogical tests were negative. The reducuon of the number of Jeucocvtes and platelets as
:al well 23 reticulocytosis apprared to be attributable to splenomegaly, but further studies
' but on the natwre of thrombocyvtopenis were thought necessary. and it was suggested by
' g1an- the authors that 3 Jecrease in the number of plaselers might serve as an 2arly and easily
4to detectable symptom. Tiie high prevalence of thrombocytopenia (as determined by
IR was phase<ontnast sucroscopy) found Iater on derailed analyus of platelet funcuon and
pof other parameters of biood coagulation in the rowal sohon of PVC producton (and alse
' the fabncanon) workers from thus plant strengthened this suggestion (Bac/iner et al. 1974,
ifi b.1975a.b, 1976. Sehrt-Bochner and Erzel 1977). Wepnan (1975) also commented
- upon abaormal platelet couns in 13 of 37 PVC fabricating workers who had only

handled PVC powder which. however, might have contuned substantal amounts of
residus! monomer. In contrast, Lilis er al. (1975) detected thrombocytopenia in only

ain
irone 1 of 354 polymerization workers, but an electrome cell counter was used for platelet

ipund. counts (personal communication).

. the . According to Sehrr-Bachner and Etzel (1977), the mean plateler count in a cohort
wut of 132 PVC polymenzation (and processing) workers was significantly lower than that
- Jdata in 2 nonexposed control group of 150 healthy men. As sould be sxpected, Baciiner et
i al. (1975b) also demonstrated a positive correiation between the degree of thrombo-

cvtoperua and the prevalepce of an enlargerment of the spleen (palpable splenomegaly
e or spieen size determined by selective senngraphy with '**.Hg-bromo-mercury hydro-
‘, xypropanedabelled red cells) in 70 PVC polymenzauon workers (see Table 19). It ap-
op- Table 19, Prevalence of enlargement of the spie2n? among 70 PVC-polymerization
o et workers in reishinn to increasing degrees of thromt scytopenia (Becaner et al. 19752)
st No.of workers  Platelews (x 10°°/Ltre) Enlargement
"J‘fﬂ' Group sxamined Range Mean of the spieen
Y in
nx A 14 > 130 168 30210
waun B 24 100-130 1"? 11 146%)
predic- C a5 70- 99 87 19 (76%)
2} ? < 10 & 6(86™)
3 a5 determined by palpauon or by stiecuve spieen scinugraphy.
pears, however, that the development of thrombocytopenia is not dependent on the
presence of splenomegaly since we observed mild thrombocytopenia (100-120x 107/

— litre) in 2 small number of workers in whom spieen size was definitely within normal
W in Brmuis on selective spleen scintgraphy (Milzfl3ctenindex < 4.5 x 10™ according to
y Fischer anc Wolf 1963).

-':a:d Thrombocytopenia was accompanied by abnormalities in platelet function tests.

There was an increase in the number of large (> 10 m) ‘juvenie’ plarziets (increased
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plateler spreading). enhanced response (platelet aggregation) to addition of ADP and lat:
eollagen { Born test) and increased availubility of phospholipid-ontaining platelet fac. en
tor 3 (Bachner et al. 19753). This pattern was thought to be compatibie with the no-. au.
tion of an increased tumover rate duc to derangement of microcirculation (CDIC) 1n clu
liver and spleen and defective reticuloendothelial sysiem (RES) clearance of activated ¢ vin.
clotting factons (Bac/icr e1 al. 1974b). Ward (1976) and Wand et al. (1976) suggested das:
that thrombocytopenia could be construed as confirmatory evidence of an immune sib.
complex disorder. Neusermann and Stutte (1977a) noted unuaual focal aggregation of
plateless in Klatsch preparations of spleen tissue and increased platelet povling (plate-
lets trapped within the subunusoidal meshwork of pulp cords) in the red pulp of the 44
spieen on electron microscopy as well as phagocytosis of thrombocytes by sinusadal
macrophages. Sc/affuer et al. (1976) found platelet thrombi in and around hepatic Th.
sinusoids in mice after exposure 10 VCM. A direct toxic action of VCM (or metabo- PV(
Lites) on the bone marrow has not been demonstrated so far. ap
Although the pathogenesis of thrombocytopenia in VCM4nduced disease is not fully thr.
understood, it seerns at present most likely that it is caused by increased tumover and dur.
consumption of platelets within the abnormal vascular spazes of the liver and spleen. we:
A similar type of consumpuon coagulopathy was described as complication of spon. def.
taneous haemangiosarcoma of the liver by Truell etal. (1973). A haemostatic defect ume
more complex than mere pooling and destruction of platelets in the enlarged spieen viol
has also been commented upon 1n the paper by Gerrizs et al. (1974) in connection with exp
splenomegaly of various noncirthotic ongin. . fous
pos:
. C.
44.2 Cenual and Penpheral Nervous System for .
cre:
Miscellaneous nonspecific and somewhat indefinite symptons have been deseribed in valv
connection with chronic inhalational exposure 10 VCM in PVC-producuon workers, wa
such 35 dizziness, disonientation, blurring of vision and memory, headache, imtability, The
excessive fatigue and somnolence. sleep reversal or insomnia and other pseudoneur. sear.
ssthenic symptoms (Sucm et al. 1963, 1975 Sehottek 1969 Lilis et al. 1975 and alth.
others). This prenarcotic syndrome was interpreted as a manifestation of 3 potenually brov
reversible acute toxic encephalopathy'. Its danger to the individual was thought to lie icar:
mainly in resuitant inadequate reactions to crivical situations (Sciorrek 1969). How- ‘
sver, Vale et al. (1976) reported that several individuals in a group of 95 comparanvely tion
young ex-workers, the majority of whom had no other symptoms, complained of fa- $mo
tigue, headache, listlessness and depression, with onset of sympioms having been de- to is
teyed as long as 2 years after cessation of employment. At
With reference to such ‘pseudoneurasthenic complaints’, which may be interpreted thov
& the mildest degree of a toxic encephalopathy. Penin et al. (1975) examined a group ing
of 21 autoglave cleanens st varying intervals after cessation of exposure, all of whom 102
presented with other (cutaneous, angioneurotic, hepatic) manifestations of viny! chlo- Aect
tide disease. Clinical symptoms of a more or lex distinct encephalopathy (including Ve
cerebellar ataxia in 4) were found in all but one of them. EEG recordings were normal resp:
in only five of these patients; in the others, parenthythmia, dysenrhythmis of a so- 17.
calied subvigil electroencephalogram was observed. Evidence of distal polyneutopathy, n
found in 19 patients, was attributed in the first place to an abnormal penpheral circu- to P\
ucc
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Vinyl Chionde-Associated Dissase 3s

lation with resultant hypoxic damage. The pathogenesis oi'a possibly VCM-induced
encephalopathy is not elear. It would be conceivable that clinical and buelectnic altet-
ations found 1n some patients, in whom ponosy steric encephalopathy could be ex-
cluded. may have beea due to toxuc of hypowuc brain damage. However, no'other con-
vincng evidence has so $ar emerged to indicate that chrome irrevers:ble serebrotoxae
damnage may have resulted from prolonged exposure to VOM. notwithsianding the pos.
sibility of an inducnon of brain tumours.

443 Puimonary Changes

The suspecied development of sonmalignant pulmonary changes due to VCM and/or
PVC dust exposure is still a matter of controversy. Soon after VCM was recognuized as
a potent carcinogen. three groups of employees (n # 290, 250, 445, respectively) from
three large North Amencan PVC.produang plants (A, B, C). charactenzed by different
duration and levels of past environmental exposure te VCM a3 well as to PVC dust.
were studied with respect to chest x-ray film abnormahities and pulmonary funcoon
defects 23 anessed by spiromertry and deterrunatnon of maximum expiratory flow vol-
ume (Miller 1975, Miller ev al. 1975;Lilis sral. 1975, 1976, 1977). All cases with pre-
vious exposure to asbestos, silica of coal dust had been excluded in these studies. Un.
expected linear, rencular and. less often, rounded opacities on chest x-ray flims 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 these from plan:
C. with the lowest exposure level. The prevaience of these radioiogical abnormalities,
for which no pathogenetc explanation was avalable, was found 10 be significantly in-
ereased with longer duranon of VEM-PVC exposure (more than 10 years), but the pre-
vajence of a pesinve history of smoking, although identical in both groups A and B,
was also found to be significantly hugher in workess with abnormal chest x<ay plates.
The ovenll prevalence of a positive history of chronic bronchitis (British Medical Re-
search Coundl eriteria) was 20.4% in group A Chighest exposure) and 16.0% in group B,
although group B was significantly oider. The somewhat higher prevalence of chromc
bronchitis in workers with abnormal chest x-ray plates did not attain statistical signif.
jeance.

On the other hand, age did not appear 10 be an imponant factor. Pulmonary fune-
tion tests showed a strikingly hugh prevalence of obstructive changes, but since both
smoking and age were related to changes in pulmonary funcgon, it appeared difficult
to isolate potengal specific sffects of occupational exposure to VOM and PVC dust.

A restricuve pattern was found in 9 3% of group A and in only 23% of group B, ul-
though group A was significantly younger. In conclusion, this extensive study, includ-
ing 1 10tal of 985 workens exposed in the past to VOM as well as PVC dust, may point
to 3 potential multiple factor effect of smoking and VOM-PVC expowure. In this con-
pection, it is of interest to note that aceonding to a cohort study of mortality among
VCM polymerization workers the SMRs for respiratory cancer as well as for ‘other
respiratory disease’ were found 1o have been in excess of expected figures (156 and
176, respectively) (Waxweiler et al. 1976).

Bronchopulmonary changes thought to be due to longcontinued, intense exposure
to PVC dust were observed by several authon (Parnegpani and Sasxi 1955, Brousard
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1969:Szende et al. 1970 Perrkin and Mamonior 1970: Frongia et al. 1974: Dark.¢
1976: Arnaud et al. 1978). Conniderable exposure 10 VPC dust is the rulc in the drving. su
bagging and storage areas of PVC.producing plants. Photographs contained in Aarnrodr's bl
i v paper (1976) give a general idea of the potental dust exposure. Measurements of the al:
"y concentration of PVC dust at various sites of the bagging operations were reported as d tu
4 long ago as 1955 by Parmegyioni and Sassi. In 1969 Broussard mentioned the possibil.
- § 3 itv of development of chronic bronchitis caused by the inhalation of PVC dust. The we
Y insoluble and inactive dust particles were thought to accumulate in the lungs blocking ov
& alveolar spaces and being taken up by alveolar cells. This could lead 10 elimination of
. { these cells via lymph vessels to regional lymph nodes, with either enlargement of the of
_ . hilar region or 3 micronodular aspect of interstitial pulmonary fibrosis without hilar dy
‘B lymph node enlargement but progressive respinatory insufficiency. er
Fl o | Szemde et al. (1970) reported the case of a 31.year-old worker who presented with
’ eesatoth-- B severe dyspnoea; s chest x43y examination revealed diffuse micronodular puimonary of
== 4 lesions. He had been engaged for only ! vear in shovelling PVC powder at 2 processing de
b facrory. Lung biopsy revealed moderate diffuse fibrosis and small focal granulomatous sp

Jesions conining ovoid or polygonal birefnngent foreign matena! which could be

P

H eluted by treatment with a known solvent of PVC. Microscopic examination of PVC 4=

Xt dust particles collected at the patient’s place of work thowed them to be motpholog:c- -

. ; ; ally identical with the particles found in the patient's lungs. ™
; - Another snecdotal case of pneumoconiosis after 23 years of employment in a PVC m

' : § bagging area, with radiological evidence of diffuse micronodular infiltrates and granu- m;
" i lomatous lesions found in a lung biopsy identical with those recorded by Szende er al., i
S was published by Amaud et al. in 1978, Histology of open lung biopsies in } of 14 "

3r VCM-exposed British workers, who complained of breathleswness, revealed focal alveo- ":

4.3 lar wall thickening with macrophages in alveolar spaces and increased reticulin and col- \

i lagen on electron microscopy (Darke 1976). Although chest X-ray appearances were o

; normal and routine respiratory function tests thowed only slightly impaired CO; dif- TJ

fusion in six individuals, perfusion and ventilation scans revealed strikingly abnornmal

nds

-$ pictures, including marked perfusion defects of upper lobes. Darke pointed out that s
T some of the men worst affected had been angaged in the polymerization of ‘plastisol’, . e
y ,‘.__»M§ a very fine PVC powder with particle size around 0.5 um. . Il’g
& L f‘ E T g Selikoff (1976) called atrention 1o results obuained by Fronpiz et al, (1974), who
*&_ﬁz_@i observed significant histopathological changes in the lungs of guinea-pigs and rats ex- :"t
cr 2"5 posed for 2-7 months to inhalation of the airborne PVC dust in a PVC bagging area. ;
g ‘;;';t’..;s; Lesions began to appear at 2 months of exposure (alveolst histiocyte-macrophage re. o
s ?ﬁ.ﬂsﬁ' o actions). they proved 1o be fairly marked after 4 months, with appearance of foreign ha.
A \314 body giant cells, and proceeded to development of large interstitial granulomatous ko
S RBrI foci, Vertkin and Mamontov (1970) who examined 96 workers engaged in the manu. o
facture of articles made from PVC powder, also found a considerable proportion of st
them were suffering from functional and morphological alterations of the broncho- '“lj
pulmonary system, which they ascribed to their exposure 1o PVC dust. They quoted P
results of earlier animal experimenta conducted in 1963 by Goloveryuk and later by 19
Shivakherskii These last authors had apparenty shown that exposure of animals to of
PVC dust may lead to the development of chroniz pneumonia and eventually to a sort Ve
of mild fibrous of the lungs.
uccC
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Certain types of PVC dust (one of two sampies tested) were found to exhibit a
strong hasmolytic potennal due to the presence of an undeermined but readily solu-
bie surface-associated agent which was not VOM (Richords e1 2. 1975), These authons
also studied the effect of the harmolydc sample of PVC dus: on lung dbroblast eul-
tures, but they did not obtain any significant results.

Contrary 1o earlier indications (Lange et al. 1974a2) and Jespite continued efions
we fated to detect any significant restricuve changes of puimonary function in the
overwheiming majority of patients we had oceasion to examine.

It may be of interest 1o note that Maltond et al. (1974b) reported a high prevalence
of patholopeal changes of respiratory epithelium (squamous metaplasia, squamous
dysplaua, typical and atypical sadenomatous proliferation) in sputum sampies {rom
employees of Italisn VCM-PVC factonies.

Nevertheless. conmary to the now wellestablished role of VOM in the production
of nonmalignant lesions of bone, skin, small vessels, liver and spleen, it is still open to
dedate preeisely what importance can be ssenbed to pulmonary changes within the
spectrum of VOM«induced disegse.

444 Genedc Effecss of VEM

The discovery of the carcinogenic properties of VCM also stimulated interest in its
mutygznic potential. A number of studies have been carried out that demonstrated 2
mutagenic response to VCM or its metabolites in microbial test systems. Point muta-
tions due to base-pair substitution have been produced in various strans of Saimonellz
rphimurium by VCM in the presence of animal and human liver mucrosomes a3 2 5yy-
tem of metabolic activation ((Tanaug et al, 1974, 1976; Barrsch et al. 19752, 1976
MeCann et al. 1975 ; Malareille et ). 1975: Garro et al. 1976). Mutagenicity of VOM
menzbolites was also demons.:aed in yeast straing (Lopneno et ai. 1976, 1977, Shaim
1976) and in mammalian cel . Tuberman et al. 1975). In comparison to nonexposed
controls, a significandy highe. wcidence of chromosorml aberrauons (fragmentation,
tearrangement) in lymphocytes of workers ocsupationally exposed to VCM was re-
poned by Ducarmen et al. (1975), Funes-Cravioro et al. (1975), Puchase ¢t al. (1975,
1976), and Fomenko et al. (1976). Fleig and Thiess (1974) had failed to demonstrate
an increased rate of chromasomal aberrations in six chermical engineers and four PVC
fabrication workers. As to the influsnce on germ cells, Purc/izse ¢t al. reported that no
dominant lethal effects were saen in fetuses of female mice mated with males which
had been exposad to 3000, 10 000 and 30 000 ppm VCM for § consecutive days. Thus,
however, does not absolutely exclude genetic effects on human gonads, The cutcome
of pregnancy among wives of VCM-polymerization workers as sgainst wives of rubber
and PVC{abrication workers (/n/anse et al. 1976s, b) and rates of congenital malfor-
mauion per 1000 rendent live births in three Qhio communities with PVC production
planns have also been studied (/nfanre 1976).

As part of a larger survey of workers’ health, interview questionnaires (/nfanre
19764, b) showed that after patemnal age adjustmnent a significandy higher inadence
of {s1al mortality subsquent 10 patemnal exposure was recorded among the wives of
VCMexposed workens. This trend was found 1o be mamntained after elimination of
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pregnancies in women who had more than two abortions. The findings of this study
rused the question of possible geneuc risks of VCM to man and led to the suggestion
that germ-cell damage in the father through direct VCM exposure might be a possible
expianauon.

No clear<ut linkage of PVC production and increased occurrence of congenital
malformations (primarily CNS malformations) emerged from preliminary studies in
three Ohio communities with PVC production plants. But the need for further study
of possible contnibutary factors was indicated (/nfanre 1976). In fact, none nf the par-
ents of affected children in Painsville, one of the three Ohio communities, had ever
worked at either of the two PV'C polymenization plants in Painsvilie or lived wathin
two mules of these planu (Edmonds et al. 1975).

5 Conclusion and Outlook

The combined efforts of multiple disciplines have been necessary to ammive at tne full
recogmtion of the rarge of pathology associated with occupational exposure to vinyl
chloride. It 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 everexpanding 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 3 comparatively safe com-
pound.even by experts, tumed out after all to be a carcinogen wath a very long latency
penod for those who were heavily exposed to it. But its carcinogenic properties would
most probably stll have gone unnoticed if the resulting malignancy had been any can-
cer other than of an exceptionally rare type. Animal experiments 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 leamned is that in future any new chemical which is to be widely
introduced into the environment should be scrutinized closely, for » sufficient length
of time, and with the aid of all available methods for the detection of potential car-
cinogenic efTects. In addition, we should keep in mind that in industrial surroundings
we almost never deal with a single compound, but with a very complex occupational
environment whose carcinogenic potental is still a completely unresolved problem.

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

Considering the everincreating complexity of environmental influences. future re-
search will be faced with almost insurmountable obstacles I its endeavour to establish
‘safe’ levels for potentially harardous chemicals. Prormising areas for further studies in
the field of vinyl chioride and allied compounds may be the problem of the interaction
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berneen predominantly hepatocytic metabolism and oncogenic effect on mesenchymal
tissue such as vasculyr endothelium. and 2i50 the question of whether intermittent

short exposures ar high concentrations or contiauous exposure at 3 low congentration

will carry the greater risk. .
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