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It should be stresse.

: The history of vinyl chlonde-associated disease, its recognition and prophylaxis is a , precise, an intermediate
; classic example of shutting the stable doot after the horse has bolted, It should helpto mainly in the mmm.h‘
emphasize the need to shift our attention to preventing exposure from occurting rather menzation products (P

1 Introduction

than to reparative measures. In view of the large number of new and potentially hazard- ;‘:“d from the polyme:
ous chemicals introduced each year into the workplace and the environment, this ac- P\:é °3:'““‘ unreacted
: count thould again alert us to the necessity of pretesting chemicals adequately for roxs ( ":_““ decompo
: their potential health effects, sven at the risk that technological progress will dewslop ;:‘3;?‘::. t":’f&'z:l ::
‘ st a more modest rate.
: . . ! Abar 1969 Dyer and £
: Largescale production of the synthetic resin polyvinyl chloride (PVC), a thermo- and only very ort

plastic material suitable for the most widely divensified industrial use, was begun
around 1930 in the United States and in Germany. The monomer, vinyl chloride
(VCM), 2 rather simple aliphatic compound, was believed until the early 1960s to be

(OMara et al. 1971 cite
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one of the Jeast harmiul chlorinated hydrocarbons. Early amumal experiments, as it
later tumed out, had indeed been camed out with dosages sutficiently high for the
evaluation of acute effecss, but chrome exposure had not been of sufficient duration
to reveal ity carcinogenic properties. On purely theorencal grounds. however, one
might have connnued to fe¢i uneasy with this compound as 3 pollutant of the work-
place. canndering that it 18 (1) a halogenated hydrocarben whach (1) exists in its

vapour phase under ambient cond.uons (inhalauve exposure) and (3) contains 3 highly

reactive double-bond.

Today vinyl chlotide-assocated pathology is well documnented, A large body of in.
formation and data on thus topic has been accurnulated, notably sinca 1974, but pre-
cisely a quarter of & century had to pass before the full range of sympromatology at-
tnbutable to this new occupational heaith hxzard becone recognized ia January 1974
with the shocking discovery that hasmangosarcoma of the liver occuryed in produc-
tion workers heavily exposed to PVC. Early and not easily accessibie reports suggen-
ing that the monomer rught be an environmental risk for workers handling this com-
pound did not alert the experts sufficiendy. The sariest indication of adverse effecus
in workers engaged in the production and proceming of PVC, a Russian study pub-
lished in 1949 (Tribukh et 2. 1949), received little attention.

Ulumately, it was the exceptional characrer of the thres major Jesions which o¢-
curred in workers exposed 1o VCM that contributed most to the final apprecistion of
a causal refationship: (1) the syndrome of acroosteolysis, Raynaud's phenomenon and
pseadosleroderma. (1) non<irrhotic portal hypertension; and (3) anpotarcoma of the
liver. Particularly, the discovery of a cluster of four cases of this extremely rare malig-
nancy among a comparatvely small group of workers (Crvech st al, 1974a) was an
alarming cxpenience which called for immediate action. It can eatily be imagned that
a connection between VC)M and the more cormmon malignancies, such as cancer of the
lungs or the gastrointestinal tract, might sull have gone unnotced. 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 consequences of chronic exposure to VOM, But ene can hardly escape
the conclusion that Viela's discovery of cancer in experimental animals, presented at 3
cacer meeting in Houston in 1970, was sufficiant evidence to indicate that exposure
to VCM wt a very serious ocoupational hazard (Perers 1976).

It should be stressed that the noxious agent is solely the monomer, or to be more
precise, an intermediate of the monomer's metabolic bioscrivistion, which takes place
mainly in the mammalian liver and yields certain highly resctive epoxides. The poly.
merization produes (PVC), ix, the solid plastic and the plastic consumer goods fabri-
cated from the polymer, sre chemically inert articles which carry no heaith risk unless
they contin unrescted residual monomer. Even the combustion of articles made from
PVC (thermal decompotition in fires) dous no¢ yield free vinyl chloride monomer; the
taxicity of pyrolysis products of polyvinyl shisride polymen and formulations is
mainly due to the release of hydrochloric acld and carbon monoxide (Comish and

Aber 1969: Dyer and Esch 1976, Sorenson 1976: Moser 1976; Colardyn st al. 1976)
and only very smail or no quantities of phosgens derived from rsdual monomer
(O Maru et al. 1971 dited by Colardvm st al. 1976).
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2 Technological Details

2.1 Vinyi Chloride Manomer {VCM)

At standard (ambient) conditions of temperature and pressure, vinyl cldoride (CH,. =
CHCL: chioroethyiene, chloroethene) is a non-irritating, colourless gas with a tantly
sweet odour, inflammable at concentrations above 3.8% by volume 1 air. which is
only slighuy soluble in water, soluble in ethyl alcohol and easily soluble in ether and
carbon tetrachloride. VCM is mainly used a5 an intermediate in the manufactute of
plastics, as a refrigerant and in organic synthesis. It was formerly also emploved as a
propellant for aerosoles. It is eanly liquefied under pressure and is usually handled and
shipped as a liquid. Gaseous VCM condenses at ~13.8°C and 760 Torr (= 101.3 kP3)
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 grar-
ity (gaseous VCM 15 2.15 times heavier than air), its low solubility in water and the
half-life 1n air, rangng from 3 to 20 h.

Table 1. Phyical properties of VCM

Mol wt.: 62.503

B.p. *=13.8°C(=~13.7 10 ~13.9)
F.p. -153.7°C
Flash paint: ~78.5°C (Cleveland open cup)
Limits o¢ flammability: 3.87%-29.3% by volume 1n air above =78.5°C
(= 3.8 000=293 000 ppm)
Autoignition temperature: 472°C
Vapour pressuse: mm Hg 10 100 692 2300 2680
°c -375 =558 —158 +2X0 - 25
Vapout density: 2.15 g/litre (calculated at 25°C and 760 mmHg
(airm 1)

09121 at -:o:c.'4:c
099 ar=25"C/a’C

Sources: Fairhall 1957;Insh 1963, Zapp 1964; Lefoux 1906 Osrermayer 1907,
Roubal 1972.

Sp. gr- of liquid VCM:

2.1.1 History

The French chemist, Regnaulr (1835) was apparently the first to study systematically
the synthesis and analysis of vinyl chloride. Liebig. who had done some earlier prelim.
inary experiments, encouraged Regnauit to investigate this compound when Regnaulr
spent several months in Liebig's laboratories. All compounds containing the vinyl
group (CH; »CH-) polymerize readily (Fairiall 1957). Spontaneous polymerization of
vinyl chloride to a white opaque solid mass under the influence of sunlight was first
described by Beunann in 1872; he also quotes a paper by Sayrser and Glinsky (who
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212 Production of VCM

arge-scaie commercial s nthesnisof VOM with 3 high yieia was made possihle much later
by empioving two panciple methods. the second having now largely replaced the first:

1) Conversion of acatylene to VCM by hydrochlorination:
CHaCH + HCl = CH, »CHCI (catalyst: HgCl: on charcoal) (dusrm 1974)

2) Conversion of ethylene by vapour-phase or liquid-phase oxvchiorination to 1.2-di.
chloroethane and subsequent pyrolyss (thermal cracking) to VOM (Albrgine 19672):

CH;-CH; +«2HCl +172 o: - CH:Q-—CH;CI *H;O:
{} t]
cH, e, BCS0E oy cona e
pumice SaUYSt  (pyralysis: thermal 2racking, Austn 1974),

VCM was usually manufactured in closed systems and stored in outdoor (aclities.
Thus. any lsakage of the gas was readily diuted in the ambient air. VCM concentra.
tions in the atmosphere at some distance from manufactunng plants were found to be
in the range | =2 ppm. In ¢jose proumity, the concentration ranged up to S0 ppm
(IARC 1974). Spontaneous polymenzation in ligiit has aiso besn repeatedly observed
when VCM comes into contact with atmosphenc air duc to container [eakage (Oster
mayer 1967). A prerequisite for the polymerization process is a high degree of purity
in comoercially produced VOM. Impurities retard the polymerization process (Lefzur
1966 Oszermayer 1967).

- In the eady discussion about the csuse of vinyl chlodde-assoviated diseass it was
conjectured that other compounds or impufrities conuined in prepalymerization or in
tetrieved VCM might have been the causative agent(s) (Thicss and Versen 1974), Anal-
yws carried out by six West German manufacrurers of PVC, however. showed that the
sum of all impuntes (such as satursted or unsjturated hydrocarbons and their haiow
genates) was 0.01% by volume for prepolymerization VCM and 0.1% for rerrieved un.
reacted monomer, Only methyl chloride was found in ¢oncentrations of 50-300 ppm
in prepolymerization VCM and 100-500 ppm in retrieved VCM (in one instance only,
the concentration ranged between {000 and 3000 ppm). Byt it should be kept in mind
that even | 000 ppra methy! chioride in VCM would mean, at $00 ppm VCM in air, 2
mathy! chloride concenmadon in air of only 0.5 ppm. All other impurities (propylene.
isobutane, #-butane etc.) would then be in the ppb range, Besides, no significant dil-
ference in purity could be found berwwen VCM from scetylene and from ethylens.
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6 : W.K. Lelbach and H.J. Marstelier
2.2 Production of Polyvinyl Chloride (PVC)
22.1 Technology of Polymerization

The following description is meant to serve merely 35 a rough sketch of the procedures
and technological details involved in the production of polyviny! ehloride.

Viny! chloride monomer is polymerized in large autoclaves (reactors) at tempera.
tures between 40°C and 80°C and pressures of 616 (8—12) atmospheres. Th-re are
usually several reactors (up 1o 1030) located in one building. The reactivity of the
monomet is a function of its double-bond. The second functional site of the vinyl
chlonde 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 earcinogeniciry of this compound when it is being metabolized in the
body. The polymerization of VCM, which is a strongly exothermic reaction (Bames
1976), is inituated with the 2id of compounds soluble in VCM that form free radicals at
relatively low temperatures. Initiators are such compounds as lauroyl peroxide, isopto-
pyl percarbonate, azo-bisdsobutyronitride, 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 chaing (Malten and Zielhuis 1964 ; 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 polymerzauon, with molecular weights of the finished PVC being statistically
distributed around a mean value.

Commeraal PVC polymers have average molecular weights that vary from about
50 000 to 150 000 dalions (A Ibright 1967b). Degree and veloeity of polymerzanon,
which are influenced by temperature and the concentration of initiators. determine
the specif - t'pe of PVC produced (Frey 1973). During polymerization considerable
amounts «f the monomet are at first dissolved in the polymer, but most of this is later
also transformed to PVC as polymerization progresses. The polymer which is not sal.

- uble in the liquid monomer precipitates out. The process of polymerization slows

down towards the end of the reaction. It is terminated, depending on the method used,
when approximately 30%—90% of VCM is polymerized. The timing of this termina.
tion of the procsss is essential for the physical properties of the resins produced. The
heat generated during the exothermic process of polymerization must be removed to
keep the temperature of the reaction under control. Mechanical agitation 3ids in trans.
ferring the heat across the colloidal system to the cooling jacket of the reactor. During
the process of polymerizadon certain quantities of the polymer adhere to the walls of
the reactor and form a slowly thickening continuous film or ¢rust. This polymer crust
on the inner surface of the reactor vessel, which contains cavities filled with unreacted
monomer, impedes the conductance of heat; it has, therefore, to be cleaned sway after
termination of the batch process (Bames 1976), )

After compietion of the polymerization process, the slurry is relessed from the re.
actor into a dump tank. Residual unreacted vinyl choride monomer is pantly solvated
in the polymer (about 10%); the remainder is dispersed in the water phase or 1s present

wlas, \\\\M 298 -ﬁ\n‘- i 2
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in the vapour phase above the slurry. Wiile a3 baweh i3 in the dump tank, this unreacted
V'C monotner is retrieved by pumprng it off into 8 VCM storage tank. Retneved VO
is then puritied by subsequent distiiation for recycling purposes. Monomer sojvated in
the finishad polvmer cannot easdy be extracted since it has a strong affinicy for PVC
and must diffuse through the particles: tius diffusion depends on ume and temperatuze.
Raw PVC resun, therefore, still contains certan quantities ol unreacted monomer
(VKE 1975). Barnes (1976) eported that the palymer in the slurry still contauns ap-
proumately 300 ppm of vinyi chionde.

The siurry from the dump tank 1s pumped into a storage tank (blend tank) which is
large enough to hold several batches of the product. The contents of the blend tank
are then pumged into 2 centaluge which separates the wet solids from the watsr. The
wet polymer, 2 granular mass, is dried either in rotating rubular dryers or by spray-
drying methods, the latter being used mainly for products formed by emulsion poly-
menzauon. yielding 2 polymer whuch is similar to a very fine white flour. These very
fine solid particles are fed directly into a spray«drying column without dewartering. The
drying temperature should not exceed 60°C to prevent thermal decomposition of the
polymer. A cyclon separator at the exit end of the dryers removes coarser parmicles.
The solid polymer particies are then sized by multipledayer screens, air<onveyed to
storage bins or nlos and finally packaged for shipment (Albright 19674). The resultant
dried powder contins about 50 ppm of monomar (Bzrmes 1976),

22 Methods of Polymerization

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

Suspenuion Polymerizanion. Polymerization is carriad out in an aquecus system in
which menome: droplets are maintsined in suspension by rueans of protective colloids
(such a3 polyviny! aicohol, geladn, subsrituted celluloses) under heat and presume in
conjuction with brisk agitation. Reladvely large palyroer pasticies can be obtained by
this method which *2ry blend’ well.

Emulsion Polymeriza:ion is the oldest technique, to which suspension polymerization
was added in the 19505, The proces is similar to that in suspension poiymerization,
except that large amounts of emulsifying agens (such as soaps or other surfactants)
are added, Emulsion polymerization yislds resins of a very small particle size, The
emulsifiers cannot be completsly removed.

Bulk (Maxs} Polymerizarion. [n this process VCM is polymerized in two stages without
the additon of other liquids. The two reactors are operated batch.wise and in series.
The first reactor (s ‘prepolymerizer”) provides for the initial liquid phass, whils the
sscond one is uwd for agitsting the surry, which bs transformed, through s sticky
solid state. to exsentially dry particles uadl the conversion (rom monomer to polymwr
reachas a Jevel of about 75%.-80%, The resins obtained by bulk polymerization are
characterized by high puriry and particle yniformity, reniting in an end.product of
good optical clarity,
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Scrlution Polvmerization. This type of precipitation polymenzation is carned out in
organic solvents such as n-butane or eyclohexane. It accounts for only a small percent.
age of the total amount of all PVC resins produced and it is used for the production of
«opoly mers. Copulymers are mixtures of comonomers (such as vinyl acetate, vinyl-
stearate, vinylidene chloride. propylene, aerylonitrile ete.) and vinyl chlonde. The co-
monomers tend to improve flextbility and limited solubility of the product in salvents
and exert an intluence on the temperatures required for compounding.

2.23 Compounding

As a next step, depending on the end use, the dried polymer, a whitish powdety or
granular product, is then compounded (or dry blended) under pressure at fusion tern.
perature with the aid of plasticizers (mainly phthalate or other arganic esters) and light
and heat stabalizers (heavy metal salts, organoun compounds. and other stabilizers).
Lubricant or dyes can be added. Plasticizers are added for the production of flexible
PVC. ngid PVC contains little or no plasticizer. These additives can also be a source of
toxicity . The plasticizers may slowly diffuse out of the fina) product depending on its
compatibility. Lead-contaning stabilizers may also pollute the working atmosphere
(Smoldic 1966: Tols 1975). Compounding is carried out by hot mixing at fusion tem-
peratures below or withun the softening range (120°C~160"C). Divensified compound-
ing and processing technologies were developed about 1950.

The compounded polymers are used for the production of diverse end-products.
The final conversion of the thermoplastic PVC resins into consumer end-products is
accomplished by such procedures as extruding, calendering, injection or compression
moulding. blow moulding, dipping (coating) and hot spraying. Temperatures used in
these processes range from 100°C to 300°C. End-products include a vast number of
articles used in almost every sphere of daily life. The tempcratures during the fabrica-
tion operations (compounding and conversion of compound polymar into consumes
articles) drive off part of the small concentrations of residual monomer still contamned
in the polymer. Bames (1976) calculated that the final fabricated articles contained

approumately 5 ppm VCM and those for foodstuff packaging (bottles, films. foils)
even less.

224 Sources of Exposure to VCM in PVC Production

Both polymerization of VCM and subsequent processing (centrifuging, drying. screen-
ing, bagging) are usually carmied out in closed buildings. Exceptions can be found in
hot climates (dryanpur 1977). Polymerization is of necessity a bawch process that re-
quires a large number of single operations. There{ore, valves, gaskets, shaft-openings
and control gear are fubject to heavy wear and thus to leakage. Other sources of pollu-
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 monitoring
equipment and special exhaust systems. Opening of autociave vats for cleaning and
control purposes resulted in larger spill-over of the tank atmosphere into the work ens
vironment. Numerous reports of workers with prenarcotic symptoms (dizziness etc.)
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Jutin permut the conclusion that episodes of acute vvarexposurs to VOM were not rare events
1 percent. in the pau, :
“retion of There is no Joubt, however, that thuse workers who manually cleaned the auto- X
winyle clave vars by seraping away or chipping of7 ths “poly mer skin” fonned on the resctor . !' “f;‘é
The co- walls (‘puls sleaners’). and who in the past had (o spend several hours inude the reae. vl
- solvents tors. irad been exposed 1o the lughes: soncentrstions of VOM. Although the vats were =
degussed prior to entry, unreacted monomer remained trapped mn the polymer skin, ' ".«_%c
and larger amounts of VOO wers released when cavities formed in the polymer crust oo
were opened by chipming. The later introducuon of automanc cleaning systems reduc- : ;'— o
ed the frequency of entry into the reactors, but some manual clsaning of shorter dura- ' S,
" tion stll had to be done arter every 20th-30th run, It is. thercfore, plausible that. pn- N4 o
“ or marily, the most severe adverse ¢ffects of exposure 10 VCM were fully recognized in '8 3
':::l::m those workers who had been employed in this job category. But the subsequent steps ; I
heefs). {centrifuging, drving, screening) also invoive the release of some of the lesser quanti- ! Gl
fexubie ties of unreacted residual monomer from the particies to pollute the enviconment if : E'}?, .
wuree of venulauon. notably of the drying facilities, is inadequate. Finished polymer, ready for P
. shipment ot subsequent compounding. still contains small quantities of unreacted mo- : g-g\‘ :
ugonits Ly . ! =
cohere nomer, which either :lqwly diffuse out and pollute the bagying areas during storage or ' .»*’
on teme are dnven out by the high temperatuces necessary for compounding. i B3 o
mpound- ' _
, Table 2. Conversion table for concentrition of VOM in ambent air . s o
‘ducts. . Bt
uets i Mol wt 1 f3=é s
ne. u|'on | ppm = l—om mgilitre . _1';_ :
eed in Y ¥ . o)
e , 2445 x 1000 g o
ts fie3e 1 mg per litre = oL wr pem -;_x_::- =
wier . ool
cgined (Patry 1958) %
izined d -
(X"l
he) ! mg/litre » 191 ppm
I mgim® = 0 391 ppm
Ippm = 246 mgpim® = 000256 mylitre
1 *10000ppm = 156 mplitre

*. Kreen-

any in e

dhat re- ==35 The Explosion Hazard
wnng In the past only the explosion and fire hazard of VCM was thought to be the domi- .

of poilu. nant monitoring problem in haadling gaseous vinyl chloride (frith 1963), This harard
sree of covers 3 concentation range of 4%-—-22% by volume of air (40 000-220 000 ppm)
wtoring (Lefax 1966), It was observed that VCM. being 2.15 times heavier than air, may col-
gand lect as a compact layer at the floor of s polymerization building after spill.over from
work en- opened tanks and may catch fire. At Jeast two instances of disastrous VOM explosions

Wetc) became known: [n 1964, 3 large plant for the polymerization of VCM in the United
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States was almost completely destroyed when VCM escaping from a leak detonared Table 3. Odr
(Aibnghr 19672). Another explosion in one of the two Rumanian factones operating —
at that time was mentioned by Suciu et al. (1975). Monitoring of VCM concentrations Lower imit .
polluting tie work environment was then directed largely towards prevenung VCM 5 000-10 00
from reachuing the flammability limit. . - 5 ot
. 410
5 s 35¢
G4 2.2.6 The Odour Threshoid 56
:-..n . ‘_- 400-50,
1Y : Unfortunately, gaseous VCM has no irritating or unpleasant warning properties. Its 40
¥ gy mild odour is described as faintly pleasant, sweet or ethereal. Some of the PVC 40
"!:' g workers we interviewed reparted that they had even enjoyed ‘sniffing the gas’, which
&H? soon resulted in a feeling of light-headedness. For the early days of PVC production,
: ’i when appropriately sensitive monitoring equipment was not yet available, workers' re- “,’“mhl“:; be
'..,5.” 3 ports about perception of the odour of VCM can be taken as circumstantial evidence ti¢ and _' A :
R for a rough estimate of the actual degree of exposure. It should be kept in mind, how- oxygen; concc
o o ¢ ever, that in chemical production units the presence of other odoriferous chemicals 21"‘;';"'1 "h“‘
L < and the possibility of olfactory fatigue, as well as different levels of individual sensitiv- X ;'.V&h;llm'
Ml ity, may render it very difficult to determine the factual odour threshold of a certain ’”’: al h 0!
g:ﬁ?—“ gassous substance unless it possesses irritating waming properties. °":;' l
: "'__ ¥ In 1929, Sc/imidt and Schaumann declared that the faintly sweet gas is practically commented u;
g s 6 odourless at concentrations of 5%-10% by volume. Veltmean and Lange (19771, b) ';g": abou; "
M 2 assumed an odout threshold of § 000-10 000 ppm. Volunteers exposed 1o VCM mm-l ';':‘:of\
T § detected a slight odour at 4 100 ppmn; a distinct odour was noted at 6 600 ppm for 0 '° ( al i
-J$‘ 30 min and this was accompanied by subjective symptoms of dizziness and sleepiness 4 :’ ? o
.;‘:;::5. 2 (/rish 1963). Gehring et al. (1979) recently mentioned a threshold of approximately car ': oxicity
.: N I 3500 ppm. Others have claimed that 3 concentraton of 400-500 ppm is the lower ;:::: 0&:";:12
Py ' limit for detection of VCM by its odour (Barerra et al. 1969; Cook et al. 1971; Marko- amines (frish ;
ot wits et al. 1972; Lefévre 1975, cited by Hubler 1975). Barerra ot al. (1969) conducted the P !
‘ experiments with concentrations of 50, 250 and 500 ppmt in an exposure chamber, in past for an
2 .5_‘” which 13 volunteers participated. At 500 ppm only some of them claimed that they
L f;iér_; i were able to detect the odour, but this was inconstant. Table 3 shows that differences 228 Effects
L between the various estimates are at jeast one order of magnitude. The close proximity
R o between the perception of the odour of VCM and incipient CNS symptoms a3 reported Some individu
N Q-}'E\,' . by Insh (1963), however, makes it likely that the actual odour threshold can be a3. listed in Table
, sumed at or abave 4000 ppm. without acute
L In contrast to VCM, the comonomer vinyl acetate, for instance . has distinct wam- fymptoms sucl
H ‘.. ! ‘{2“-; ing properties and can be detected by its odour at 3 level as Jow 25 0.4 ppm; eye and adequate wam
: fﬁt throat irntation begin upward of 5§ ppm and are notad by all test subjects at a concen- expasure 10 hig
I tration of 21.6 ppm (Deese and Joyner 1969). A2lyearold.
i 10 min after &r
AP 22.7 VCM as an Ansesthetic Agent :::‘:i:cmmlmb.:
T3¢
ats VCM was once even considered for use as an anaesthetic agent. In 1929, Schmidt and e e deut
'—“" _ﬁ;g Schaumann speculated about using VCM as a supplementary narcotic at concentra. doubt that hea

tions of 3%—5% (v/v) (= 30 00050 000 ppm) in combined nitrogen oxide oxygen found dead wii
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Table 3 Odour threshoid

Agthor

$000-100Q00 ppm Feltnan 3nd Lange 19772, b

£ 000 ppm Uiolal 973
4100 pem Ingit 1963
3500 ppm Gehtrng et ai 1979 !
500 ppm Barezixs 21 4: 1969
400-500 ppm

Lerévre 1978 fortad by Hudler 1978
ties. Its 400 ppm Cook et al. [971

400 ppm Markowres eval. 1972

rodustion.

\ workers' fe- anaesthesia because of its potent narcotic action and the wide margin between narco- ' r;fi '
; o endence uc and .ethal concentrations. In animals it produced anaesthesia at 7e—10% in air or Ty
. \mind. haw oxygen: conceatrauons above | 2% proved to be dangerous. The suthors pointed our, -
chemi&ds however, that adverse [ate effects of this halogenated hydrocarbon could not be ex- R 25 =g
Iual sensy- cluded. In toxicity studies with guinea pigs Paesy e al. (1930) found soncentratons of : :
f 8 certamn 107 VCM to be lethal within 30--6Q min, 5% 10 cause maried narcosis, and 0.5% for
several hours to be the maximum tolerable exposure without senous effects. They also :
< practically cornmented upon the potential use of VCM for surpieal anassthesis but were undeter- ’
. :773 by runed about its practicability. In mice, the minimal anaesthetic range was found to be .-
10 Ve 3.5-5 mmol (85 000122 000 ppm) for 10 min, the minimal Jethal range 10-12 '
) ft’" . mmol (244 000293 000 ppm) (Peoples and Leake 1933). It was not until 1947 that
,p::: inets Osrer et al.. in congrast to Schgumann’s earlier assumption (1934) of a relatively low .
" v ) cardiotoxicity, wamed sgainst the use of VCM as a potantial general anaesthetis in :
imately man because of serjous cardia¢ irregularities and ECG changes observed 1n dogt. VOM, 1
"f.‘l'?""" . like other halogenated hydrocarbons, senntizes the heart to the effect of catschol- t
.’..-o.ﬁ d::t:d amines (/rish 1963). We gould not ascertain whether VCM has actually been used in
\ in the past for anassthesia in man. .
gt they
differences

228 Effects of Acuts Overexpasure in Man

! proximity
: a8 reported Some individual responses of volunteers to increasing concantrations of VCM are
an be as. listed in Table 4. Letrer ot al. concluded in 1963 that the maximum concentration
without acute effects in man lies berween 8 000 and 12 000 ppm for § min, and that
*inct warn. symptoms such a dirzines, light-headednes and disorisntation should be taken as o
eyeand adequate warning signs for imminent acute danger. Two fatalities after occupstional -
t 2 concen- txposure to high concentrations of VCM ars reported in the literature (Dansiger 1960). SR
A 21-yesrold amoclave cleaner at a Canadian polymerization plant was found desd M
10 min after entry st the bottom of a probably insuificiently veatilated reactor tank IR
which had been declared safe solely after an explosiometer test. Heart failure cells and i;“llf :
cardiac enlargement found at autopsy, however, implied that the cause of death might 2E
have been acute functional disturbance in preexisting heant disease. In the second case b
lmadt and which oceurred at the same plant, howsver, circumstantial evidence apgarently left no ey
wentrs. doubt that heavy VCM exposure was the cause of death in a 39-vear-old worker. He s oy
oxygen found dead within 20 min, lying in a pit near the opened valve of a recycling pipeline Tk
537
Ty

o

BYEAX

fumd

i

'
L £

D it

{35 _ (44229
A gvirati AN T S
e S e e
S A e F g A TR e



2

2]
-T..'r.-m Al

-

N
.13
v

pOEEN N

e

;4‘&' 3 29
S Asnmi il L

1Y

iy o N A

ad
>
AT B AR £ 8 P A AR

¥

oty Ly

PR I
e B

b

{

AP A o 4

CH LN,
Rkt

ferw
2 A

]

I

f :

'_il'
R o

¥t

§
R
i <

s
o 3!

12

W.K. Lelbach and H.J. Marsteiler

Table 4 Individudl responses ot volunteers to increasing concentrations of VO

Conwentration Duration of

Symptoms

Reference

expusure
£00 ppm 75h
4 000 ppm -
6 600 ppm 30 min
8 000 ppm
12 000 ppm

S min3 (twice on
16 000 ppm { each of 3 succes-

sive days)
20000 ppm

-5 000 ppm 3 min

(Inconsrant odour detection)
mild headache, dryncess of
eyes and throatin 2 of 7 subjects)

Generally accepted odour

threshold

(Distinct odour)

dizziness, sleepiness’

2 of 6 subjects ‘slightly heady’
| of 6 subjects had reeting.
swimming head, just ke

getling gas’

§ of 6 subjects, vanous degrees

of intoxication

All 6 subjects had more intenwe
‘symptoms of acute intoxition
than at 16 000 ppm

2 experimentery:
dirziness, disonentation,
buming sensation in the soles

of the feet

Burerza et al.
(1909

Irisri 1196 3)

Insh (1963)

Lester gt al.
(1963)

Parry et al,
(1963)

3 Exposure to six different concentrations: 0 ppin: 4 000 ppm: 8 000 ppm: 12 000

ppm: 16 000 ppm: 20 000 ppm

through which non-polymerized residual VCM was pumped back into 3 rescrve tank:
another man coming to 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 (Spirtas
etal. 1975). A maintenance worker experienced acute narcosis while repairing a VCM
leak, and a worker cleaning a polymerization vat from outside with 3 water jet sudden-
ly collapsed across the open manhole. Subsequently he complained about tightness of
the chest, nausea, abdominal pain and headache. Occasional loss of consciousness was
aiso reported by Lilis et al. (1975) in 14 of 354 workers at Niagara Falls and by Suciu
et al, (1963) at a Rumanian plant. VCM-induced narcosis, at least on one occasion in
the past, had occurred in 46 of 8 worken (79°%) referred for medical surveillance
from one British PVC-producing plant (Wand et al. 1976), with a 1007 incidence of
narcosis in 28 symptomatic workers (Raynaud’s syndrome and/or acroosteolysis),
Successful resuscitation after VCM-induced narcotis of several hours’ duration with-
out evidence of perrnanent damage was mentioned by Rery et al. (1974),
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2.2.9 Momtoring VCM Concentrations in Working Areas

Dunng the first two decades of PVC production (1930=1930) no publication conrain.
ed data on VCM zoncsnttations in the wnsking enviroarent. The main mterest then
was dirseted towards prevention of the ¢xplosion hazard. [n 1957, ke observanon of
an aprparently toxic angioneurosis in Russian PVC production workers (Simernarg
1983, Pleshehirser et al., cited in Filatove and Gronspery 1957) mdueed Frlarad and
Gronshery to investigate environmental VUM tonceatrations in vanous sans of 3
Russian polymenzation plant in Gor'kj. Aithough most readings wers in the range of
0.05-0.08 mg/litre (= 20-313 ppm). ¢ §. belaw the maximum pennitted VOM con-
centration of 1 mg/litre (approximarely 400 ppm) as specified by the Seste Sanutary
Inspectorate at that time. escapes of VOM in the resctor aress from Jefective (ittings
or from the discharge of operating sutociaves resuited in excursions up to 29.5=-[ .4
mg/licre (= 11 500=16 200 ppm) for penods of 5=10 min. One peak reading of 87.3
mg litre (% 34 000 ppm) was recorded.
in the centnfuging and drving area of this plant the VCM content of the ambient
ar ranged from 4 ppm to 3 100 ppm with most readings between 2Q ppm and 195
ppm. which was attributed to release of residual VCM from wet PVC renn and poor
ventiiauon. The screening and bagging area was characterized by high dust concen.
trations. sometimes excveding the official uprer limits set for non-toxic dusts, In the
pursuit of improving industrial hygiene, the installstion of modern ventilation equip-
ment in the vicinity of the sutoclaves, substitution of hand-operated by semi-automat-
1 drving facilizzes, and avoidance of leakages succeeded in reducing the smbient con-
centrations of VOM to below 0.05 mg/litre (= 20 ppm), but toxic angioneurous still
enatinued to be diagnased. This led the suthers to recommend that the maximum per-
mutted concentration of VCM showld be reconsidered. )
In a plant produzing VOM, Filgro=s et al. (1958) found Jower concentrations in
the range of 0.04-—1.1 mg/litre (16=439 ppm), with maxymum vajues of about 1200
prm (2.93 myflitre), the latter having heen observed in close proximucy to the recuf.
ication apparatuses and having resuli ., from spillage during sample collection. It is
remarkable that up to now the Soviet Union has reponied no cases of angiosarcoma of
the liver, although productuon of PVC resins started eardy and VCM exposures in the
past have probably been in the same range as those observed in Wemtern countries.
8yrén et al, (1976) pointed out thar dusing the 19503 episodes of unconsciousness
which occurred among workess of the one Swedish plant operating at that time indi.
cated peak exposures of 3t leasz 10 000=15 000 ppm. Suciu et al. (1975) noted that
between 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 my/m? (= 50 ppm) in 1965=1972. In 1969, Angi:clescu et 2l meadoned
sxparures 10 VOM concentrations of 112545 mg/m?® (44~213 ppm) for & group of
300 Rumanian workers, eight of whom (2.7%) had Raynsud's phenomenon. At a
Greek plant which started operation in (967, certain stages in the production process
resulted in high concentrations of VCM in the work environment for brief periods
(Gitsios 1971). In 3ir displaced from rescton during sddition of water and on opening
of the reactory to obtain PVC samples at tive end of 3 reaction cyele, concentrations of
up to 10 000 ppm were found. In open waste drums intd which waste polymer scraped
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147 W.K. Lelbach and H.J. Marsteller

away from reactor walls during cleaning was placed, concentrations of up to 600 ppm
were measured.

In the report of a World Health Organization (WHOQ) working group on vinyl chlor-
ide (IARC 1974) it was stated that in a reactor of 15 m? (production of 35 tons of
PVC per cycle) a crust of 4 kg PVC contaning 3%-5% VCM can he formed on the
innet surface. During the cleaning procedure 30%%-50% of this VCM content is liber-
ated. It was calculated that the probable concentration of VCM within the reactor
after 3 1h cleaning operation was about 2700 ppm, but that it could Le reduced to
90 ppm by 30 renewals of air per hour. In the past a polycleaner used to spend 4=3 h/
day inside the reactor but later the introduction of (not fully sufficient) sutomated
cleaning reduced manual cleaning procedures to shorter periods of 10--15 min follow-
ing every 20th—30th reactor cycle. A Belgian company, where monitoring in the work-
ing area was started in 1967, claimed that measurements at various sites inside 2 9000-
litre autoclave during the manual cleaning operations had shown VCM concentrations
varying between 50 and approximately 540 ppm, with a mean of 413 ppm (Hubler et
al. 1977). According to data provided by Cook et al. (1971), VCM concentrations
within the reactors prior to ventlation were in the order of 3000 ppm. The reactor
cleaners usually did not enter the autoclaves until an aeration period of 15~20 mun
had reduced the VCM concentration to what was considered satisfactory limuts, In the
early days, this was tested either by ‘sniffing at the manhole opening’ (the lower limit
of detection of VCM by its edour having then been accepted as 400 ppm) or by use of
a flammable vapour indicator which required 3 minimum of 400 ppm for positive read-
ings, equalling 4% of the lowsr explosive limit of VCM. Later more sensitive methods
such as gas chromatography were said to have shown that VCM concenirations inside
the reactors tended to be below 100 ppm during cleaning operations, but VCM releas-
¢d from the residue during scraping resulted in concentrations of 600-1000 ppm
measured close to the hand.

The Dow Chemical Company started monitoring the work environment in 1950 by
means of grab samples; continuous monitoring was installed in 1959, While time-
weighted average (TWA) concentrations ranged from 10 to 385 ppm dunng this period
(1950-1959), excursions up to 4000 ppm occurred, agreeing with employees’ reports
of experiencing dizziness while loading or unloading reactors (Qrr et al. 1975).Ina
second unit with modemnized equpment excursions up to 600-1300 ppm still occur.
red during the period of 19531959, In 1959, when toxicological data indicating ad-
verse effects in animals exposed to 100-500 ppm VCM had become svailable (Torke!-
son et al. 1961), the Dow Chernical Company introduced a new $0 ppm guideline for
the work environment. Excursions and peaks up to 500 ppm did continue. Measure-
ments of TWA exposures for various specified job categories in two production units
of this plant betwesn 1950 and 1966 were presented by Otr et al. (1975). In 1968
BASF (West Germany) introduced continuous monitoring by infrared absorption
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 occasional ceiling values of 70 ppm (Fleip and Thiiess 1974),

In several surveys individual jobs were grouped into three exposure categonaes ac-
cording to job classification to evaluate past exposure experiences (Spirras et al. 1975;
Williams et al. 1976; Blendis et al. 1978). These exposure indices wete: (3) light = less
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than 50 ppm: (b) medium = $0-200 ppm: 1¢) high * 200 pom znd above (up to 1500
pom). In the past, however, esumates of exposure concensrations were based 1n most
Flants not on continuous momitoting Juring the entire work shift but at best on sput
sanples not nezessanly representative of the different phases of 3 iven operauon,
Estimates of past exposure leveis such as those represented in Table § are, therriors,
mors or less conjectural, It can be assumed that considerable desations from these .
average values have ocsurred all too oiten in the past.

Table 5. Average concentrations of VCM n the working
atmosphere of PVC-ptoducing pians™. 1 Esumated by :
Cliemical Indusines Assoctauon Lid.)

(9451958

AT S
- -ty

by, ~

~ 1000 ppm . i “ty.

1955 -1950 ~400-500 pprn . MRSy
19601970 . ~ 200=300 ppm : e
mid-{973 ~150 ppm e
lg“ © % 50ppmand less ¢ L
1975 ~ | Pl e
i ik

3 According to Fleg and Thiess 1973, Barmes 1976 | poa B

1
Equipment for optimal continuous multipoint monitoring of exposure concantra.
tions in the working areas should mest carain basie requirements: (1) For stanonary
equipment strategically piaced sample probes should yield data representative of indi-

A
IS :
1

ly specifiad standard regulating the permissible upper level of exposure. (4) Measure- -
ment should be ingantaneous (within seconds) to guarantee rapid detsction of eritical

peak concentrations. {5) Recording and Jara procesting techniques should be provided
for the daily estimation of TWA exposute during the whols work shift.

Currendy available methods for the determination of ambient VCM concentration
comprise such analytcal tools as long-path infrared spectrophotometry, flame ioniza-
tion detection, gas chromatography, mass spectromatry, combustion-conductivity
(ionoflux ), and personal sumplers in combination with gas chromatography, nons of
which can at pressnt be considered as absalucely s3tisfactory for all individual plant

wvidual exposure levels in the breathing zone of workers, preferably (0 be used in com. ! ’;:’? i 4
bination with personal samplers. (2) Analysing methods should have a high selectinty. g e
(3) The limit of detection thould be 3¢ least one order of magritude belaw the eurrent- t pEkiigd

T X
conditions because they all differ with regard to sslectivity. Umit of detection and time ?li‘t*f'~
lag of response. o o

A catalogue of the mathodolopies that have prowd to be of value in the control of [Pl
industrial hygiene and pessonael protection regarding exposure to VEM was compiled el
in 197$ by Rowe. e

iy
2210 Exposus to VCM in PVC Procensing (-Fsbricating) Plants e

.
Raw PVC powder ready for compounding and fabricating purposes contains residual - A
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was reported to have been as high as 6000-7000 ppm (w/w) in some types of raw
PVC. but a level of 500-1000 ppm probably was a more represcntative range
(Schwerrzer 1975 VKE 1974: Karsredt 1976), The monomer slowly escapes into the
environment exponenually with time. Jepending on length of storage penod. tempera-
ture. size 3nd porosity of particies and other physical properties of the poivmer and.
more recently, on the effectivity of spacial degassing techniques (Preer 1976: Scluez
and Wolf 1977). In 1975, the Association of the German Plastics Industry announced
that in future only PVC powder with 1 maximum monomer content of 10 ppm would
be put on the market due to the development of speciat degassing technologies (VRE
1975). Analyses of the types of raw PVC, chiefly suspension polymer. which are now
used in German plants showed that in most products the content of unrezcted mono-
mer was now less than 20 ppm but in some foreygn products it still ranged between
150 and 250 ppm. it also turned out that there may be considerable varistion be:ween
different batches of the same product (Sefuirs and Wolf 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 special ventilation equipment. Depending on the content of residual
monomer, considerable amounts of VCM could be set free during the mixing process,
as was shown by Bruder and Straby (1975), 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 environmen:. Although recently con-
ducted measurements of the concentration of VCM in working areas of six German
PVC fabricaung plants have shown that in 90% of the readings mean levels integrated
over 1-h periods now range below 0.1 ppm, numerous short bursts with excursions up
to 60 ppm during a workshift were recorded in one instance (Sc/uitz and Wolf 1977),
Simiiarly low concentrations of VCM in breathing zone samples (maximum: 12 ppm)
with 6077 of the values ranping below 1 ppm had been found in 1974 in nine United
States fabricating planus, but source sainples had ranged up to 340- 540 ppm (Karsredt
1976).

These present resuits, howsver, do not permit any ¢onclusions s to past levels of
atmospheric VCM during the years when residual monomer content of PVC resins was
high and ventilation insufficient, particularly in compounding and extruding units.
Whatever the extent of the risk might have been in the past, it can be salely assumed
that the ambient monomer concentrations in fabricating plants have always been con.
siderably lower than in PVC-producing piants.

When it was suspected that certain VCM-related svmptoms might also have afflict-
ed PVC process workers, this problem was investigated by our group. Although no
cases of acroosteolysis, pseudoscleroderma or angiosarcoma of the liver were observed,
svidence was presented which demonstrated that minor and incunspicuous lesions such
as mild hepatic fibrosis, bromsulphalein (BSF) retention, thrombocytopenia and sligint
enlargement of the spleen could be found in 28 process workers who had been em-
ployed for years in compounding and fabricating units (Lange et al. 1975, 1976a:
Wegmnan 1975, Marsteller a1 al, 1976). In principie. these lesions were identical with
those seen after heavy exposure as we will describe, but the degree of Jomage attribut-
abie to occupational VCM exposure observed in these workers was not considered suf.
ficient to entitle them to disability compensation under German law. Although the in-
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consprcuous character of tivese lesions aprees well with the assumption of s dose-re-
spuiise telationship of VOM-related disorders and the alterations may teem to be.
quanmatively, of little importance. they should aot be nunimized. Neverthless. an
observauon period up to the present of Jimost 7 years did ot reveal any sgontanecus
progression. {0 a proportional mortality study for [970-1972 among roughly 35 200
male PVC fabricstion workers in Eagland and Wales. Baxrer and Fox (1976) did not
find an excess of anposarcoma or other liver diseases.

A recenty complered cohont study ot 4007 people who had been cmploved by
two German PYC{abncaring plants between 1934 and 1974 and of whoin 360 had
disd revealed that overall mortality. although marginally below that of the male popu.
lauon of the Federal Republic of Germany . was slightly slevated with respect to the
*healthy werker efTect’. No angiotarcomas of the liver were observed and no excess in
overall cancer mortality was noted, but 3n excess morrality from brain tumours was
recorded in one of the two plants (Rewf et al, 1978).

2.=.11 National Standards for the Control of Exposure

Indusinal hygienists have used several designations for aceeptable or permissible limits
of exposure to chemnicals at the work place, suci 13 ‘maximum allowable concsntra.
tion’ or ‘maxirium acceprable conesntration’ (MAC), ‘threshold limit value' (TLV).
‘industeral hygiene standard” i the United Staces snd as “Maximale Arbeitsplatzkon-
sentration” (MAK) in West Germany. Thess empirical standards were defined by the
Amencan Standards Associstion as setting 1 limiting concantrauon “for exposures not
exceeding 8 hours daily during 3 $0-hour work week with the understanding that vana.
uons should fluctuate Selow this value™ (/i 1963). An extensive discussion of the
basic approach to the principles used in setting environmental quality standards for oc-
cupational respirat>r expasure 1O toxic agents can be found in the paper of Zietiuis
{1974). In this pap--. *he conceptual differences between threshold Limit values as
used in the United States and maximum allowable concentrations 35 used in the USSR
are summarized and the differences in approach and emphasis, wiuch may expian past
discrepancies hetwees permiissible limjts, are elucidated, For details the reader is refer.
red to this paper.

The standard is ar an index of relative toxicity, far lem of hazard, 3nd certamly
not 3 sort of ‘gverage’. A standard set s the ceiling level impiies that any {luctuations
should be wround s median of perhaps half the standard and that it should be compe-
tenty used in full swareness of its physiological basis and the limitatons of currently
svuilatle knowledge (/rish 1563). The standard will be subject to revision as soon as
new nformation is avsilable, An essential elament of the annually published German
tist of MAK values (MAK-Werte) is its preamble, which exhaustively defines the .
various modalities for the interpretation of such standards (Hensehler 1972173). The
so«:alied TWA, an inwgration owr time of luctusting concentrations, will be a useful
tool for estimating the probability of injury only if it ;epresents a comprehensive anal-
ysis of the nonmal ucroation selow the standard,

* In the Federal Republic of Gerrmany the standard for VOM (MAK) was set at S00

ppm in 1966. The German Standards Advisory Commirtes raduced this to 100 ppm
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in 1970 in conformity with the proposal of Torkclson et al. (1961). which was based - Table 6. T
on the results of their animal experiments. In June 1974, when the earcinogenic prup- —————-
erties of VCM had been well established. the MAK regulation for this chemical was re- Country
pealed and instead a preliminary technical guideline (Technische Richtkonzentration)
of 50 ppm was instituted (VKE 1975). The Chemical Industries” Liability Insurance Belgum
Association ( Berufsgenossenschaft der Chemischen Industrie) also issued instructions ¢
for the prevention of health hazards arising from handling of VCM in July 1974, As f"““
3 of July 1975, a technical guideline (TRK = Technische Richtkonzentration) of § ppm. Finland
3 defined as annual mean, for PVC-producing and -fabricating plants was instituted, per- France
St mitting excurtions up to |5 ppm during periods of not more than 1 h. In order to German D.
s . ... adapt operating plants, a provisional regulation was issued with reduction of the an- Repyblic
: ,-;-‘-"é'ii nual mean concentration to 20 ppm as of July 1978, and to 10 ppm as of July 1976 Iran
O : and peak concentrations over 1-h periods not exceeding 60 or 30 ppm, respectively ltaly
s 5 (Veltman and Lange 1977a2). The technical guideline (TRK value) was revised in 1977
K oedc (2 ppm annual mean/5 ppm per 1 h). Japan
Bt ,} In the United States the threshold limit value for VOM was originally set at 500
f:&bv ppm in 1947, It was reduced to 50 ppm in April 1974 as a temporary emergency stan-
bty dard and finally reduced to 1 ppm/8 h in 1976, Haley (1975) summarized the conflict. Netheriand
‘ N us ing views on vinyl ¢hloride regulations proposed by Government and industry in 1974, Rumania
‘_; ST Table 6 shows threshold limit values in 2 number of PVC-producing countries.
~EAATAR Sweden
s’ 1y 5 : 2.2.12 Exposure to VCM Quuside the Working Area Switzerian
i A '
Wl .2 The Environmental Protection Agency estimated that PVC.producing plants in the United Kir

United States discharged about 90 nullion kg VCM annually into the envitonment
(492—8% losses), most of it as air ernissions and lesser quantities dissolved in water
effluent streams and entrapped in sludge and solid wastes (Sc/nveirzer 1975). Ina USA
pioneer study, concentrations of [ =2 ppm VCM were found in the ambient air near
such a piant (TARC 1974), 23 ppm in the primary water effluent and 100-200 ppm
in the sludge at the plant site, but sampling and analysis methods used were later
found to have been inadequate so no conclunions were drawn from these figures since
. they could have been in error by as much a3 one order of magnitude (Se/nveirzer
1975). For peopie who live within S miles of monomer and polymer production facil-
ities in the United States an average exposure of 17 ppb during the years of uncontrol. USSR
led emissions was calculated (Nicholson 1977).
In the past VCM has been widely used as an aerosol propellant. either alone or mix-
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- ; A ¢d with fluorocarbons, hydrocarbons and inert organic gases. in household and cosmet.
BT 1y ic products (hair sprays, deodorants, pesticides, room disinfectants, paint sprays,
; ".d wd fumniture polish and window cleaners). In Germany, VCM was proposed as propellant
Ry for aerosols in 1958 (Osrermayer 1967), in Japan it has been used as a propeliant since F :.'d'"l Re,
ZArie 1958, in the United States this use was probably introduced after 1962 (Se/nveirzer srmany
el 19751, Asan acrosol propellant. VCM has been a possible source of exposure for the
A 'ﬁ'} _ public 2 targe, particularly for woinen, the extent and the potential health implica.
tera, tions of which are unknown. Use of aerosol produers in confined spaces has been re-

ported to result in air concentrations of VCM of up to 400 ppm in closed rooms,
even after only short bursts (30 5) (Gay et al, 197%), which could persist for several

b

Sources: S»
73;1ARC R
1977; Schu,

QA Ve R
m_: Y e s
L,




l s wnd B Marsieiter

v which was based
; Jar@negenic prop-
«ing chernical was re-
*.chtkonzentration)
ability lnsurance
risued instructions
1in July 1974 As
satrationt of § poem,
< wad nsucuted. pec-
: { k. In order to
Juction of the an-
-m as of July 1976
Fpm. respecuvely
') was revised 1n 1977

wnally set at £00
‘raty emergency stan-
marized the conflict-
wnd industry it 197+,
1 ountnes,

ing piants in the
the environment
T enlved in warer
iazer 197851 Ina
e ambuent awr near
++ and 100-200 ppm
. used were (ater
s these {igures since
ade (Schwetrzer
mer production facil.
“he years of uncontrol-

e, either alone or mix.
iwousehold and cosmet-
“, punt sprays,
-oposd a3 propeilant
*J a8 » propellant since
't 1962 (Schweitzer

* of exposure for the
uha] health implics.

il spaces has been re-
vin closed rooms,

i persut for several

Vinyi Chionde-Assoviated Disease

Tabie 6. Thresholt limit values 1 TLVY i vanous coun tries

Counrry Year

TLV
fppm)

Comment

Belgum 19°f
Canada 1978
Finland 1975
Franae 1978
German Demouratic. =
Republic (DDR) 1976
Iran 1976

ltaly 1975
(furure)

Japan 1970
1974
1975

Netheriands 1978
Rumania -

Sweden 1975
1976

Switzerand 1975

(future)

United Kingdom 1978
October
1978

UsA 1947

April
1974
Ocrober
1974
1976

Federal Republic of 1966
Germany 1970
June

1974

1975
1977

350
tor2s
5410
ht ]
<00
£12
as/%0

50
125/50)

500
=00
810

10

100 mg.;m?
(40 ppm)

$/30
5

100
10

25/80

10/30
500

50
b1
s

1 mg/litre
(39] ppm)
30 mg/m?
(A 12ppm)
500

5/18
o8

TWAS hils mim
TWA (8 h/18 min)
TWA S, S mum
TWAI13 h)

MAC (Schotrek 1969)
(Kanerzke et al, 1978)

TWA(Bh/I W)

TWA 8 h)
(TWA 3 015 min)

MAC
MAC
(28 mg/m*)

TWA (8 h)
MAC (Proden et al. 1975)

TWA (8 r/15 min)
TWA (8 h/1S mun)

MaC
TWA (8 k)

TWA (8 2/15 min)

TWA ( personal/etiling)

MAC (Amer. Conf. Governm.
(ndustr. Hypenuts)

TWA (8 h). temporary emergen.
cy standard (OSHA)

TWA (3 h), temporacly permt-
ted exposure

TWA (3 h/15 min)

MAC. provisional ceiling concen-
tracion: State Sanitary Inspec.
torate. 1957 (Filarorg and
Gronshery 1937

NAC (Schormek 1969; Kertner
1975) (Sanitarnye normy)

MAR

MAK

TRK (preliminary technical
guideline). Aanuiment of
MAK regulation.

TRK (annual mean/t h)

TRE (annual mean/1 h)

Sources: Smyth 1956; Filarove and Grons
713 IARC Report 1974; Maley 1975 ; Sake
1977, Schiizs and Wolf 1977 MAK-Werte-Liste

berg 1957, Scharrek 1969: Henschier 1973/
be |975: Prodan e of. 1978 Aryunpur
1977: Kertner 1978
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hours after repeated spraymg in smaller$ized rooms (IARC 1974). Haley (1975) pre.
sented 3 list of pesticide products containing VCOM as a propelfant and registered for
indoor use, which were banued in 1974 by the Food and Drug Admunistration. In
Japan. the monuiner was alsa banned as a propeilant in 1974 (JAMA 1974, 229:833).
There is 3 case on record of a worker who died from noncirthotic portal hypertension
and angosarvoma of the liver after 14 years’ employment at a chemical ptant in south-
em Germany where he had been engaged in loading such pesticide cans (Reinf and
Weber 1974). The report ot a female office worker suffering (rom typical Ravnaud's
phenomenon, pseudoscieroderma. acroosteolysis and mandibular osteolysis who never
had occupational contact with VCM (Mcyerson and Muier 1972) is apt to make one
wonder what influence the frequent indoor use of VCM-propelled spray cans (8ridbord
et al. 1975) may have had in this unique case. Sputum samples collected (rom 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 bronchual celis
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
dnnks, hard liquor etc.). The cantent of residual VCM 1n PVC bottles was found to
have ranged formerly between § and 400 ppm (w,'w), and in PV'C foils up to 800 ppm
(van Escli and van Logten 1975). The problem of migration of unreacted VCM from
the PVC containers into the foodstuffs 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 (var Esch and van Logren 1975: Durics and
Perry 1975). Data available in 1974 to a group of WHO expervs revealed that sampies
of gin and whisky had contained 0.57 and 0.62 ppm (w/w) of VCM respectively. after
storage in nuniature PVC bottles for periods up to 3 years; VCM concentrations in
orange squash and cooking ofl were found to be in the range of 0.01 =0.08 ppm and
0.01-0.04 ppm. respectively (IARC 1974). Levels of 0--0.4 ppm found in British
PVC-bottled liquids were mentioned by Davies and Per: (1975):in their own analyses
of samples of PVC.bottled spirits supplied by Bntish Airways they found concentra-
tions of 0-0.25 ppm (w/w). Methods were developed for the detestion of VCM in
liquids with 2 maximum sensitivity down to the | ppb level (van Lierop and Srek 1976:
Dressman and MeFarren 1977). It was tentatively estimated that even during the years
when PVC-packaged food and beverages had not been heeded as 2 potential source of
contamination. the likely average daily human intake of VCM from this source could
have been in the order of 0.1 mg/person (IARC 1974). Sc/tlacrer (1976) calcutated
that today 1t would be less than 0.01 mg/person (equalling 250 mg during s whole
life time); in comparison, he calculated that the inhalational intake of VICM in Jiseased
workers who had been exposed to concentrations of 500—1000 ppm during a period
of 10-20 years would have amounted to at least 25 kg. The Association of the
German Plastics Industry expects that the use of technology available at present for
the production of PVC {ood-packaging materials decreases the VCM content of food-
stuffs to below 50 ug/kg (50 ppb) even after prolonged storage (VKE 1975). Results
of carcinogenicity assays in experimental animals after oral administration of VCM
are discussed in Sect. 3.3.
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3 Toxicology of VCM

3.1 Acute Toxicity

Dunng the rirst three Jecades of PVC producuon. animal zxpanments were limited to
the assessraent of the acuw inhalarional texicity of VOM in shoet-tenm exposures 1o
conccatrations varying between 50 000 and 200 000 ppm (Puir: et ai. 1930, Peoples
and Ledke 1933: Schaumann 1924, 1938 Oscer ecal. §9=7, Care ev al. 1949: Mastro-
marren et al. 1960: Lesrer et al. 1963). In muce. raws, guinea-pgs, rabbirs and dogs
anaesthesia, deep narcous, cardia¢ arrhvthmias and lethal esfects were abserved within
thus range of exposure but no relevant organ pathology was nuted excepr for conges.
tive and haemarrhagic changes in lungs. liver and Kidneys on facal outcome. Acute
hepatocellular injury was later found only in animals pretrzated with potent enzyme.
inducng substanzes (see Sect. 3.4.2.2).

3.2 Chronic Toxicity

Torkeison et al. (1961) were the first to describe results of expesiments with prolonged
exposure to concentraucas anging from 50 to 500 ppm, 7 h/day. § daysfvesk, for

4 5-6 months, All species tolerated exposure 10 50 ppm for § months: 100 ppm,
however, caused an increase 1o liver waight and 200500 ppm caused. in addition,
histological changes in the liver and kidneys of rats and rabbits, but not in guinea-
P and doge. An ncrease in liver wa:ght and decreass in spleen weight was also seen
in rats exposed to 20 000 ppm, 8 h/day. § days/week. for 3 months by Lesrer er al.
(1963); no histological lessons were found after 3 months. Sovist investgators at the
Gor'kij Instituce were mainly interested in neuroendocrine changes after prolanged
exposure of experimental animals to various concentrauons of VM. Cardiac arryth.
mias, bradyoardia, changss in phonocardiogram in rats exposed to 12-20 ppm (.03~
0.05 mg/litre) for § months were reported (32ror and Plokimre 19690) a3 well & in-
creased secretion of cxtecholamines in rabbits and changes in the biopotential of the
postener hypothalamus (Vasor and Plokiiove 19693), Alter 3 §.S.month exposure to
35001000 ppm (9=-10 myg/litre) changes in the bioelectric aetivity (EEG recordings)
of the cortex and the anterior and pomerior hypothalamic nuclei in rabbits with con-
corutant changes in circulatory functions were seen (Faza and Piokiore 1968), Ex-
posure of rats and rabbits to 0.03-0.04 my/litre (1216 ppm) for & months produced
tesorprive bone changes and osteoporosis in addition to cardiovascular and central
nervous system dysfunction (Szsaiaer et al. 1972). In 1969 Schorrek summarized
available evidence for VOM texicity and warned urgenty that chronic exposure to
VOM shouid be suspected of causing toxis liver damage. He moved that the currently
statutory maximal aliowable concentration of 200 ppm (MAC valus, German Dymo-
eratic Rapublic) should be lowered, .

Of paricular Importancs as pioneer work were Finle's experiments (1970a, b:

Viokr et at. 1971) with exposure of rags to 30 000 ppm, 4 hiday, § days/week, fora
full year. It was only afuer this length of exposure that histopatholugcal 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), Viokr described lesions of the skin, the small arterial vessels, the connective -
ussue and elastic reticuluin of the paws, and periosteal proliferation with chondrond
metaplasis of metatarsal bones. Fibrosis of small peripheral nerves and Jegenerative
changes of the grey and white matter of the brain were prominent, whereas the kid-
neys were not markedly affected. The liver showed pronounced Jdegenerative lesions
with parenchymal necroms, cytoplasmic and nuclear polymorphism. abnormal prolifer-
ation of hypertrophic Kupfler cells and intense fibrosclerotic reactions.

33 Oncogenic Properties

The earliest documentation of the carcinogenic action of VCM was Viola's prelimmnary
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 paraauricular region; 6 also deveioped adenocarcinoma
of the lungs and § osteochondroma of metacarpal and merararsal regions of all 4 limbs
(Viola er al. 1971; Viola 1974). Maltoni and Lefemine (1975) later interpreted these
parjauricular tumours as arising from the sebaceous glands of the exterior acoustic
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-
nancies were metastases from the Zymbal gland tumours. Autoradiograms of sections
of whole rais dosed onally with [**C Habelled VCM revealed 3 discrete localization of
'4C in the parsauriculas region (Zymbal gland?) and in the region of salivary glands
and Harder’s glands (Green and Hathway 1975). In this context Veumann et al. (1979).
who analysed the peroxidase activity in Zymbal glands of Wistar rats, proposed the
concept that peroxidase-mediated bioactivation of carcinogens (in their study: stilbene
derivatives) might offer an explanation for these tissuespecific effects.

At the end of 1970.Maltoni and his group, with the support of Italian, British,
Belgian and French chemical companies, started to plaa and subsequently execute a
largescale carcinogenicity bioassasy designed to study the effects of chranic exposure
to VCM in relation to vanous experimental factors such as route of administration,
dose level, length of treatment, and species, strain, sex and age of animals (Maltom
1973, 1977: Maltoni and Lefemine 19744, b, 1975, Maltoni et al. 19741, 1975). Con-
centrations used in the inhalation experiments were 30 000, 10 000, 6000, 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 tumows and mammary carcinoma, as well as
a number of single tumours of other target tissues. Different rypes of tumours were
found to coexist in the same animal. On oral administration of VCM dissolved in olive
oil (§ days/week) angiosarcoma of the liver was found after 50 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 wi. (Malioni et al. 1975). Maltoni (1977)
succerded in demonstrating that the route of admunistration of this ciearly multipo

Vinyl Chio

tential carc
study of or
solved in s
6 days/wee.
tatio only 2
tion not ne.
placed the ¢
the no-toxi
angiosarcon
Sprague-Da:
proved to by
genic in rat:
be carcinog
10,5 and §
1979). Ano
the doserel
exposure le:
histological
the liver anc
the inductic
posure to 1(
al 1974b: 1,
endothelial
perplasia an
even in the :
was scanty :
doses, In th
fibrosis was
ol omsifying
fect was sug
offspring of
mine 1975).
posed to V(
ed from Gy
it was seen t.
maturity of
to 2000 pprr
foci of hepai
Holmber
week, for §2
spleen chang
mals expose.
cutaneous ar
ppm group a

———

i Secaisoht




-

arsteller Vint i Chlomde-Assomated Discase -

non- tenual carcnogen may signiticandy vary the typ: of neoplastic response. In a subacute
-iler et study of oral VCM toxuctty, lastung only 13 weeks. in whieh rats were givan VCM Jis-
ngctive scived in soya bean oy by gavage in daly doses of 30. 100 and 300 mg/kg body wt..
roid 6 days wesk, Feron ¢; al. (1975) round 3 sigrificant increase in liver-ta-body waigit
"ve ratio only at the highest dose level. This was interpretzd as 2 merely nonspecitic reac-
d. uon not necessadly indizarive of 3 toxic response. Based on these resulcs, Feron et al, v
‘tions placed the oral no-toxic-fiect level 3t 30 mg VCM/ k3 hody wt./day and suggested that AT
oroiifer- the no-toxicetTect level may actually be 2ven higher. Zy:mbal gland zarsinoma. hepatc X s
angiosarcomas anJd aepisoblastomas had never ocsurred spontaneousty in the breed of N
Sprague-Dawley rats used ae the Bologna Institute. The neoplastic response to VCM "N
proved 1o have 3 direct Jose-ume relationshup. Even levels of 50 ppm were carcino- D -
getruc in rans and muce. Later.Malroni (1977) found exposure to 25 ppm VCM also to R -
be carcinogenic 1n r383, whereas no carcinogenic effect was observed at lower levels of ' Pk
P 10. 5 and | ppm in a scudy which, however, is still incompleze (quoted from Gacane X 2
"‘m{“m 1979). Another American study designed to complement .Waitons's resuits confirmed g
o j'd"y the duse-related inducuon of liver angosarcoma and mammary carcinoma in mies at A3y
e expossre levels of 2500, 200 and SO ppm (K'eplinger et al. 1975). On reexamining L AR
“‘; timbs lustological slides of his past expennments, Viok later also dutecred angosarcomas of iy
{ these the liver and other malignancies of skin, lung and intestne in his rats: he aiso reported skl
— the induction of skin acanthomas and pulmonary adenocarcinomas in rabbits after ex. el
mx:m us posure to 10 000 ppm VCM, 4 h/day, § days/week, [or at least 1 5 months (Maftoni et g <avc]
g al. 1974b; TARC 1974), Maltons and Lefenine (1975) considered the effect of VOM on s
".“m endothelial tissue to be 2 systezmuc one singe they found dilawdon of blaod spaces, hy- s
i perplasia and atypia of endothelial cells also in organs and tissues other than the liver, Ly
.""”' ot even in the absence of angioszrcomas or benign angiomas. Evidence of hepatic fibrosis b w
"“""é’_,g wis scanty and inconstant in their animals and was more likely to oceur at the lower gi‘:rf
+01979). dases. In the spieen of trested rats and mice fibroangioblastic proliferation undergoing _‘L’:ﬁ"' .
e fibrosis was frequeady obiserved. No scroostesiyuc letions were found, but 3 few cases P
stilbene of omifying angotarcoma were obarrved. A potential transplacental carcinogenic ef. 3
' fect was suggested in 197 by the development of subcutaneous angiosarcomas in the P
ush, offspring or breeding animals exposed for 7 day's during pregnancy (Malrons and Lefe- £
citea mmny 1975). Later, Mairomi (1976) detecred angiosarcoms in the offspring of Ao ex- R
v osue posed to VCM during the period between the § 2th and 12th day of pregnancy (quot- =
,','l""'_' ed from Griciute 1979), Hepatoce:dulsr cartinoma was riot found in acult animals but
.gm'ggn. it was seen 1o develop readily in newborn animals, possibly in connection with the im- -
‘n’o 500 maturity of their biasctivation pathways (Maltoni 1977, Exposure of newbom rats g
-uo;\ P'ﬂ to 200_0 ppm VOM, 8 h/day, § dave/week, for at least & weeks elicited prensoplastic TeZs
et T foc of hepatoceljular ATPase deficiency, notbly in female animals (Laib et al. 1979). TE2
angio- Holmbery et al. (1976) exposd mice to 30 and 500 ppm VCM, & h/day, § dayn/ S
cwell 25 week, for §2 and 28 weeks respectively. They did not obmrvs hepade (Tbrosis o ( o
s were tpleen changes, but multiple benign alveologenic adenomas developed in 18 of 24 ani- e
Jin olive mals exposed to 50 pprm and in ai} 24 animals exposed to 300 ppm’ . In addition, sb- S
animals cutaneous and/or subperitoneal haemangiosarcomns deveioped in 13 animals of the 50- RR% -
" with the ppm group and in 8§ of the 503.ppm group. Only one haemangiossrcoma of the liver SRy
179 — ‘
lupo- | Ses alsn Winell ot 2. (1976)
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24 WK Lelbach and HJ Muarsteller

was found in an ammal exposed to 500 ppm. A few mammary adenocarcinomas. one
rhabdomyosarcoma and one tenal haemangiosarcoma were alio seen. From ther ex-
periments Holmberyg et al. concluded that 3 lower exposure over a longer petiod may
intensify the cancerogenic response and that an inverted relaionship hetw zen dose
level and latency time seems to exist in the case of VCM. as had already been obsened
with other carcinogens. Recently the results of sull anotker animal expeniment with
exposure of Wistar rats to 5000 ppm. 7 h/day. 5 daysiweek, tor 52 months was pub-
lished by Feron et al. (19793, b; Ferun and Krovs 1979) in an eventually frutless 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
maiformed hepatocytic mitochondria. At a later stage progessive tubuloneshrotic
changes in the kudneys, foci of celular alterations in the liver with reduced glucose-6-
phosphatase activity in hepatocytes, strong sinusoidal activity of alkaline phosphatase
and increase of smooth endoplasmic reticulum in parenchymal liver cells were observ-

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

oids and proliferation of normal and atypical sinusoidal cells, multicentne hepatic an.
giosarcoma and Zymbal gland carcinoma occurred. Feron et al. (1979b) also observed
hepatocellular carcinoma in three animals. Surprisingly. the induction of very malig-
nant metastasizing carcinomas of the nasal cavity originating from the olfactory epi-
thebum and Bowman's gland was noted, which had not been reported before in con-
nection with VOM. Marked hepatic fibrosis was only seen within fully developed an-
giosarcoma or as 2 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 trye relationship between VOM-
induced alterations 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 experimental animals provoked a large number of
studies which resulted in a flood of publications on the metabolism of VCM.

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

Toxicodynamic studies have revealed that VCW per se is nor the ultimate toxin or
carcinogenic. It is the process of biotransformation (metabolic activation) of VOM,
primarily by hepatic microsomal enzymes (mixed function oxidases) that yields short-
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Yved but ughly regecmee alkyizting inrermediares which are responsible tor the toaic,
mutagenic and oncogenic etfests. VOM 15 metabolized rupidly to polar nonvolatile ex-
cretable products (Hesier et al. 197532 can Dutren 1978 Radwan and Henschicr
1975). The toxiairy of VOM seems to 2e largaly detarmined by the rano of the rela.
tve veloaities of both biotransiarmauon of tire compound Jng protective deron:fics.
ton of its reastive intermediares (Honsehder 19772), The capacity for metabobie 2limi-
nauon of VCN 1n rats is saturable 3t an aunoszheric concantration of 200-250 pprs,
s0 thar atove ths congentrauon VOM is merabolized at 3 constant maximal velocity
following a zero-order kinetic, whereas helow 200=250 ppm 1t 18 metabolized in se-
cordance with firstorder rate kinetics (Hesner et al. 19753: Bolr et al. 1977),

34.1 Upuke and Distribution

Puimonary uptake of VOM fram the atmosphese depends on tha rste of 1ts metabolism
in the anumal’s organism. The aunosphenc concentration of the compound squiiibrates
with the pool of unmetabolized VOM distributed in the animal's tisuss, as has been
shown by complete inhibition of rucrosomal oxidauve metabolism (Boir et al. 1977a).
8oi; et al. (1977a) also coneluded thar lipids or li= 2protewns, rather than protsing such
as albumin, are the velucles that transport VCM i thie dlood and from whuch the som-
pound goes into the adipose rissue or is taken up by the liver for metabolic conversion.
After oral ingestion and absorption from the gastrowmntestinal tract, a *first pass effacy’
has to be considered, but an increaungly substantiai percentage of unmerabolized VCM
is excrered vig the lungs in direct relation to the dose administered (Waranebe ¢t al.
1976¢). Trus confirms the finding that VCM metabolism is 3 dose-depeadent and satur.
able process, Pulmonary elimination of over 927 wathin & h of a dose of 300 myg. kg
body wr. administered onally to rats was aiso reported by Feron eral. (1975) in an in-
vesugation of ths subacute toxicity of VCM incorporated in soya beanoil and fed by
gavage in doses of 20, 100 and 300 my kg daily, 6 days/week, for 13 weeks. They
found a significant increass in liver<o-body weight ratio and hypertrophy of the endo-
plsmic reticulum of hepatocyres 38 indications of a toxic etTect at the highast dose
but only minimal histological changes in the liver, In 2 second experiment. they fed
faus on a dist containing PVC powdur with a high monomar content and observed that
almast all the VCM was releasad from the PVYC powder during passage through the in-
testinal tract, but only aboyt 10 mg VOM/kg body wt. per day could be administered
in this way.

Percunancous sbsorption was studied by Hefner et al. (1975b) in male Rhiesus mon.
keys following wholebody exposure (head excluded) to concentrations of 7000 and
800 ppm of *4Cdabelled VCM for 2=2.5 h. The quantity absorbed via the intact skin
was negligible (0.027%-0.03%) and men of it was expired.

Studies of the distribution of [1.2-' “Cldabelled VCM in the body clearty revealed
that the liver (predominant site of metabolism) and the kidneys (site of excretion of
polar metabolites) contain the highest concenrrations of '€ activity, followed by
spleen, lungs and small insestine (Wamnabe ot al. 1976¢: Bolr et al. 19764, b). Liver,
k-dneys.spicen,lung and small inwesting (in this order) also contain the largest amounts
of irreversibly proteinbound metabolites (Bolr et al. 19763). Only minar amounts of
irreversibly bound metabolites of VOM ware found in muscle, adipese tissue and brain.
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.0t
P ‘ Total radioactivity 48 h after a single exposure decreased considerably in these organs, microsomal 1
B - in accordance with the relatively rapid metabolization of VCM and excretion of’its ly highly rea.

iy 7y polar metabolites. In contrast, the amount of irreversibly protein-bound radioactivity via the form:
_:,Fi‘ E remained constant during this time. Buchirer et al. (1977) also showed that unmetab- bon menoxs’
B ¢ olized VCM possesses a great affinity for adipose tissue, in contrast to its metabolites, preciable rol.
% which are concentrated primarily in liver and kidaeys. in vitro an an
e o systems and :
;;‘. d :"? 342 Metabolism 19763) The.
bt : 3421 Relarion berween Chemical Srructure, Reactivicy and Mutagenic or

'_'.' - ‘_§ Carcinogenic Effect

’ - Y

. v:! Before discussing the metabolic pathways of VCM (monochloroethylene) and its pre-
Rt X7 : sumpuve toxuc intermediates two features of the chemical structure of this compound
i -. should be menuoned. Vinyl chlonde is a monohalogenarcd ethylene and its chlorine
A ﬁ; substitution is asymmerric. Chlorination of alkenes (olefinic compounds), in general,
bx ‘ﬁf tends to stabilize the double bond by exerting an electzon withdrawal effect on the

ot carbon atom involved. Thus, the chemical reactivity of alkenes decreases with increas-

e 3 ing degree of chlorine substituuon, as was shown in 1968 by Williamson and Cretanovic a

qini for reaction rates with ozone. Vinyl chlonde, as a monohalogenated alkene, is the least . >(-..(/H -
aEeEs stable compound with the highest reaction rate in the senes of chlorinated ethylenes : H SH O
Réirya b and ranks next to unsubstituted ethylene. . (Yl
¥y 2% « Secondly. the first step in the oxidative metabolisrn of all chlorinated alkenes is a :

3T ;_Z transformation to epoxides (oxiranes) which are shortdived. highly reactive electro-
W ﬂ_f- philic intermediates (Bonse et al. 1975 Henschler 1977b). Such chionnated epoxades
o i may react, by alkylation, with essential cellular constituents, a mechanism wiuch
;.W- _ % Rannug et al. (1974), Barrseh e al. (19752, b) and Malaveille ev al. (1975) claimed to
y 12 be responsible for the carcinogenic and mutagenic effects of VCM and vinylidene

at ] chioride. Epoxides resulting from biotransformation of asymmerrically substiruted

--}f * ethylenes, such as VCM, vinvlidene chloride and trickloroethylene, seem to be particu-
: :@; larly unstable with increased electrophilicity and thus enhanced alkylaung effect.
-Q_"': Their mutagenicity and, inversely, the nonmutagenicity of oxiranes of symmetrically
B v chiorine-substituted ethyienes was indicated by the studies of Greim et al. (1975,
Gty 1977).

g - .
_: .:.:% 3422 Metabolic Pathways Fig. 1. Metabr
",; :% From 1974 onwards the fate of VCM has been studied extensively in vitro with rat
B ;,” liver microsomes in the presance of a NADPHgenerating system (Kappus et al. 1975, metabolized
o 1976; Bartsch et al. 19750, 1976; Malaveille et al. 1975 Bolr et al. 1976a; Pessayre ! acetic acid are
et et al, 1979), with the aid of isolated perfused liver preparations (Radwan and Hensch- } roethylene ox:
ot 5 ler 1975, Bonse et al. 1978 ; Radwar 1977, Henschler 19773) and in vivo (Hefner et al. \ protein sulphy
P.g— 1975a; Waranabe ot al. 19764, 19782, b; Bolt et al. 19774, b) in both control animals ! way (1977).5
S0 and animals pretreated with various types of enzymednducing and enzyme.nhibiting _ (Noroth et a!
I substances. ’ S<carboxymet,
oyt o Present biochemical knowledge strongly suggests that the first step of the predo- acid) (Henschi
, v minant metabolic pathway is the oxidation of the doublebond of VCM by the hepatic identified in o
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microsomal minad-function oxadase system, formung cilomethrienc oxide, a chemical.
ly tughly reazuve epoxide (Fig. 1). A neghpble amount of VCM can be metabolized
va the formation of peroxides. very unstahle compounds decomposing rapidly to ¢ar-
won monoxide, HC, and formaldehyde winch. however, do not seem to play any ap-
preciatle role i the toxscity of VOM (Hoenseier 1977h). [t has aiso deen shown that
in vitra an arutical superoxide (O generaung svstem can replace £3t hiver microsomal
svstems and rransiorm VOM (o the active intermediate (Kappus et 8. 1975: Bolr et al.
1976a). The epoxide rearranges spontaneously to chlorsasetaldehy do. wiieh is rapudly
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Fig. 1. Metabolic pathways. Adapted {rom Heaschler (1977h)

metabolized to menochloroscetic acid. Both chioroacetaldshyde and monochloro.
acetic acid are 2so metabolites which are chemically reactive but less potent than chio-
roethylene oxide. AQ thres intermediates can be detoxified by conjugation with non-
procein salphydry] compouads {glutathione, cysteine) as describec by Green and Harh-
way (1577). Sulphur<containing excretable metabolites such as S-hydroxyethyleysteine
(Norpodh sy al, 1976). N4cetyl-S(2 chioro)-ethylcysteine (Greem and Hatiway 157€),
S<arboxymethylcyneine (Woranabe st al. 1976a), and thiodiglyevlic acid { thindiacetic
said) (Herscirder 197 7a: Muller et al. 1976, 1978: Mliifler 3nd Norpoth 1975) hive been
idenufied in the urine of expowd worker and animals. A progressive depression of the
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level of hepatiz 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 Jepression was
seen after 10 ppm and a concentration of 50 ppm caused only an inconustent reduc.
tion (Waranabe et al. 1976b). Proteinbound hepatic sulphydryl content remained |
unaffected, Hepaue microsomal cywehrome P, ¢ o, the coenzyme of microsomal mono-
oxigenases, also decreases linearly with time in animals exposad to VCM (Reyavlds et
al. 1975b). This destruction of cytochrome P, 5o may prevent further metabolism and
toxucity of VOM (Pessayre et al. 1979).

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

The reactive metabolite of VCM, chluroethylene oxide, is a powerful alkylating
agent which covalently binds to various celiular macromolecules, notably vital protenis
and nucleic acids. By binding to cellular DNA and RNA or critical proteins the metab-
olite may alter vital funcuons and the genetic information of the cell and thus exert its
hepatotoxic, mutagenic 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 scavenping mechanisms such 33 conjugation with cytasolic glutathione or
inactivation by epoxide hydrase. Simultaneous presence of other xenobiotics which

have to be detoxified will impair the effectiveness of the detoxification mechanisms. In ~

assessing the risk of exposure to VCM, Henschiler (19773) concluded that there myght
be a greater risk in intermittent peak exposures over brief periods than might be ex-
pected from simple integrauon over time and that the chances for effecuve detoxitica-
tion are greater in long-term exposure to relatively low levels.

It was shown by Watanabe et al. (19782) that repeated exposures of rats to VCM
do not appear to induce its biotransformation, but significantly augment the binding
of the reactive metabolite with hepatic macromolecules and may thus enhance the po-
tentlal toxicity of VCM. On single exposures of rats to increaning concentrations of
labelled 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-
tow 50 ppm and above 250 ppm, respectively, when binding was plotted as 2 function
of the log of the exposurs concentration (Watanabe et al. 1978b). This correlates well
with Mairon?™s report (1975) of a linear percentage induction of hepati¢ angiosarcoma
in rats between 50 ppm and 500 ppm when expresied as the log of the exposure con-
centration,

Metabolites of VCM can alkylate nucleic acids, 3 commonly accepted mechanism
for carcinogenesis. Covalent binding to the sdenosine (Barbm et al. 1975; Laib and
Bolr 1977), cytidine (Laid and Bolr 1978), and guanine moiety of nucleic acids (Oster-
mannGolkar et al. 1977) has been described. But the degree of covalent binding of
ekectrophilic metabolites of labelled VCM to hepatic nucleic acids seems 10 be very
small (Watanabe ot al. 19780 Laib and Bolr 1977). Laib and 8olt (1977) presanted
evidence shawing 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 et al. (1978b) concluded that covalent binding to
nucleic acids is not the preferendal reaction, but they pointed out that this does not

Vinyl Chl

exclude th
of celiular
cluded as ¢
above all,
This a.
work wil] I
endoplasm:-
tible to V(
phologicall
mixed fun.
lobular, mi.
found (Jae-
1978). Sec:
endotheliai

At pres.
cestes are ¢«
the hepatoc
some metak
(3) Mechan:
tissues othe
‘rant cel) rep
1978b).

An equa
nonnegplas
Raynaud's -
drome was 1
man. Begide-
livet lesion.
bioactivatio:
pornal fibr..
ment of the
a direct or jr
tic nervous »
lining cells o
tion) or why '

4 Clinica!

During the o
might prove :
presented in

marked the ¢
pational haz.




.- Marsiefice

2t €XPO-
sion was
1t reduc:
Jined
wnal mono-
rnulds et
olism and

eponde. is
«AZYe

viating
_ta proteins
*he metab-
us exert it
aly fracuon
tetoufied
-iattuone or
« which
Jhansms, [n
there mignt
i e ex-
Jetoxarica-

st VEM
-2 hinding

.ot the pu-
.mon: of
t. 2ovalent-

& incTRAIC

+ uoirm b“'
- 4 funcrion
“clates well
iiiggreoma
SOSUTE Con-

wwehanism

{ ib and
‘wids (Osrere
nding of

s be very
oresented

he Jeter-

fer exposure
liag 1o
« daes not

Vvt Chioade-Assoaated Disgawe ' b

exslude the possibdity of other.more subde interacnons which may impair the conirol
of celular teplicauon. Alkylation of nucleic acids. however, canuut at present he ex-
<luded a5 the mechansm for VCM-induced caremogenesis after repeated exposure and.
asove all. in the target cells rather than the aepatocytes.

This aspect carnes on to an ynresolved nroble'n on which future ﬂpenme'ual
work will hyve 1o focus. Although the site of formation of the active metabnlite is the
encuplasmue renculum of the hepatocyte. the liver coll wself is not particujarly suscep-
nble o VOManluced toeity Acute hepatoczliular imury hus aot been chserved mor.
phologically after exposure to VCM unjess prevreatinent with potent inducers of the
rmixed function oxidase systemn had preceded the exposure;in pretreated rats centro-
lopular. mudzanal and panlobular hepatocetiular vacuoiization and even necrous was
found (Jaeger eral. 1974, 1975, 1977 Rexvnolkds et al. 19783, 1976: Conally et al.
1978). Secondly. the site of carcinogenicity in the liver is not the hepatocyte but the
endothelial cell of the hepatic sinuses.

At present it ¢2n only be speculated which of the following four most likely pro-
cesses are effective. sither singly or in conjunction: (1) The active metabolire leaves
the hepatocyte and is conveyed to the endothelial cell. (2) The endothelium itseif has
some metabolic capacity (Bolr 1978), as may tissues of organs ocher than the liver.

{3) Meshanisms for the detoxification of the acdve metabolite(s) are insufficient in
tissues other than the hepatocyres. (3) Repar mechanisms for the correction of aber-
rant cell replication am less effective than they are in the hepatocyte { Waranade et 3l
1978h).

An equally puzziing problem is the role of VCM in uu pathegenesis of the distal
nunneoplastic vaseular lesions which are responsible for the development of the tnad,
Raynaud’'s phenomenon. sclerodermoid skin indurations and acroosteolvsis, This svn.
Jrome «was the earlien indicauon of advesse efTects of chronic exposure 10 VOM in
man. Besides, its latency period was connderably shorter than mather the noamalignant
liver lesions or angiosarcoms of the liver. Whereas it is now establithed that hepatic
bioactivation of VCM plays the ¢antral part in the pathogeaesis of both noncirrhotic
portal fibrosis snd angiosarcoma of the liver. it \s not 3t all clear whether the deveiop-
ment of the acral lesions is due to VCM itself or to 3ctive matabolites which may exen
a direct or indirect toxic action on (3) medullary vasomotor ceates, (b) the sympathe-
tic nervous system. (¢) smooth muscle ceils of the media of artenoles, (d) endothelial
lining cels of small arteries (with fibroblast transformation and endothelial prolifers-
tion) or whether (¢) the sction is mediated by the [ormation of immuns complexes.

4 Clinical Spectrum

During the mid-1950s it began to emerge that chronic occupational expasure to VCM
might prove to be not quite as harmiess as had been claimed. The historical syncpsis
presented in Table 7 summarizes those clinical studies from the wosid litersrure that

trurked the gradual recognition of the full spectrum of damage due 1o this new oecu-
pational hazard.
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Table 7. Gradual emergence of evidence for VO M-awoviated pathology

Year

Reference

Findinps

1949

1954
1957
1957
1960

1961

1963

1966

1967

1967
1967

1968
1971

1971
1972

Tribukh et al.

Smirmova

Fiatova and Gronsberg
Kubota

Danziger

Smirmora

Suciu et al.

Cordier et al.

Harris and Adams

Benoir
Wilton et al.

Anronyuthenko
Dinman st al.

Dodson et al.
Kramer snd Mutschler
»

Hepatomegaly. more or loss marked anicten
hepatitis’, “chronic sastatis’, hypoteaan.
anaemiy. shan lesons

Toxic angioneurosis
Toxic anponeurosis
Symptoms similar to Raynaud’s phenomenon

Two cases of acuoidental fatal posoning by VCM,
| nonfatal acute overexposure

Revenible osteolytic lesions of distal phalanges.
Pscudociubbing, thickening of skin on volar
side of forearms, slight haemoly sis and reticulo-
cytosis

CNS: prenarcotic symptoms (Jizziness, euphoria,
somnolence). nervousness, tnsomiud. blunting
of memory, general asthema. headache

Vascular: Raynaud's svndrome

Dermarol.: pruntus, reversible sclerodermalike
skin induration. chemical and allergic dermants

Digesr. symproms: anorexia, nsused, fullness,
hepstomegaly without hyperbilirubinaemia,
spienomegaly

Endocrine: hypothyroidism

Raynaud’s syndrome. sclerodermalike «kin
changes, acroosteclysis. pseudociubbing, jount
pain, tiredness, sieep reversal; 2 spisodes of
acute overexposure (loss of consciousness?

Acroosteolysis, skin lesions. Raynaud’s phenom-
enon, pseudociubbing, involvement of <acroiliac
joints and patella, hepstomegaly with pernistent-
ly raised serum bilirubin. Skin biopsy

Arteriography. Skin and bone biopsy

Ocvupational acroosteolysis’ with Raynaud’s
symptoms, sclerodermalike skin changes,
pseudoclubbing

Mentions thrombocytopenia
Prevaience of acroosteolysis and Raynaud's
phenomenon

Vascular lesions preceding the bone lesions

Increased BSP ratention and raised icterus index
related 1o degree of exposun
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Table 7 tiontinueds

Yeur Rererence Findings

1972 Markowtss et . Progressive thickzmng of haads and forearms,
Jrthralgid. Bianclumg upen exposure 1a ooid
with cyvanoss of hands accompanied by severs
pain. SKia mopsy

1972 Jine aad Lange 1ot Germar report of T workeny with sciercderma.
Like sk.n lemons. Raynaud's syndrome. and
acrooiteolysis. Tests showed abnormal liver 1n
+. occlusion of digital arteries in | worker

1973 Marsteiler et al. Nongirrhote portal fibross with portal hy pere
tenuun and splenomegaly

19744} Creech et al, 4 cases of sngosarcoma of the liver

4.1 The Triad: Raynaud’s Phenomenon. Pseudoscleroderma and Acroosteolysis

A first indication of adverse eilects due to chiromic VCM exposure arose in workers 3t a
plant produang VCM who presented with symptoms simular to Raynaud's phenome-
non (‘toxic angioneurosis’). This was reported by Snumora in 1954 and later descnbed
in detal in her thens (1959). The syndrome was found predominandy in laboratory
personnel who had intermirtendy been exposed 1o high concentrauons of VCM during
houdy sampling for chemic: snalysis (puncy of the produst). in 1953 Raynaud's syn-
drome was also observed ammang several workers at 2 Japanese PVC producing piant
(Kubora 1957). Apart from s punful vasospasue disorder of the hands. impaired ther.

moregulation, acrocyanosis, ; sitve cold test, ¢apillaroscopic alterations, paraesthesias.

and CNS symptoms such a3 headache, blunang of memory and sleep reversal, Sntirmora
(1954) sisc mentoned rweiling of fingers and development of citcumseribed skin in-
durations on the volar side of the forearms in thow most severely stiected, In addivion,
there was ¢vidence of mild haemolysis (borderline anaerniy, decreased osmouc fraglity
of red cells, urobilinusia, and reticulocytosis. In 1961 Smirmove descnbed radiographic
svidence of destructive bone lesions of terminal phalanges in the hands identical with
acroosteolysis in three workars at 3 PVCproducing plant (one fitter, two centrifuge
operatory) after exposure for 3-9 years, Since these bane lesions developed in con-
junction with Ttoxic sngioneurosis’ and since complete recalcificanon of the defects
was found in two workers J years after removal from exposure, Smurmore believed the
lesions o be characteristie of chronic VCM intoxication. She pointed out that their
teversible chanacter might serve to distinguish the lesicns from similar defects seen in
vibration trauma. [n retrospest, Smirmova’s obsesvations are the earlien descriptions of
the full range of sympwoms which much later became khown a3 ‘the syndrome of oc-
cupauonal screosteolysis’.

In 1963 Suciu et al. (see also 1967 and 1975) published the first comprehensive
analysis of ther obmervation of 3 multiform symptomatology in subactus and chronie
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VCM intoxicauon. During a 4-year period, they exanuned 168 mostly young worhers
from two Rumanian PVC-producing plants who had not previously been emploved in
other industries. In their classic paper, the guthors described in derail the various cen-
tral nervous. digestive. angioneurotc and cutaneous symptowms (listed here in theis
order of manifestation). Acroosteolysis, however, was not mentioned. Episodes of
acute overexposure (usually egcumng at the end of a batch run, Junng retrievai of
unreacted monomer, or at repair jobs) rapidly resulted in a state of light-headedness
and transient euphona similar 10 a mild degres oi inebriety and were accompanied by
a feeling of heaviness in the legs and disturbed locomotor coordination. Several workers
claimed to have been able to identify escaping monomer by its fzint but agreeable
odout. Apparently during periods of parucularly high ambient concentrations, workers
repeatedly noticed formication in the lower limbs and a general feeling of bodily
warmth. Six subjects had experienced loss of consciousness when repairing leakages,
but recovered rapidly after being carried out into the open air. After a few months of
work. unusual fatgue and sleepiness set in, there were complaints about persistent
somnolence, even outside the work premises. and a tendency to fall asleep at the work
place. particularly during nightshifts. In addition, headache, dizziness. ientability,
blunting of memory, paraesthesias, and genera] weakness were reported: some workers
noticed insomnia ot sleep reversal. ’

A reappraisal of these nonspecific complaints (see also 12lc et al. 1976) 6 years
later, after improvement in industrial hygpiene, revealed that the frequency of their oc-
currence had considerably decreased (Suciw et al. 1975), Following a prolonged penod
of repeated overexposure, vague nonspecific digestive symptoms also devcloped. such
s anorexia with ensuing weight loss. nausea, fullness, upper abdominal dissomfort,
bloating and epigastric pains. Enlargement of the liver was found in 51 workers (307):
in 67 there was also splenomegaly. Classic Raynaud’s phenomenon was found in 65,
but 3 tenfold higher percentage of the rotal work force showed evidence of vasospastc
alterations on plethysmography (Raucher et al., cited by Suciu et al, 1975). Pruritus
of the hands, forearms and face was an early complaint followed later by what was
theought to be (allergic?) ‘contact dermatitis”, finally. nodular and scleroderma- or
scleroedemadike cutaneous lesions deveioped in some workers, involving the dorsal
surface of the hands, the volar side of wrists and forearms and the face, with firm
thickening of subcutaneous tissue or formation of whitish papular or slightly elevated
plaquelike indurations, The cutaneous manifestations iargely disappeared after removal
from the work place. In addition, mention was made of features of hypothyroidism in
a few workers. Also, transient loss of libido in 24% was recorded, with retum to nor-
mal after a break from work or during holidays.

With the exception of acroonteolysis and the two most alanning late sequelae -
noncirrhotic portal hypertension and hepatic angiosarcoma - Suciu’s early documen-
tation of the prevalence of diseass in PVC production workers encompassed 2 com.
paratively complete description of the various aspects of chronic VCM intoxicanon.
Lates publications supplemanted the spectrum of knowiedge mainly by providing ad-
ditional information on #pidemiological, roentgenological, thermographic, angiograph-
ic,and hutomrpholopcal aspects of the lesions encountentd in subjects chronically
exposed to VCM.
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The discovary of unusual osteolyvtic defects i the distal phaianges of the hands of’

rluyed in two Belgian autoclave cleaners who had sutfercd from Raynaud's phenomenon and un-
1ous cen- clasnifiable degenerauve lesions of the dermal connectve tissue (Condicr et al, 1966) .
) the:: imarked the rezogution of tlhis new occupatonal diseass in the Western Worid, Tiie N
Jdes of s\ narome was termed ‘ocsupational acroostenlyus’ (QAOL). and duning the folowing P,
aval of s 2ar 2 number of additional cases were reported from Frange, Great Britain and the | XN
ledness Unitcd States. Lasar Lesérre (1972) who together with Cordier descnibed the first two : B
ranied Dy <ases of OAOL. reponted that 3 subsequent investigation reveaied another “en cases in .
valworkers the vanuus planws aifiliated to the same corporation in Span, Jtaly and Brazil. By the -
eabie end of 1979, 3 total number of 126 cases had been published in detau (Table 8). The ‘ e

i

5. workers vascular phenomena preceding or accompanying OAOL comprise 3 brosder range of Lok
wlily symptoms than those characteristic of Raynaud's syndrome. The conditions seems to PR 2T
‘cakages. begin with ill-desined pains in fingers, wrists and also large joints (shoulders, knees): ! Ehe.
+onths of the fingers are numbd and tingling. tender on palpation. handgnp and tapping finger ! "
Sistent tips vn hard surraces 1s panful; there is increasing sensuvity of the hands and fingers : ':.'
.t the work to cold accompanied by a tendency to cyanotic discolouration. In some cases, the toes . ? "
ity are likewise affected, Later, classic Raynaud's phenomenon develops (sudden appear- ' -;“'.L'-ay
.2 workers ance of painful. sharply demarcated blanching) and, concomitant with the onset of ' .'i
ostevly ac processes. there 13 3 shontening and broadening of the termunal phalange ! ;1‘1,, )
A vears with stnation of nals (pseudocubbing). ' Ny
o their oc- ] , 3’55 v
zed perod "
ped. such Table 8. Publicanons on ‘Occupanonal Acroosteolyss’ since 1966 i
wmiort, ZEC g
307 Year Country Number Authors : gt
né-. of cases ESnEs,
."P“‘“ 196 Belzium 2 Condier et ai. g 2
runtus 1967 France 3 8enout: Charelain and Mordlon L
at wys 1907 France $ Bournichon (cited by Martn ¢t ul. 1967) fa
e OF 1967 United Kingdom 2 Harms and Adams RRA .
- domal 1967 UsA L] Wilson et 3l. )
© firm 1969 Rumaria 2 Angheiescy st al. o
! 1969 Yugosisna $ Kovedaral,
s elevated oM usa 41 Dinman et al,
12t removal 1972 UsSA 2 Markowiez et al.
roidism in 197271973 Fed. Republicof 6 Jike and Veltman: Srein ¢t al. (2. b)
‘n to ner- Germany
1973 Japun 1 Takeuchi and Mabuchi 3
1974 France 4 Moulin et al,
melaz = 1974 Usa 1 Trepp etal.
Jocumm- 1975 USA 4 Lilis st al.
12 com- 1975 United Kinpdom | Srewurt et al.
<ication 1976 United Kingdom 4 hm;:,ot ai.; Walker; MNitchell Johnston
- . (19
wding ad- 1978 Brazil [} Game and Meira
ngiograph- 1979 Israel 2 - Hahn et al,
ronicaily 126

3 One o1 2 clear cases, in addinon. 38 suspected caves isee Sakade 1975
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3 . . : W.K. Leibach and H.J Mazsteller
4.1.1 Familial and [diopathic Acroosteolysis

Acroosteolysis is a very rare disease, The aetiology 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 part ot
of an entire distal phalanx of one of more fingers and also of toes, have been menuon-
ed in the literacure since 1921 (Assmann 1921 : Wonahan 1926: Borgk 1927: Kemblum
1929). Komblum attributed the lytic bone defects to vascular abnormalities and nated
that he had found identical lesions :n early stages of scleroderma and in leprosy. The
term acroosteolysis was first introduced by Laroche and Hochfeld (1948), who held 2
neuroendocrine syndrome responsible for the lesions. Independently Hamascl (1949)
reporied another ease of symmetrical idiopathic scroosteolysis. particularly involving
the terminal phalanges of the fingers with preservation of tufts, progressive clubbing
and shortening, and ill-defined symptoms of disturbed peripheral circulation. By 1952
Giacei menuoned that 68 cases of the familial type of acroosteolysis and 33 cases of
the nonfamulial, idiopathic form had been reported in the medical literature. He added
another five cases, but his case reports pertain almost exclusively to mutilating proces-
ses involving only the feet, with recurrent ulceration and discharye of bone fragments
(see also Harms 1954). In 1957 Liévre and Gama listed 16 observations of idiopathic
acroosteolysis and commented extensively upon these lesions; the whole range of dif-
ferential diagnosis (various congenital, neurogenic and endocrine osteolytic diseases.
leprosy, arthritis mutilans, progressive systemic sclerosis, ainhum etc.) was considered
in their study and could be rejected with reasonable certainty. In & later review,
Clieney (1965), who added another four cases of the familial type, stated that this
variety and the nonfamilial idiopathic type may actually belong to the same disease
entity and may be part of a degenerative bone process more gencralized than the term
implies. It was the puzzling character and the ranty of this peculiar bone lesion that
captured the attention of site medical personne! and industrial hygienusts when in
November 1963 the condition was detected in two Beigian autoclave cleaners (Lefevre
1972).

4.12 Epidemiology of Occupational Acroosteolysis

Attempts at assessing the prevalence of OAQL 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 ¢t al. (1977) considered the fact that only 3% of all workers who had been
engaged in manual clesning of aytociaves at a Belgian plant suffered from OAQL and
Raynaud’s phenomenen to be indicative of the importan¢s of individual factors.
Witson et al, (1967) observed 31 cases among 3000 employees of ons large company.
In 1971 Dinman et al. conducted a survey in 32 plants belonging to 19 corporations
throughout the United States and Canada. The details of this elaborate epidemiologi-
cal study, comprising s total of $011 employees, illustrates the Jifficulties and limita-
tions encountered in 2 retrospective study of this dimension. All of these 5011 worken
had been engaged in various stages of VCM and PVC manufacturing, but 1257 of them
ware workers who only handled finished PVC polymer. Five of the 32 plants worked
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exclusivaly with the {inished PVCaderived consumes products: Dunman 2t 3l, found
only 25 clear<cut cases of OAOL among the 5011 employvees (mean age: 35.5 vears),
defined as characteristic X+ray film abnormalines combined with Raynaud’s phernom-
enon: 13 of them had been reactor cleaners at some time: another {6 mdividuals (10
with expenence in reactor cleaning!) with early stages or nunimal degrees of the svn.
Jdrome were suspectad of suffeang from OAOL. [t emerged that the two lowest-paid
1ebs. doth reactor eleaning and bagging: packing, had 2 strong association with OAOL

11 case per 72, or BS workers at £k, resgactveiy ). Mampulauon of tie finished polymer

appeared not 0 be assocated with 3 nsk of contracung OAOL. Only | zase of QAOL
was detected 1 those piants where high-pressure water lances ot solvents had been in
use for reactor cleantn. Furthermore, it seemed that the extaat of Jegassing priot to
entry into the autoclaves correlated with the manifestation of the disease.

Table 9. Prevalence of acral disease in VCM-exposed populanions

Numeber of sases

Size of Clasmical Severs Sclero.
goup -Raynaud's snnuvity dermowl
Country 3tnsk OQAOL  phenomenon tocoid skin lesions References
Franes 130 5 12 15 L] Benoir 1967
LsAa 35« 4 20 63 - 23 Lulis et 31,1973
Canted 37 | s 3 4 Walker 1976
Kingdom
Fed. Rep. 100 9 9 33 10 Lange and
CGrermiany Veltmgn 1977
Unied 104 1 pd | - | Mumcq et al.
Ningdom 1978

Total 725 20(~3%) TUSKOT)  1IMA 16T 4H~65%)

More commonly seen than OAQL were Raynaud’s phenomanon (see Table 9) and
related symproms of abnormal perigheral circulation (Benoit 1967; Lilis et al, 1975
Lange and Veitman 1977). Benoir pointed out that 3 complete medical and roentgen-
ological checkup of all 528 employees at 3 French PVC.producing plant revealed
pathological manifestations anly among the group of 130 reactor cleaners of whom 32
were affected (OAOL, 5: Raynaud’s phenomenon without OAOL, 12 sensitivity to
cold, 15 workers). He stressed the fact that in this group of workers at risk the overall
morbidity was imon 25%. Similar results were obtained by Lilis et al. (1975), who
found classic Rayngud's phenomenon in $.6% of 353 heavily expased PVC workers,
numbness and tingling in 24%, excenive sensitivity 1o cold in 13%, preudociubbing in
8.7°% and involvermnent of the toes in 7%, Besides, in 26.6% of the total sn abnormal
Allen test indicated impaired pesipheral arrerial circulation, It was noted that in some
people with past exposure Raynaud's phenomensn had gradually faded, wheress
preadociubbing persisted or even progressed. Most important, however, was Lilis*
finding that the prevalence of all these abnormalities increased sigrificantly with the
duntion of past exposure to VCM.
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Occupational acroosteolysis is a condinion predominantly observed n y ounger
workers. The age range was 20—45 years and haif of all cases repurted fell in the 30+ 39
years age-group. Duration of VCM exposure prior to onset of Raynaud’s phenomenon
ranged from I to 23 months (DuwJson ¢t al. 1971). For OAOL the latency pertod was
at least 1] months (Wilson et al. 1967):1n most cases. OAOL developed innidiously
within 2 to 4 -6 years, There is at least one patient on record in whom OAOL was first
discovered two years after ternunation of exposure (Benoir 1967). Longttudinal stulies
of the bone lesions demonstrated partal or complete but mostly detective restitution,
resulting in shortened and deformed distal phalanges, within 2-3 vears after removal
from VCM exposure, but Raynaud's phenomenon and cutaneous lesions may persist
(Willians and McLachian 1976). Stein et al. (1973a, b) reported partial healing with
restitution of tutts but progressive lyns 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 cleaming, the syndrome has also been ob-
served in association with other job assignments which were believed to carry a sub-
stanually lower risk of exposure. Trapp et al. (1974) reported a 3 l.vear-old whute male
suffening 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, pre4nix operator, recovery and charging operator who
had never cleaned autoclave vats (Srewarr 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 narrowing of most digital arteries, even in fingens without
bone defects. and abnormal coliections of small vessels in the pulps of deformed
finger tips, but no vascular ocelusion.

Apart from the chemical insuit by inhalational (rather than transdermal ~ Dinman
et al. 197}, Stewarr et al, 1975) exposure to VCM, individual susceptibility or idio-
syncrasy appears to have played some (undefined) role in the development of the syn-
droms. It does not seem likely, however, that repeated physical microtrauma during
cleaning operations (removal of polymer erusts by hand scraping or chiselling) was a
decitive factor in the pathogenesis of the condition as had been speculated by Wilson
etal. (1967).

4.13 Clinical and Roentgenological Features
4.1.3.1 Occupational Acroosteolysis

In the majority of cases osteolytic lesions are confined ta the hands. Involvement of
the feet was observed only rarely in QAOL. Wilson et al. (1967) believe that OAQL
differs from familial or idiopathic acroosteolysis in several respects. Although the bone

T
-
"ﬁ
™~

i

Vinyl Ch

defects in
Qsteopor
skull, des'
shortenir.
nonocsuy
genolop.

l) Ths
one or mo

Nnt
tufts,ora

3) The
tufts toge:
defects (se

Fig. 3. Oc.
ascroosteolh
year-old au

4) In th
and broade
fragments.
and increas

Sodium
minenlizac
multaneous

‘aﬁﬁf o) g fF"-j- ()
Rk ) )J:.;. t'?":‘"‘f‘.'

f13,

AT

Uce g
-1 e : ;'t.";'f‘(" e ran x Rt kA =4 ¥ s, Niney o A"‘rfr 044254 ?'
: Tat e Sho A e




cand HJL Marsteilare

vey 1n younger
~d fell in the 20-39
-sud’s phenomenon
‘Mency penod wWas
“wped insndicusty
wm OAQL was first
Langitudingl studies
stective resutunon.
*ar3 alter removal
s$lons may persist
-rtial heaiing with
terminal phalanges

‘workers who had at
has also Aeen obe
-J to carry a sud-
wyearold white male
J typical bilareral
-atby anndusina
-nns of vinyl chlo-
r ai'ter & vears’ em-
arging aperater who
"\ foutine giant
J¢ chromatograshy
* 1 limit values of
st vear dumng an
‘ynaud’s phenom.
Js and wnsu, Ar-
« fingers wathout
. of deformed

:sdermmal = Dinman
-ptibility or idio-
vpment of the fyn-
crou3uma dunng
. rchiselling) was a
culated by Wilson

. Involvement of
ticvy that QAQL
. Although the bone

Viny! Chlorde-Assoniated Diseane

deracts in the Jistal phalanges are simular in both onditions. other features. such 23
osteoporotic compression fractures o} the spine. basilar impression fracture of the
skull, destrucuon of mid-phalanges or osteosclerot¢ changes of wnists and hand bones,
shonening of metacarpa’s and cormical thickening of the shaits of long bunes s22a n the
aongozupanonal rvpe have never been found tn OAOL. vi/son et al. worked out roen:.
genolopcal cntena for the diagnusis of OAQL:

1) The eartizst changes in OAOL are marpnal defects and lo:s of 2ortex i s of
one or more of the terrunal phalanges of the hands,

2) In the next stage this is followed by small *hali-moon’ cuts in the cortex of the
tufts, or 8 so-called slice-¢ffect slong one or more tufts.

3) The advanced stage of destruction is characterized by either a complete loss of
tufts together with 3 poruion of the shaft or there may be transverse or obliqus bone
defects (sew Fig. 1) cutting off the shafis from the remainwng distal rim of the ruits
(*bandlike acroosteolysis’).

Fig. 2. Occupational acroosteoly sis. Transvarse or oblique bane defecrs (*bandlike
acroosteolyns’) or parnal loss of terminal phalanges in all fingeny of both hands. (33-
year-old sutociave clsarer: durauon of exposure 3 1/2 vears)

4) In the healing srage there may be either complete bony union with shortening
and broadening of the residual parts of the end phalanx ot 2 fibrous union of bone
fragments. Fingartips remaia short and plump wich persistent clubbing of soft tissues
and increased [atersl and longtudinal curvature of fingertips.

Sodium fluoride ' *F scintiscan data of affected bores suggested thar active de-
mineralization (resorptve) and remineralization (repanative) processes may OCsir si-
multaneoudy sven in the same \md (Dodson et al. 1971). In some cases, bones of
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vthar body regions were also involved. Erosive and sclerotic changes in the sacro-hac
joints and circumsenbed resorpuive defects (cortical erosions) in patella. clavwle. man-
dible. humerus, styloid process of ulna. femoral condyles, os calcis, cuneiform and
metatarsal bones have repeatcdly been observed (Conlicr et al. 1966 [Hurric and Adams
1967: Dodson et al. 1971 Jihe et al, 1574 Lange et al, 1974a: Preston et al, 1976:
Jayson eral. 1976a. Lange and Veltman 1977).

+.1.3.2 Pseudoscicrodenna

Concomitant with the manifestation of paracsthesias, pain, tenderness of the fingers and
Raynaud's phenomenon, cutaneous lesions similar to stigmata seen in progressive scle-
roderma develop with thickening of the skin of fingers, hands and forearms, someumes
accompanied by swelling or puffiness and coansening of the skin of the face (mostly on
the forehead and cheeks). Raised, ivory-<coloured, firmm nodules or elevated, sharply de-
lineated plaquelike skin indurations ase 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 1 search for other
symptoms of progressive systemic sclerosis in affected workers. The syndrome of
OAOL. however, can be clearly distinguished (Table 10). Notably. the diffuse immobil.

Table 10. Differential diagnosis: syndrome of eccupational acroosteolysis t Raynaud’s
phenomenon, sclerodermord skin changes, AOL) / progressive scieroderma with (rare)
osteolytic lenons '

Occupational AOL Progressive scleroderma
Sex rato Exclusively 4 o =2
Hands Clubbing and shortening - Atrophy and tapenng off
of finger tips; hyperhidrosis: of lingertips: anhydrosis;
no ulceration ulcerative lesions
Penioral puckering of skin  Not observed Common
‘Skin appendages Preserved Loss of skin appendages
Telangiectases . Notobserved Common
Shortening of frenulum Not obsarved Early symptom
Subcutaneous deposits Not observed Common
of calcium salts
Dysphapa ( oesophageal Not observed Common
involvement)
Renal. cardiac and Not observed {Common)
intestinal invoivement
Occupational history Obligatory -
Prognosis Favourable (skin and bone Usually spontaneous
lesions tend to heal after progression

removal from exposure)
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izing sclerosis of the skin with tapenng off of fingertips was never seen in the ocsura.
uonal syndroms. After sessaton of exposure the iun lesions seemn 10 regress more
readily than the osteolytic changes.

4 {4 Hustology
4.4 Catancous Lesions

Several investigators described the histomorphology of skin lesions in vinyl silonde
disease (Condier et al, 1966 Harris and Adams 1967 Mann et al. 1967, Markowirs et
al. 1972 Lange ez al. 1974a; Ueltmen ev al, 1975, Walker {976 Hulin et al. 1979), but
we found only one description of bone hutology in OAOL in the literarure (Benou
1967, Mann et al. 1967), Skin biopries showed various degrees of dermal, vascular and
neural changes which were essenually identical in pauens showing OAQL 3nd in those
who sutfered ‘merely’ from Raynaud's phensmenon.

Dermal changes consisted of hyperkeratosis and pronounced thickening of the der-
mis with disonentation, swelling and nonfibrillary eosinoplulic homogenization of
broad interlacing colagen bundles. There was some degree of interstitial oedema which
fantly stained metachromatically with toiuidine Slue, aleian biue and penodic acd-
Schuff (PAS). An inflammatory reaction with infiltration of lymphocytes and 3 few
histiocytes was scanty and, if present at all, of predominantly perivascular distribution.
The most notable feature was marked disorganization, fragmentation and rarefication
of elastic fibres. In areas corresponding to nodular or plaquelike skin indurations. the

- full thiekness of the dermis consisted of an aceilular, pardy hyalinized collagenous ts-

sue. Skin appendiges were preserved. [n 15 apparendy less severely affested worken,
Ivaiker (1976) found only some destrucuon of eiastc tissue of the dermis, prabably
not exceeding normal age changes:in one worker wath severe Raynaud's phenomenon
some fibrous thickening of the mediz of dermal arterial was seen.

Vascular lesions aifected capillaries and small dermal arteries. Numerous dilated
capillaries were seen in the subepidesmal papillae with swelling of endachelisl cells
and pericapdlar oedema. Capillaries of the cuus showed curtlike hy perplasia of peni
thelial ¢ells with fibroblast transformation, hyalinosis of vessel walls and final oblitera.
tion of lumina. Marked medial thickening of Jermal snerivles. due to hypertrophy of
myoey s, was accompanied by parieral tibrosis end hyalinous, which ultimately led
to narrowing or even complete occlusion of the lumen,

Degenerative lesions of small Jermal nerves were mentioned by French investigators
(Ben-vit 1967 Marm at al. 1967 Cliarefain and Morillon 1967). They found sclsrosing
hyaliness of the perineunum with atrophy of neurofibnls, Tactile corpuscies (Wagner.
Meissner, Pacini) ware unaifected.

1,42 Bone Lesoms

The most striking feature in a biopsy specimen of the bone. obtained from a French
worher with OAQL (case = of both Senoir 1967 Marm ¢t al, [967) was marked thick-
ening and Ryalinization of the penosteum with chondroid mezaplasa of the inner-
most layer. Supplying capillardes :nd arterioles showed occlusive changes identical with
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thuse obsened in the derrrus. The bone matrix per s¢ was barely affected. There was
minimal thunmng of cortex, normal spongy bone and anly imild fibrosis of the bone
marrow.

Expernence with histomorphulugy ul bone lesions in the (amilial and idiopathic
type of acroosteolysis is hmited. In the fow cases where biopsy material could be ob-
tained, there was replacement of bone by nonspecatic fibrous tissue, but inflammatory
and Jdegenerative changes or ostecid formation were not found (Dupes et al. 1936:
Elson and Bumistein 1953 Greenbery and Street 1957 Schiwarnwerler 1957).

In this context, it should be kept in mind that Viols succeeded in reproducing
dermal, vascular, neural and skeletal lesions in the skin of the paws and in small meta-
tarsal bones of expenmental animals which were very similar to those vbserved in man.
Viola exposed rats to 30 000 ppm VCM, 4 h/day. 5 days/week, for 12 months and de-
scribed the histology of these lesions in detail (1970b).

1
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4.1.5 Arteriography, Capdlaroscopy, Infrared Thermography

Arteriographic evaluation of the vascular tree of the hands revealed patency of the
large arteries in all cases examined. The vascular lesions were almost invariably con-
fined to the small digital arteries. although the superficial and deep palmar arterial
arch may oceasionally show some narrowing and a paucity of sidebranches (Lange et
al. 1974a; Houlin et al. 1974). The most prominent arteriographic features were ir-
regularities and segmentai stenesis of digital arteries. ranging from localized or diffuse
narrowing to subtotal ot even total occlusion with development of collateral vessels.
Besides. a conspicuous retardation of flow of contrast medium was noted. and peculiar
tortuosities of patent digital arteries were found. Circumscribed hypervascularity of
the termunal tufts and in the region of the wrists was noted in some cases ( Benorr
1967: Lange et al. 1974a; Veirman et al, 1975; Preston et al. 1976: Steware et al.
1975: Gama and Meira 1978). Angiographic findings in 3 larger group of 19 symp- those s
tomatic PVC workers with ¢ither Raynaud's phenomenon and/or acroosteolysis (§/19) ferent !
were recently described in detail by Koisc/inwirz et al. (1950). Raynaud’s phenomenon luowo-
had been observed to persist in these patients for prolonged periods after termunanon contml.
of exposure and even after roentgenological evidence of healing of resorptive bone ence in
defects in those who had formerly suffered from acroosteolysis. In addition to vary- PVC w. )
ing degrees of stenosis or occlusion of digital arteries with reopening of small collat- of distu
eral vessels. acral hypervascularity and considerable retardation of perfusion in spite induce..
of premedication with tolazoline (Priscoline, United States), the most conspicuous Asi
features observed in the majority of these patients (14/19) were circumscribed elonga- aPVC 1‘.
tions and tortuosities of digital arteries resembling cirsoid aneurysms. An example is chemic:
shown in Fig. 3 of generalized tortuosity and elongation of digital arteries in 3 54- normali
year-old patient who started to complain of severe sensitivity to cold 3 years after was con
cessation of VCM exposure (about | year prior to death from both angiosarcoma of numbes
the liver and hepatocellular carcinoma). The pathogenesis of these peculiar vascular employ
alterations is not clear. but the possibility presents itself that they may be due to de- rel .':' d) ,
struction of elastic fibres in the vessel walls in analogy to similsr alterations of digital Ttalsos
arteries seen in rheumatoid arthritis (Laws et al. 1963, 1967).
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Fig. 3. Convpicuous Turtuosities and elongation ot digiial arteries

Studies of microvascular changes by wide-{lald capillary micmscopy (direct obser.
vations complernented by photography) of selected skin sites ~ such as nzil tolds,
fingerpads. dorsum of phalanges and of proxumal interphalangeal joints =~ demanstrat.
ed 2 vanety of capillary abnormalities, i.2. dilated or gianl capillary loops. pale avasey.
lar areas, capdiary and subungual haemorrhages. The abnormualitics were similar to
those seen in scleroderma but were usually less conspicuous, less numerous and of dif.
ferent distribution. In g survey of 3 group of 152 Amerikan FVC workers. these sapil.
laroscopic findings proved (o be signiticantly more prevalent than in 50 nonexposed
control subjects (Mericq et al. 1976). Thers was also 3 statistically significant differ-
ence in the prevalence of these abnormaliries between symptomatic and asympromatic
PVC workers. The alterztions were not only found in workers with clinical symproms
of disturbed acral circulation but also in 6 nansymptomatic males with either VOM-
induced angiosarcoma of the liver (2) or splenomegalic portal hepatic fibrosis (4).

A simuar survey was [ater undertaken in an unsclected sample of 129 emplovers of
a PVC.producing chemieal plant in England with 26 employees of 3 aon-PVC-producing
chemical plant serving a3 controls (Maricy et 3l. 1978). The prevalence of capillary ab-
normalities found in these British workers, which were of the sime type and degree,
was comparabie t that in the American sample, although the latter included a Larger
aumber of more seversly sffected sympromatic patients with greater mean leagth of
smpioyment (15 years v 1.5 yeass). In the authon’ opinion, this suggested that VCM.
related disease may deveiop independently of differences in manufscturing procedures.
[t also suygested that shis easily detectable type of microvascular lesion may precede
more senous VCM.induced disorders. In & small subgroup of 1 clinically affected
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British workers who were exarmuned 624 months atter leaving the plant (termunation
of exposure), the prevalence of capillary abnormalities was not less than that among
those who continued work. For an evaluation of the reversibiity of this condition,
however, the group wis considered to be too small. The same tvpe of capillaroscopic
changes was also observed in three of 4 Polish workers (2 reactor cleaners, 2 fitters)
who were found to suffer from Raynaud's phenomenon after exposure for 2-5 years
(Byrezkowska and Langauer-Lewowicka 1973).

Infrared thermography, another non-nvasive method, used by Reoy et al, (1973)
for the study of acral circulation, revealed abnormalities of surface temperature rang.
ing from marked hypothermia of terminal phalanges (which are normally warmer than
the rest of the fingers) to “complete terminal amputation™ in four PVC workers suf.
fering from OAOL. In one of them vascular disturbances as evidenced by infrared
thermography persisted in spite of complete healing of QAOL. Srewarr et al. (1975)
demonstrated uneven bloed flow in the fingers and patchy hyperthermia in the distal
part of the QAQL-affected left index and middle finger of their atypical case, Local-
ized acral hyperthermua seen on [R thermography comresponded to the angpographic
finding of circumscribed abnormal collections of small vessels (compensatory collat-
erals?) in the pulps of the affected fingers. Using IR thermography in a survey involv.
ing 143 PVC production workers and 56 controls, Willigms et al. (1977) assessed the
time needed for heat retum after immersion of one hand for 10 s in 3 water bath kept
at 19°C. however, no difference between VCM-exposed subjects and controls and be.
tween groups within the exposed population was nored.

4.1.6 Immunological Studies

Early experience with the syndrome of occupational acroosteolysis suggesied certain
similarities between this disorder and corresponding lesions seen in progressive systemic
sclerosis (difTuse scleroderma). Differential diagnosis of these two unrelated conditions
is now well established (Table 10). Such similarities stimul3ted the search for other
manifestations of & sy*.mic collagen disease, notably immunological features, as pro-
posed by Marin et al. in 1967. iard et al. (19764, b) carried out immunological studies
in 58 workers from a British polymenization plant who were referred 1o them out of 3
total past and present work force of 320. Mean duration of exposure to VCM was 39
months (6—75 months). Of thess 58 workers, 28 were symplomatic (Ravnaud’s phen.
omenon, 9: scleroderma of hands or fest, 6: OAQL, 2; sensitivity to cold. excessive
fatigue, Limb pain, paraesthesias). Slight hyperimmunoglobulinaernia, usually igG, 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 Beell proliferation. Mixed eryoglobulins. in vivo con.
version of complement and depretsed values for C, or C, were taken as cvidence for
the presence of girculating immune complexes. Autoantibody screening Jemonstrated
low-titre antinuclear antibodies (IgG 1/20-1/50) in eight of the nine patients with
Raynaud's phenomenon. Aggregates of IgG, C., €y, and fibrinogen/fibrin were raveal.
¢d by direct immunofluorescence in the lumen of vessels, adherent to vascular endo-
thelium. Aggregates were similarly seen in the media and subintimal regions of smail
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and medium-sized artenoles in biopsy specimens of the skin (10 casas). musele and
lung t1 case each). '

The zuthors proposed as explanaion tor the induction and pachogenesis of skin
and bone changes in VOM-nduced Jiseass 3 theoretical model based on r2asttve meta.
boiic intermediates of VCM formed dunng biotransformaton binding covalently to
plasma proteins. Titese may act as anugens (as a result of 3 structurally abnormal protein)
whicl: sumulate Bazeil proliferauon and anubody response Platelet aggregauion, vas-
cular oeztusion and ischaenug were though: 1o be secondary 1o comiplement act:vation
as 2 result of formanon of IMMune complexes which were impucated as possible medi-
ators of tissue injury. Ischaemua, in tum, by leading to collagen synthesus, was believed
to {urthar activate the compiement pathway and thus to recycle the mechanism,
Javson et al. (1976b), who carmed out collagen studies in 2 slan biopsy of one patient
suifening from QAOL found the rate of collagen synthens to be considerably higher
than in normal controls. The pathogenesis of excess collagen formation in vinyl chio-
nide discase has not Yeen fuily elucidated.

In an earlier study no ¢ryoglohulinaemis or presence of cold agglutinins was found
in four Polish workers with severe Raynaud’s phenomenon; in two of them 3 slight
decrease in IgG was noted (Bvezkowska and Languuer-Lewowicka 1974). Later. how.
ever. Langauer-Lewowickg et al. (1976) observed latent cryoglobulinaenua, detectable
after Sephadex G-200 filtration. in 18 of 22 workers with Raynaud’s phenomenon (in
6 together with actoostevlyss and sclerodermalike changes). Again, there were no cold
agglutinins detectable. but in five patieats marginal 1o glight elevations of IgG levels
were obsrved The authors suggested that 3 pathologpeal alterauon of immune re-
sponses plays a key role in the pathogenesis of vinvl chjoride disease. Lange ot al.
(19743) and Velrman et al. (1975) concluded from their results that convineing evi.
denze of sutoimmune discase was lacking. Immunological studies including determina.
tion of rheumatoid factor (latex agglutination test), quantitatve immunoglobulin de.
termination (Manzini radial diffumon technique) snd autoantibody screening (indirect
immunofluoreseenes) were imitially introduced in our first senes of 50 patients but
were later abandoned because of mostly negativa results, except for occasional in-
creases 1n immuynoglobulin leveis (Varsreller ot al. 19752), Thess stiulies were jazer
taken up again with 30 additional 43 patients engaged in PVC production but still fail-
#d 1o suggest mom than an errauc connection (unpublished data). We did nor observe
hypergmmmagiobulinaemia (3ee comment in Word et al. 1976a) except ia a few patients
with far advanced portal Gbrosis and portal hypertension and in the terminal phase of
three patienss who died from angiosarcoma of the liver, In 2 group of 18 PVC workers
with Raynaud’s phenomenon in whom arteriography of the hands disclosed various
Jegrees of octluzion of digital arteries, autoantibodiss, eryogiobulins and cold agglud-
nins were found ia none; 3 moderately increased IgG level (1.93-3.68 g/litre; normal
ange: X 23 =081 8 g/litre) was seen in five patients who suffered from OAOL and
scierodermoid skin changes (unpublisived data). Elastin antibody titres (the spesificity
of which is doubtful) were negative.

in summary, currenty available evidencs does not ssem sufTicient to suggest an
autoimmune diseass 25 a pathogenetic mechanism. Fusther studies will be needed to
estebiish the true significance of the punibly transient immunological abnomualities
in VOMuinduced disordess.
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44 W.K. Lelbach and 1. Marsteller
4.1.7 Pathogeneuc Considerations

Raynaud’s phenomenon as a premonitory clinical symptom, histomorphology in man
and expenmental animals and angiological expenence suggest that the common de-
nomunator in the pathophysiology of both skin and bone lesions in chronic VCM in-
toxication 1s probably to be sought in the local impairment of blaod circulation 1n
peripheral regions, as Benoir 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 pathogenesis of penpheral
vascular injury in vinyl chloride disease, is unknown. It still remains largely 2 matter of
conjecture how a volatile toxic compound that is taken up via inhalation, distributed
throughout the systernic circulation and metabolized (bioactivated) in the liver, can
bring about, apparently only in 2 small number of predisposed individuals, after a vari.
able period of latency severe vascular injury and (probably secondary) damage 10 peri-
pheral tissue. Some conceivable mechanisms are briefly listed in a previous chapter (see
Sect. 3.4.2.2), but no conciusion ¢an be drawn a3 to their relative significance.

4.2 Non-malignant Liver Disease in Vinyl Chloride/Polyviny! Chloride
Production Workers

Long before Raynaud's phenomenon or osteolytic lesions were obsarved in PVC pro-
duction workers. Tribuk/t et al. (1949) studied environmental conditions in a Russian
plant where polyvinyl chloride resins were produced and compounded. Without going
into detal, the authors pointed out that moderate nontender hepatomegaly was found
in 3 larger porportion of a group of 73 worker (48 males. 25 females) mostly engaged
in PVC compounding; ‘anicteric hepatitis’ was diagnosed in 21 of them (15 4,6 ¢}. Al
though the authors knew about the narcotic action of high coneantrations of VCM
(752350 mgj/litre = 30 00098 000 ppm) from the litetature, which they explicitly
mention. and also knew about the release of unreacted monomer from the powdery
PVC resins during thermoplastic compounding, they apparenty held othet volatile
¢ompounds derived from halogenated aromatic hydrocarbons (such as chlorinated
naphthalenes and diphenyls) used as plasticizers responsible for the systemic toxicity.
They urged, however, that strict monitoring of the heaith of these workers should be
introduced to prevent the development of severe liver damage, and they suggested the
installation of ventlation facilities of sufficient capacity.

Nonictenic hepatomegaly was again recorded by Sucis et al. (1963) 14 years later
in almost one-third of the total work population (51 of 168 employees) of two Rum-
anian PVC.producing plants, including 10 cases with additional splenomegaly. Liver
biopsy in two of these workers revealed chronic hepatitis. Studying the prevalence of
temporary disablement due 10 liver disesse among 350 employees of the Sverdiovik
plastics industry, Pushin (1965) found the highest morbidity ameng employees of the
PVC production unit, compared with other units engaged in the production of non-
PVC plastic materials; 1 70 worken of ancillary industries served as control subjects.
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The climcal symptomatology of = typcally nonicterig « liver Jisezse observed in 2y
many a5 157 of the current work for: of the PVC production unit dunny 2 3-vear
survey was Jdesenbed as having been consistent with the diagnusis of an insidiously
developing chrome hepanus. No nistologeal dara were available, however, and the true
sharacter of nonmalignant liver disexse found in these workers remaned obscure,

In 1972 Kramer and Murcitler exanuned a group of 98 healthy male woriers vwho
had been rounnely exposed to VOM for periods up to 25 vears and for whom career
timess eightad average exposurs estmates were avatlable. In an 3gte:npt to corrclate
envirunmental Jata and results of 2 medecal surveillanes programme by means of step-
Wit multiple linear regrestion analysis, it emerged that bromsulphthalein ( BSP) reten.
tion and. to 3 lesses degree, the icterus mnJex were sigmificandy correlated waith the
level of past exposure to VCM. Although no overt clinical disease was found in any of
the individuals studied. Krgmer and Jueciler concluded that exposure to VOM ac
TWA levels of 300 ppm or more for 3 working lifeme could result in certain changes
in clinieal laboratory parameters. As it later tumed out. slighdy to moderately increas.
ed BSP retennon was the most conustendy pathological test for VOM-induced liver dis-
ease (| Marsteller ue al. 19752).

In West Germany the first cases of occupational QAOL were observed in 1972 by
Jermataiogsis in Boan (Jusie and Lange 1972 Juhe et al, 1973:5rem et 2L, [973a. b).
At tirst sight, the symptomatology appeared to resemble atypical progressive selero.
derria. This proveked 3 thorough search for mamfestations of visceral involvemnent,
Progressive systemic selerosis, however, could be excluded. On medical sxaynation of
a first group of 13 polycizaners who were referred to the Depanment of Dermatology
from 3 nearby PVCproducing plant it emerged that 3 of them, who Jid not suffer
from either QAOL or scleroderma. had a history of unheralded bleeding from oeso-
phageal varices due to portal hypestension (Juhe et al, 1973), Further invesugation of
a group of 20 relauvely young PVC production workers (mean age:40 veass). i whom
previous liver disease could be excluded, was carried out in collaboration with the
Medical Departmant. Penttonenscopy and guided liver biopsy wene perfurmed in each
patient and revealed varying degrees of noncorhoric porral, pensinusoslal and sub-
cansular fibrosis of the liver, with spienomesaly, thrombocytopenia and, less frequent.
ly. marked portal hyperension. but stnkingly litcle hepatic dysfunction (Marsreller e
al. 1973). It was now renlized that the disease spectrum in VCM-exposed individuals
encompazsed a larger scope of injuries nd, in fact, suggested a systemic toxic effect.
Hence Jahe et al. (1973) propased the term “vinyl chioride disease’.

In revospect, thu comparatively late recognition of the true nature of liver and
spleen alterations in chronic VCM intoxication can be artribured. a¢ leas: in part. to
the long latency period as well a3 the insidious onset and course of this type of liver
disease which is sccompunied, even far into the advancad stages, by only minimai
hepatic parenchymal dysfuncticn.

Only 3 months later, however, in February 1974 the significance of this discovery
was turpsesed by the darming announcement that four cases of angiossreomy of the

direr, an exceedingly rare malignant tumour. had besn found among 3 comparstively small

work force of 274 employess of the PVC polymerization section of 3 large Noith Amer.
ican plant (Creech ot al. 19743). Two of these four patients had Jrst presenred with
upper gustrointestinal bleeding due to portal hypertention between 1964 and 1970,
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There is no longer any doubt that chronic exposure to viny | chloride monomier can
produce two different rypes of liver disease in man as well as 1n expennmental ammals:

1) Noneirrhotic portal hypertension

2) Angiosarcoma of the liver.

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

Noncirrhotie portal hypertension and (often inconspicuous) portal fibrosis are not
pathognomonic. Primary splesic enlargement and gastroocsophageal haemorriage Jdue
to marked portal hypertension in the absencee of, or preceding, the Jevelooment ol
cirrhosis was first described by Banri in 1894. As “Banti’s syndrome’, this symptom
compiex and its aetiology and pathogenetis have continued to be a matter of dakate,
Under the designation ‘idiopathic’, or ‘primary, portal hypertension' the syndrome has
been observed notably in India and other South-East Asian tegions (Ramaimganvam
etal. 1962;/manapa et al. 1962, Basu et al. 19672, b: Boyer et al. 1967 :Sama et al.
1971). It has been seen only sporadically in the Western World (Roussclor 1940
Ravenna 194Q; Tisdalc et al, 1959; Polish et al. 1962; Miller and Brandt 1962 ; Siderys
and Vellios 1964 Mikkelsen et al. 1965, Iber 1970: Escartin Marin et al, 1974,
Mendeniall et al. 1974, Grannis 1975; Villencuve et al. 1976). Iher (1969) estimated
that “centers throughout the world reviewing their experience with portal hyperten-
sion encounter 3 to 5% of patients who do not clearly fit into the category of eurhosis
or blockage of the portal vein.”

In the absence of an identifiable 2etiology it has been speculated that in noncirthotic
porta] fibrosis observed in India.unknown toxins contained in indigenous drugs, herbal
medicines or adulterated food might have been responsible for the condition (Sama et
al. 1971). Villeneuve ¢t al. (1976) suggested that, apart from VCM and inorganic
arsenicals, other still unidentified toxins could be the cause of this syndrome. Idio-
pathic portal hypertension has also been observed to occur in association with known
hepatotoxic agents, their common link with VCM being, so far with the exception of
vitamin A, the }ndueﬁon of angiosarcoma of the liver. These agents ars:

2) Ino'q'rami- anenicals (Zecpen ot al. 1970; Neale and Azzopardi 1971 Knolle et al.
1974; Morris et al. 1974, Huet ev al. 1975; Villeneuve ot al. 1976. Cowlishaw et al.
1979);

b) Hypervitaminosis A (Muenter et al. 1971; Russell ¢ al. 1973, 1974; Hruban et
al. 1974; Kistler et al. 1977):and

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

Arenical preparations (usually prescribed as Fowler's solution - potassium
ansenite) have in the past been used as 2 tonic in neurasthenia, as an adjunct to iren
therapy for anaemiz, a3 antiepileptic drugs and well into the 19508 for the treatment
of psoriasis. In this context, Banti’s remark in his original paper (1898) that anzemia
accompanying primary splenomegaly responded best to arsenical preparations is of
note. In a renowned German pharmacology textbook of this period (Votlmage! and
Rossbach 1880) Fowier's solution is also listed as a traditional antimalarial drug of
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long standing. Chaimuvari and Virzrurarei (1979) recently implicatad an indigenous
Thai madicine contaning arsenic as 3 possible aetiological factor wn 3 case of idiopathic
portal hypertension. Darsa er 3l. (1979) found significantly clevated levels of arsenic in
Lver rissue speczmens of four of nine indian pauents with idiogatiue portal hyperten.
sion resulting frorm chronic arsenic intoxicanon reontzmunated drnking water, use of
Avurvedic medicines). Typreaily. liver disease in these cases occuns 1n conjuncuion with
other evidence of chronic amenic intoxicauon. such 18 siin mgrmeatation, pamar and
plantar hyperkeratosis, skin cancer and scmetimes carcinoma ~f other sites. Howeves,
neither histologeal nor radiologeal or haemodynarue eriteria permut 2 clear distine-
tion between idiopathic’ portal hy pertension and noncirrhone portal hypertension
saused by chronic anenic exification or chronic exposure to VCM, as was demon-
strated by Vidlencuve et al. (1976) in a study of five panents.

After prolonged treatment anth excessively high doses of vitamin A (psonasis.
ichthyoesis and other dermatolopcal condinons. adjuvant ¢anser therapy and :n health
faddismn) chronie ittoxication has been seen 1o cause hepatc fibresis and circhous
(Muencer et al, 1971 Flerschmann et al. 1977 Kisrler et al. 1977, Russell 2t al, 1973,
1974). Storage of vitamun A in hepatocytes and one type of fat stonng, nonphagocytic
pensinusoidal cells [Ito cells (/ro and .Vemnro 1952)] could be demonstrated by fluo-
rescence mucroscopy. Sumulation and proliferation of [to cells, wiuch are probably
fibroblast precursors (Popper and Ldensriend 1970; Sehnack ex al. 1967), provokes an
increase in basement-membransdike material and collagen within the pensinusordal
space and leads to perisinusordal fibrosis with partial obliteration of Disse’s spaces and
the anusoidal lumen (Hrmban ot al. 1974).

The recognition of idiopathic porai hypertension. hepatic fibrosis, cirrhosis and
angiosarcoma of the liver coexistent with excessively abundant hepatic deposition of
copper (besides evidence of ‘vineyard sprayer’s lurg”) 1n 3 group of 30 vinevard workers
in Portugal is. to our knowledge, the first report in which civonic copper intoxicanion
is implicated as the aetiological agent. For periods varying from J to 45 yean, these
workers had been engaged in spraying vineyards with a mixture containing copper
sulphate on 15-100 days per year. The authors noted a close morphological resem.
blance of the lesions to those resulting from exposure to0 inorganic ansenicals 2ad to
vinyl chloside (Pintenrel and Wenezes 1977), Although extringe chronic copper intoxi-
cauon is virtually unknown in man. potential hepatotonicity of long<ontinued uptake
of copper was discussed by Slomyiek! ¢t al. in 1971 in connection with recurrent
haemodialyns.

Although noamalignant liver ditease seems to be 2 more cormmon lenon in PVC
production workers than angiosarcoma. it lias received less attention than the spectac.
ular discovery of tae rare hepatic neoplasm. I continuation ol our first two surveys
(Marsreller et &2, 1973, 19753, b), we have naw (end of’ [980) cbserved 17 patieats
(all members of a totai work foree of approximatety 180 palvmenzation workers) in
whom clinical and morphological examination, including peritoneoscopy and guided
liver biopsy, revealed advanced portal hypertension (Tabie 11). A larg:r proportion of
them [irst presented with symptoms of unheralded gastrointestinal bieeding. On follow-
up. we strongly suspected that anposarcoma was developing in four of them but were
unablie to prowe it during life. Only post-mortem examination finally confirmed the
diagnoms. In & smaller wries of seven patients with noncrrhotic portal fibrosis and
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Table 11, 17 PVC workers with advanced porrgl hypertension tmarked vesophagedl
vanees, epnodes of upper Gl hleeding. splenomezgaly)

Age at diagnosis Duration of ¢xposure Peritonevscopic and
No (years) (vears. months bistoingical diagnosis
i 30 .3 Noanarehots (ibrose
2 3t 519 Noncirrhot fibrosis
3 32 3le Nonetrrt aue fibrosi
3 38 + Noncirrhou. (ibrosis
52 35 9 Nongirrhotie fibrosis
6 39 10/6 Noncirrhotic librosis
7 39 13/6 Noncirrhotic fibrosis
8 41 7 Noncirchous fibrosis
94 41 18 Postnecrotic citthons
104 47 18 Noncirthotic fibrosis
1 0 6i6 Noncirrhotic Nibrosis
12 Ly 17 Nonarrhous fibrosis
13 82 15/3 Nongirrhoue fibrous
14 52 1 Noncirrhouc fibrosis
1§ 54 6/6 Nonairrhone fibrosis
l6d 58 o1 Postnecrone cirrhos:s
173 61 13 Noncirthotic fibrosis

3 On follow-up patients 5.9, 10, 16 and 17 subsequently Jeveioped angiosarcoma of
the liver and died 3-6 years alter diagnosis of portal hypertension, Patients 6 and
|4 are at present (1981) under observation for suspected development of angio-
sarcoma of the Liver, 6 and 1| years after peritoneoscopic diagnosus of portal [i-
brosis

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

4.2.1 Clinical Manifestations of Non-malignant Liver Disease

Physical examination is usually disappointing. In the more advanced stages of VCM-
induced nonmalignant liver disease, palpable spienomegaly and a dightly to moderate-
ly enlarged liver may be the only physical signs. On palpation, we found hepatomegaly
in 3! and splenomegaly in 16 of 50 selected PVC production workers who had been
heavily exposed in the past (Marsteller et al. 19782), Lilis et al. (1975) reported hepa-
tomegaly in 15% and splenomegaly in 3.4% of 354 consecutively examined employees
(267 currently employed, 87 former workers) of one PVC polymerization plant in
New York State, USA, a number which included virually the entire current produc-
tion work force. A significantly higher prevalence of hepatomegaly was found in those:
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expused for more than § years. whereas the Jiference in the prevalence of palpable
splenomegaly was not signiticant.

In contrast to cirrhosis of the hver, chinical symptoms indicating senous impair-
ment oI Repatic funct:on such as jaundice, vascular sprders. palmar erythema, weiang-
ectases. pynaecomasta, penpherad sedema and asentas or hzpans encephalopathy are
not seen. Even aftet massive biceding irotn oesophageal vanges portosystemic ence.
phalepathy does not deveiop. Atcites and hepauc coma have been ohserved in thuse
workers only in termunal stages of anposarcoma of the liver.

[t s puzzling that acroosteolyss and sclerodermeid skin induration have only rarely
preceded advanced stages of VOM-induced liver disease. To our knowledgs there is
only one case of angiosarcoma of the liver an record wluch was associated with prior
develosment of acroosteolynis (Roche et al. 1978),

4.2.2 Laboratory Findings

Owing to the fact that hepatocytes. although being the primary site of meabolism, are
not the targer of toxeity, standard biochemical liver function tests are only of limited
value for the Jetection of liver disease in populations at risk (illiams et al. 1975Y),
This makes it very difficult to devise adequate screening programmes (Marnn et al.
1973 Creech and Makh 1975 Wrarr eval, 19785 Berk a2 al. 1975, 1978). Apart from
thrombocytopenia, we found 45-min BSP retendon to be the most conustently pathio-
logical biochemical test: usually munimal hyperbilirubinaemia and minor elevation of
the levels of serum aikaline phosphatase. SCOT and SGPT were considerably less {re-
quent (Marseeller e2 al. 19752). Another dyeremoval test, indocyanine green clearance
(1CG: 05 and 5.0 my/kg), also proved 1o be more reliable than standard biochemical
liver function tests in correctly iden.i sing early hepatic injury in 1200 vinyl chloride
workers of a chemieal plant in Louisviile, Kentucky, dunng 3 4year screening penod
(Tamburro et al. 1978b). Thie expos: ;¢ rank was {ound to be closly correlated with
progressively increasing frequency o7 :Lnommal ICC clearance, whereas the frequency
of abnormal SGOT, and alkaline phosphatase only increased in Iate stages. often when
there was overt clinical disease, In the survey conducted by Lilis et al, (1979), alkaline
phasphatase levels were elevated in 16.6% of the 354 workers examuned. In their series.
alkaline phosphatase was also closely correlsted with the clinical symptom of hepsto-
megaly and/or splenomegaly.

Except for thrombocytopenis (less than 150 x 10 plateless/litre) which Lange
and I'c/fnan (1977) found to be present in 76 of 100 workers. and a slight increase in
the reticulocyte coynt (in 35 of 79 workers, Lunge and Feltman 1977), haematological
parameters usually do not contribure to the diagnosis, Thrombocytopenia was also the
presenting fearure in two of saven British workers with noncirthotic portal hyperten.
sion (Smith et al. 1976s). Thrombecytopenia and abnormal piatelet function tests will
be dealt with sepacarely in Sect. 44,1,

Amsssment of udnary excretion of porphyrins and porphyrin precurson in sympto-
matic workers who had bren engaged in the production of PVC (n ® 23) or the manu-
fa;ture of PVC articles (n = 17) revealed varying but mostly mild degrees of secondary
coproporphynnuria o the majority of them (Lunge et 3l. 1976b). The significanes of
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these findings as an indication of toxuc liver damage is not clear and the relation to contras: o
previous exposure to VCM remains to be determuned. pectedly s
is a foeal «
4.23 Gross Inspection of the Liver and Spleen :xl::l.fal :;':__
. ing (Marsz.
The gross appearance of the liver, a3 3ssessed by peritoneoscopy (Marstclicr et al. tissue in G
19783, b: Marstelier and Lelbach 1977 ; Leibach and Marsteller 1977) or 3t exploratory extending
laparotomy, is that of & normalsized or slightly to moderately enlarged organ wath neetive tiss
often blunted and irregular anterior edge. Inspection of the fiver at peritoneoscopy also processes ‘
permits exclusion of partial nodular transformation as described by Sherfock et al. or more di
(1966). In most cases, the surface of the liver is smooth or slightly uneven with shallow - age seen in
indentstions, but it may be finely granular, trabeculated or have a peau d'orange-dike .
appearance. At most, there are micronodular changes but the diffuse coarse nodulanty
of currhosis is only rarely seen. Progression to frank cirrhosis with severe derangement 424 His
of hepatic lobular architecture was observed by Simth and Williams (1974), and also
in two of our recent cases in combination with development of angiosarcoma, Histologic.'
On palpation (direct or by pentoneoscopic probe), the texture of the liver is normal . is generally
or only slightly firmer than usual. Indirect peritoneoscopic evidence of portal hyper- 818, strikine
tension is presented by increased vascularity of the falciform ligament and the intes- fibrosis are
tinal serosa or numerous dilated tortuous vessels in adhesions draining to the abdomi- (Fig. Sa=d)
nal wall, Even in advanced suges, symptoms of pronounced portal hypertension often reactions, ..
throughout
fibrosis. Su-
SO I R ] tological e-.
LT AR TR : 1978).
. *‘quaﬁ.‘. TR Depen:
- ut - Ty, h
F Sy b ke St date of bic;
' ‘«3; L nant liver u
Ty ject to mark
el ' ations is s
. 'u,\ S Thomas 19
TR 1976). bur
Ay (Popper 14
I -0
il 4241 He
'\ﬁﬁ: : In its fully .
éiif{_* of dense, pu
o bile ducts a.
: ‘;‘ﬁf with format
g ‘ central and 1
‘\,‘2 Fig. 4. Peritonecscopic view of left hepatic lobe in noncirthotic portal hypertension of connectn
bt ’-fi- {January 1979). Blunted anterior edge, smooth to finely granular surface. conspicuous with enlarge
._' ¥ patchy capsular ﬁbmﬁg. (42dy|ar-_old autoclave cleaner. VCM exposure 1963 =74, pensinusoid.
B 5y - 1973 thrombocytopenia as first sign. From 1974 to 1979, marked progression of )
MR porti hypertension with spienomegaly and one episode of bleeding from cesuphageal oidal walls. :
o varices.) See also Fig. $ (patwent 6 in Table 11) Milter et al.
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contrast sharply not only with minimal alterations of the surface but also with unex.
peetedly scanty hustological evidence or hepatie tibrosis. The most conspicuous feature
is a focal or diffuse capsular fibrosis of varying pattemn (Fig. 4). preseating as whitish
opaities, The degree of capsular involvement ranges from difuse uny commalike or
steliate szars 10 coarsely rencular and irregularly patchy milk-wnite capsular thicken-
ing (Mursrellcr ot al. 19753). Histology showed that this focal increase of connesuve
rissue in Glisson's capsule may extend into the parenchyma and connect with septa
extending from 2alargng ribrosed portal tracts (Poppur and Tromas 1975), The con.
nective tissue capsule of the enlarged spleen also secrus to be seantive to VCMunduged
processes that have taken place in the underlying tussue so that focal white thickening
or more Jiffuse opactties together with circumseribed subcapsular haemorrhape cysts
are seen in cases with marked splenomegaly.

+.2.4 Histology

Histoiopcal examination of biopsy specimens shows that normal fobular architesture
is generally mantuned. but varying patterns of portal and, 1t soms cases, septal fibro-
sis. stnking intralobular perinnusoidal fibrosis, and focal capsular and subcapsular
fibrosis are found in combinaton with peculiar aiterauons of sinusoidal lining cells
(Fig. Sa—d). Heparocellular changes usually play s negligivle role and nflammatory
reactions. if present at all, are insignificant. The lesions are distributed quite irregulasly
througnout the liver and may vary from nunor inconspicuous degrees 1o quits striking
fibronis. Surgical wedge biopsy of sufficient depth appears to be more sustable for his.
toluge evaluaton than needle biopsy specimens (Snuth et al, 1976a: Blendis et al.
1978).

Depending on leagth and degree of exposure, interval between last exposure and
date of biopsy, as well a3 individual facters, histopathology of VCM-induced sonmalig-
nant liver disease is represented by the following features whase manifestation is sub-
ject to marked interindividual and topical variation: the same vaniability of ussue glter.
auons is seen in the nontumorous aress of the liver in angiosarcoma (Popper and
Thonias 1978 Thomas et al, 1975: Berk et al, 1976 Gedigk ¢t al, 1978 Weinbren
1976). but in these c3ses the nontumorous Jesions m3y be sven more conspicuous
(Popper et al, 1978).

4.2.4.1 Heparic Fibrosis

Inits fully developed form, minimal to marked enlargement of porral tracts by exces
oi dense, paucicellular connective tisrue, which in advanced cases containg proliferated
bile ducts and some periductular inflammation, may in rare instances be combined
with formation of periportal septa linking portal tracts or, even more rarely, connect
central and porwal canals. Other portal aress sppear aimost normal. Focil accumulation
of connective tissus in the thickened Glisson’s capsule may be connected by septa
with enlarged infracapsular portal traca. A more striking feature is an intralobular
pensinusoidal ‘netlike’ Bbrosis with more of less prominent collagenization of sinus-
dwlal walls, in some aress even progresing to frank capillarization (Gedigk et al. 1975
Miller e al. 1975), The focal intrasinusoidal fibrosis may be subtde and in some cases
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Fig. 5a. Neudle biopsy specimen of the liver shown in Fig. 4. Enlargement and fibross
of portal tracts. Moderately large droplet steatosis. Focal dilatanon of sinusoids. H & E.
x 80. bClose-up of Fig. 5a. Indistinct border of enlarged and fibrosed portal tract 1o-
wards parenchyma (left). Proliferation of capillaries (> <) with polymorphism and
hyperchromasis of endothelia! calls. PAS, x $00
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Fig. $¢. Focal portal fibrosis /lefr upper comer; and reculated perisinusoidal fibrosis
with activaied proliferatng and pleomorphic sinusodal lining cells. Trichroms (Goid-
ner) stam, blue filter, x 2£0. d Conspicuous focal dilatauon of sinusoids. Activation
and mederate polymorphism of proliferated hy perchromatic sinusoidai linwng ceils.
Enlarged hepatocy tes wath aypesthromatic nucier. some of them bnuclear. ( Patential
precunar stage of anpossrcoma™) Courtesy of Professor Miilles-Wallrar, Institute of
Parhology. Amberg. H & E_ x 400
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may be recognized only in connective tissue stains. Triche et al. (1975) pointed out
that in one worker with severe acroosteolvsis but nonmal hepatic function and essen-
tially normal liver histology on light microscopy (except for 3 minimal and easily over-
looked incre:se of perisinusoidal collagen in uceasional lobules), electron microscopy
revealed a striking centrilobular increase in collagen between hepatocytes and in Disses
spaces together with proliferation and hyperplasia of sinusoidal lining cells (see also
Kurgkawa et al. 1977). The same ultrastructural deposition of perisinusmdal collagen
was observed by Schiztrenberg et 2L.(1977) in 15 PVC workers in whom we ¢ould ob-
tain liver tissue for electron microscopy at peritoneoscopy. Similar changes (enlarge-
ment of Kupffer cells, abundant depasits of collagen in the Disse’s space and resuiting
reduction of sinusoidal diameter suggesting a possible factor in the pathophysiology

of ‘sinusoidal’ portal hypertension) were seen on electron microscopy in a number of
cases of idiopathic portal hypertension of unknown aetiology (occupational histories
not mentioned) (Summerschild and Kluge 1971; Kiuge et al. 1970; Tandon et al.
1970).

4.2.4.2 Sinusoidal Lining Cells

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

4.2.4.3 Heparocyres

Unimpressive, nonspecific, degenerstive and adaptive lesions (such as minor degrees of
faity degenenation, cloudy swelling, ballooning or vacuolar degeneration, increase of
lipofuscin pigment and proliferation of smooth endoplasmatic reticulum of hepato-
cytes in focal areas without inflamunatory reactions), can be seen to disappear gradual-
ly with increasing intervals berween the last exposurs and the date of biopsy. in con-
trast to the apparendy irreversible darnage to mesenchymal strucrures (Gedigk et al.
1975, 1977, Muller et al. 1975). In poorly demarcated areas there is hyperplasis and
hypertrophy of hepatocytes with polyploidy and incressed number of binucieated
cells. Two types of focal hepatocytic proliferation associated with varying degrees of
sinusoidal cell alterations were recenty described and are thought to play some as yet
undefined role in the precursor stage of angiosarcoma (Popper et al. 1978).

4.2.4.4 Histologr of the Spleen

Unless whn&tomy is carried out in vinyl chloride disease. tissue specimens of the
spleen are Jess easily obtainable than liver biopsy material. Popper and Thomes (1975)
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and Thomas et al. (1975) found the cut surface of surgically removed enlarged spleens
to be charagreazed by conspicuously hyperplasiic Malpighian {ollicles tn a beefy homo-
geneous red pulp. Histologically, they noted [arye germunal centres of the Malpighuan
follicles witir merging of perifoilicular zones. dilatation of red puip sinuses Linad by
endothelial cells of vanable. often cubmdal shape, thickening of the puip cofds with
occasional fresh hasmorrhages, and in one case Gandy-Gamns bodies, but only incon.
spiccous fibrosis of the red pulp.

In ten cases we obrained needle biopsy speaimens of spleen tissue 1+ peritoneoscopy.
Heusermann and Srurze (1977b) and Sturere and Neusermann (1978) studied this ma-
terial, together with spleen rissue specimens available from thres spivens obtained at
spleneztomy. They found evidence for an invoivermnent of the spleen in the Jbrosus
process. Excess amounts of newly formed extraceliular elements of meticular connec.
tive nssue, notably collagen, produced by stimulation of fibroblastic cells of the red
and white pulp. particularly in perifollicular and subeapsular aress. were observed,
There was scamng of penartenal [vmpharic sheaths, obliteranion of the pulp cord
meshwork and reduction of pulp sord volume, in addition to an incresse in number
and diameter of sinuses. The redcular connective tissue of the walls of the sinuses and
of the pulp cords showed marked alterations with thickening of reticular fibres and
formation of bizarre platelike amorphous structures containing irvegularly distnbured
collagen fibnls. Narrowing of the labyrinthine cordal tissue with marked increase of
the reticular connective tissue caused a reduction of microcirculatory sequestration
volume with parallel decrease of the number of pulp cord macrophages and approxi-
mauon of capillaries and souses, Frequendy, focal accumulation of platelets was
found within the narrowed pulp cordbed in addition to increased phagocyrosis of
thrombocytes by residual macrophages. This lends support to the hypothesis of en-
hanced pooling of platelets in the spieen (Heusermann and Seurre 19772), and may
help to explain the pathogenesis of thrombocytopenia often seen even in the eady
stages of viayl chloride diseass. By structural analysis of histomesrical resuirs. Sruree
and Acusermann (1978) oudined certain diagnostie criteris for the differentiation of
VCM-induced splenic alterations from those seen in portal hypertennon due to cisthotis
of the liver or exirahepade portal vein occlusion. They concluded that fibrotie changes
in the spleen in vinyl chioride disease are not the remult of portal hypertension but in-
dicate x pumary acnon of VCM or its merabolites on the spleen. A comprehensive re-
port correlating clinical and morphological data gathered from this group of 13 pa.
tients is being prepared for publication at preseat. Results of histomerrical studies of
the spleen in noncirrhotic portal hypertension of unknown sticlogy are now avail.
able for comparison (Seki 1965 ; Vomamow 1978, 1979).

4235 Pathephysiology of Portal Hypertnsion

‘The pathophysiology of portal Aypertension in VCM-induced liver disease is a5 yot an
unresoived problem. Petency of the portal vein was demonstrated in all cases subjected
to splenoportography. Portography usually showed 10 or only minimal derangement
of intrahepatic vascular pattem such as tzpenng or *eut-ofT” of small perigheral portal
venous radicles (Blendis o1 al, 1978; Villeneuve et al. 1976). High intrasplenic pressure
and a aormal, or only slightly raised. wedged hepari¢ vein pressure indicate that the
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portyl flow is obstructed at the sinusoidal or presinysoidal level. Inn a group of five PV'C
workers selected for haemodynamic studies, Blends et al. (1978) could not demon.
strawe 3 direct relationship between the dezree of hepatic fibrosis in needle biopsy spec-
imens and portal hypertension. But it should be kept in mind that the distribution of
fibrosis in these workers is quite itregular. It has also been suggested by Papper and
Thomas (1975) and Thomas et al. (1975) that the increased splenic and hepatic hlood
flow 35 a result of decreased splenic resistance in splenomegaly cannot property be ac-
comodated in the hepatic portal vein bed owing to impairment of 3uapuve distension
of portal veins and sinusoids by the subcapsular, portal and pensinuseidal fibrosis.
Blendis et al, (1978) found no correlation betwaen spleen or estimated hiver blood
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Fig. 6s. b. Progression of noncirthotic portal hypertension despite termination of ex-
posure. Qesophageal varices. (Autociave cleaner, age at disgnosis: 35 years. VCM-ex-
posure, 1962=]1972, 1972 Raynaud's phenomenon, skierodermoid skin indurations,
thrombocytopenia, splenomegaly, and grade | oesophageal varices. Gradual progresaon
of portal hypertension. Sudden death from ruptured anaplastic anpiosarcoma of the

liver i)n June 1978, Histologically only mild perisinusaidal fibrous in nontumorous
sreas
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flow and the portal pressurs. However, they point out that this relauonsiung may be
veiled by the anount ol blved bypatsing the liver via a collateral circulation,

4.2.6 Follow.p of Non-malignant VCMdinduced Liver Diseasa

In 1974 Murrin et 3l. (se2 also Berk et al. 1975) peinted out that VO M.assocated hepa-
te fibrosts. once established. may progress even aite: cessauon of exposurs. They
could de:nonstrate this progresmuon despite avrmalizauon of all rounae liver funcuon
tests in a 27.vear-ald worker on a follow-up exanunztion including pentoneoscopy and
biopsy 2 1/2 vears after cezsation of exposure. Progression of fibrosis and appearance
of bndgng between portal and central veins were indicative of persisuing 3.ty -of
the fibroblastic process. whereas the previously obscrved activation of both hepato-
cytes (marked variation of cell size and numerous binucieated cells) and sinusordal lin-
ing cells had Jisappeared. Since 1973 we have observed 3 number of workers who on
followup showed evidence of progressing portal hypertension with development of
massive oesophageal varices and subsequent bleeding episodes despite removal from
exposure (Fig. 6). In five (77) of these pauents with progressing portal hypertension angia-
sarcoma of the liver finally developed. In thus context.it is of interest to note that more
or less conspicuous hepauc fibrosis (of rare progression to girrhosis) was the parental
terran in which the majosity of cases of VCM-induced anposarcoma of the liver deval-
oped (see Tabies 13=18).

Liver and spleen scans with 9™ echnetiumdabelled sulphur colloid, quantitated
determinaton of spleen size with the aid of |97Hg-bromomercury-hydroxyprogane
(BMHP) labelled artiticially damaged red cells, and sequenual perfusion scinngrams
after bolus injection of 9™ Tc.pertechnetate have been found usaful in the diagnosis
and follow-up of nonmalignant liver disease in PVC-polymerization workers. With the
aid of these noninvasive methods. inhomogeneous uptake of labelled sulphur colloid in
the meticuloendothelial system of the liver and enhanced yptaks in the spleen, gradual
increass in spleen size and reducton of portal venous perfusion have been observed in
PVC polymerization workers developing portal fibrosis and portal hypertension (Bier-
sack exal. 19752, b, 19772 b).

43 Angiosarcoma of the Liver
43.1 Epidemiology

Primary angicsarcoma of the Yver (ASL) is described under a variety of synonyms
{angioblastic sarcoma, angioblastic reticulesarcoma. endothelioma, endothelioblastoma,
hasmsangioklastoms, hasmangioendothelioms, hasmangioendothelial sarcoma, Kup(Ter
enll sarcoma, malignant haemangiomna, metwastasizing haermangioma, reticuloendotheltal
sreofa, primary sarcoma of the liver), [t is an exceedingly rare malignancy. arising from
vascular lining cells. It cesurs spontaneously with two peaks in the age distribution:

one at early infancy (infantle haemangioendothelioma) and the other in tate adult.

hood (fourth to rixth decaude). The numerous synonyms render it difficult to estimate
the number of reponted caszs and to determine ity true incidences. In a recent review
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of the literature. Alrenga (1975) listed 165 published cases of primary angtosarcoma ton of
of the liver in adults. In the six autopry serics collected by Alrenga. ASL constituted inorgan,
only 1.8% (0.9%—2.7%) of al} primary malignant tumours of the liver. which of them- dioxide
selves are rare findings in the Western World. Autopsy suacistics show that the incidence tem an:
of ASL ranged from 2 to 20/100 000 autopsies during different periods with a mezn Thor
inctdence of 12/100 000 autopsies (Table 12). According to Hearit et al. (1973) 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 25~30 cases per year for the entire United States. reponea
been the
had bee
Table 12, Incidence of angiccarcoma of the liver (ASL) in qutopsy senes and Mo,
Observation ‘No.of  No. cs:f cases :‘::::1'
Authors Year  period autopsies of ASL Region Shorotr
Simpsonetal. 1955 1914~1983 24196 1 Mavo Clinic, fromal
Rochester, Minn.. ASL (R
USA Dew
Edmondson 1958 1918-1953 52000 t Los Angeies, man vin
County Hosp.. USA tensively
1950-]
MacSweemeral. 1973 1900-1969 =12 3 Western Infirmary tion reve
Glasgow, UK. of multi;
Alrenge 1975 1951-1973 39700 é * Cook County Hosp. approve.
Chicago. USA occurred
*" butnota
Remmaond Hurh 1975 19541974 30079 4(60€  Dissecidorf. Fed.Rep. produce.
Germany Haustrut
Byrén and 1975 19581969 b 12 Sweden (3%-5:
Hoimberg (adult cases) Rotir (1€
18.6-L:
Dalderupetal. 1976  1960-1975  Atleast 8 Netherlands . Fowler’s
40 000 {population- Cliow
10~ 14 mullion) haemang
3 Among 120 cases of primary malignant liver tumours studied post murtem during tension b
this 70vear period. . woman w
b Among 8 million inhabitants, ride) dun
€ 4 Anpossrcomas, | haemangioendothelioma, | malignant haemangiopencytoma had a i
manifesta
The pr
Accordingly, the identification of 4 cazes of ASL among approximately 270 em- be tlicite
ployees of the vinyl chloride polymerization section at 3 BF. Goodrich plant near period 18
Louisville, Kentucky, between September 1967 and December 1973 was duly recog- history of
nized 35 an alarming situation indicative of a serious new occupational hazard (Creech Among m
et al. 1974a; Creech and Johnson 1974). observed
Until 1974, only two carcinogenic agents were known to be associated with the other han
development of ASL in man, i.e. the administration of a radioactive collowdal prepara- 391 auto;
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.iosarcoma non of thorium JdinxiJe (therorrast) foe diagnostic purpuses, and chronic exposure to
sonsututed invrganie arsenicals. Both substances are stored mainly in the liver: injected thorium
"vch of them- dioxide particles are rapidly tzken up by phagocytic cells of the retculoendothgliat sys-
the ingiderce tem and are permanently recaned: arsenicais are only slowly reieased from the liver.
ith a mean Thoromrast came nto use in 1928 3nd w as intemationaily ersployed as an injectable
(1975) it was conrrast medium unul the mid.1950s, wiren its use was abandened hecause of mount- ,
" 50.014 0 g :vidence of the ¢arcinogenic action of thonum Jdioxde deposits. Maclluhion er al, :

reponesd the {irst case of thonum Jioudesnduced ASL in 1947, Since then ASL haxs

bzen the type of liver tumour which occurred most frequently among paticnts who )
had been given thorotrast injections in the past (da Sikva Harra 1967. da Silra Horra :
and Motz 1967, Wegener et al. 197 ), Fueh and Pircke 1974, Selinger and Kugf 1975). !
A special type of progressive portal and subcapsular hepatc fibrons was another lesion

caused by thorium dioxide retained in the liver. de Silva Horea (1967) conndered this ! B
Thorotrast fibrosis” to be clearly distinguishable from true cirrhosis. Gamma radiauon ' d
Time. from a lost radium needle has also been implicated as 2 causative ageat in one case of =
et, Minn.. ASL (Ross 1932). i
Development of ASL as 3 late complication of cironic arsenic intoxication in Gat- PR
ies. man vinevard workers was first Jescribed by Lichegors (1949, 1952) and has been ex- R ok
"Hosp.. USA tensively documented by Rovh (1956, 19572, b. 1959). During the 10-year period, 2
1950=19%9, autopsies of 82 Moselle vintners suffenng from chronic arsenic intoxica- e
2 tnfirman tion revealed ASL in 8 cases among a total of 61 individuals (74%), with cancst often ek
- UK. of multiple sites (Roch 1959). In 1925, ansenic insecucide sprays and dusts had besn R
~ants Hoce approved fbr use in German vineyards but they were banned by law in 1942, Exposure s
S USA occurred not only via inhalanon during spray periods (approximately 30 days/vesar) =
but notably by daly consumption of quantities of cheap grape wane (*Haustrunk), ok .
i Fed Rep. produced from a second pressing of the grape skin residue by sddition of water. Thus 2 f.
Haustrunk, an allowance in kind to the vineyard workers, had 2 low alcohol content ;N
(3%=5% v/v) but contaned high levels of residual anenic (0.2—5.9 mg As.0,/litre). ’
Ruth (1956) calculsted the mean total ingestion of As,0, te have been 53.7 g (nange:
18.6-88.8 g) for a 12yenr period. ASL was also seen after long-term treatment with e
vds Fowler's solution for psoriasis (Regeison et al. 1968; Lander et al. 1978), =3
b, Chowdury et al. (1977) reponted an anecdoral case of apparently benign diffuse A
aillion) haemangioendotheliomatosis of the liver with considerable fibrosis and portal hyper. .:,;
sem dunng tension but normal liver function. This candition was found in 3 middie-aged black s
woman who had besn exposad 1o various chemica fumes (including carbon tetrachlo- N
ride) during 20 years in 2 dry<leaning establishment, though it must be noted that she e
sricytoma had a hugh alcohol consumption. The potsibility that these symptoms could have been 78
manifestations in Later life of congenital disesse cannot be ruled out, Los
The proportion of patients with ASLin whom a pertinent history of expesure could ~3
v 270 em- be elicited has varied considerably. In an earlier survey of the litarsture covering the ~ 3
“lant gear period 18751960, von Becker and Bisscher {1961) Usted 12 of 54 adult cases with a %
July recog- history of exposum to eitker thorfum dioxide (7) or arvenicals (S of Rodh’s cases). %
:and (Creech Among more than 15 000 autopsies performed in Bonn Surmg 19501959, all § cases . .
observed were found exclusively in vintners exposed to arsenicals (Roth 1959). On the 3
1 with the other hand, Fiechmer and Ryes (1976) tecently observed a cluster of 4 cases among 7%}
wlal prepara. 391 autopsies during 3 29-month period at 3 hospitai in raral central Wisconsin serving '
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W.K. Lelbach and H.J, Murstelier

Table |3. Personal data of 68 polyvinyl chioride production workere with anzissarcoma
ot the et reported 10 NIOSH up to August 1978 (Spirras and Kamunsk: 1973)

VAL :
% MY Datc of Total
- ; Birth date Jdeath Age at yedm Job
-@"Ep §' No  Coumtn®  (mjdiy) (mydiy) death exp. ~ elaswtivaton®
R
S%r?: N % ' 1 B 011213 06.29.76 63 17 3.2
eI
AR S DO CNDUD 121503 090285 41 i 1.2
AN 3 CNDIY) 030648 122187 33 14 L1215
Ay e 4+ CND(3) 082619 032262 42 20 .5
Pars vyl 5 CND(4)  04.05.19 0i.21.08 48 22 1.2.5. 14
RO 6 CND(5) 050711  07.0568 $6 5 .14
Ay e 7 CND(& 121519 04.10.71  S1 23 1.12,13.18
<3 8 CND«TY 110919 12.2472 82 s 1.9.17
e 9 CND(8) 05.13.20 061273 §3 s 1.12.17
“HUSN 10 CND(9)  07.1921 090474 §3 % 3.12.16
L e 2 11 CND(I0) 0S.16.185 040077 61 14 2.16
hpt e )T
AR 12 &R 000028 120073 45 e
-.:ﬁL 2&e 13 QISR 000026 000066 40 15
£ Teadsen 64 3™ (147
v Ten e 1$ D 060430  01.2569 38 12 2
R er 1S D(2 07.2631 121471 39 1 2
g e 16 DI(4) 09.0430 112574 44 17 2
- AN 17 D($) 01.01.32  0L09.75 43 i2 245
z ] 18 D7) 092936 111375 49 12 1.
Wt ¢ 19 Di8) 100917 12.2575 S8 2 2
verat Fey ] 0 D 121334 03.2478 42 15 10
- F AT A i1 DU 07.23.29 06.28.77 47 22 10
cdTal 2 pun 122936 020777 4l 16 10
t eyt 3 pu 06.1438 100777 39 6 1
boyes
N B ¥ F) 04.15.24 021967 43 19 1.2
<t B s 3 F(2) 060311 012475 63 2 2
Ry e 6 Fu) 01.06.20  06.26.75 S5 29 2
N Hr . 27 F@M) 012737  01.03.76 49 2 2.6
ARt B F(5) 01.2938  05.13.76 38 1 1.2
. .v,i;f:f,m 9 F(6) 041434  09.1276 42 13 6.7
por-el i} 30 F(M 00.0037 070276 49 2 2
IR rrt 31 E(d 040133 013077 42 19 -2
LR ¢ 32 F(% 100814 122577 62 P 2
B dnd ey 33 Fuo 05.24.19 012078 S8 2 2
ST alhp
W 34 GB( 043001 120372 7I 22 8
< c-ﬁ;zﬁi 3 GB(3) 06.0237 122474 37 1
RS 31,32
-t L Lol
. 4-)”3:_*_.’;,3 6 1D 111329 122772 &3 6 2
3 AN 31 13 03.1420  07.10.78 S 2
2 > 33 1 08.01.22  [0.2475 82 22
. ;'5,_4 ; » 1@ 08.0229  08.1076 37 13
P ;ﬁg’:@; 40 N(1) 12.23.15  01.04.72  S6 ]|
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\ursteller Vinyl Chlonde-Agociated Disease ol v
f
ISIISomy Table 13 tcontnued) s
al
—_—im . Date of Toti ’_.a
Birth date  death Age ar yean Jub, . -
No.  Counesy? !mm.'y"’ fmidy) Jeath €AD oldsvinication” }\
. < ’
‘heation i1 Sih 06.23.27 103070 43 18 2
12 §5 06.10.10 03 19.76 6f 21 -
43 Si1d) 1l.16.14 012,77 62 3 Loe
1213 44 Usan) 10172 03.03.73 49 b)) 9 .
- 43 USA (D 08.19 33 09.27.71 37 - 13 9 P
i 14 46 Usa(3 08.25.15 12,19.75 5% b | 10 - .
v 47 USaiay 0L18.24 01.0768 43 15 10 .
L1318 <3 USA (5) 01.25.12 04096+ 52 20 10 .
17 49 USA 16) 11.23.28 072478 36 12 10
bl b 50 Usa (™) 050322 05.2368 4% 17 .
T 51 USA 05.06.20 08.28.61 41 15 .
. L34 USA19) 11.08.51¢ 03.00.75 43 24 9(1) .
53 USA (10 08.16.13 05.10.68 L¥] 17 -
54 USA 1) 082709 031670 &1 =3
55 USA«a12) 111718 050169 20 19
$6 USa(1d) 12012t 070473 52 pd |
7 USaii6)  11.04.27 03.276% 4} 4
58 USA 17y 05.06.31 1978 alive 43 19
59 USA(I®) 042228 11.02.78 46 1
60 LSA(19)  00.00.15 04.06.76 &0 s
< 6! CSA LY 083117 01.30.77 53 3l
N 62 USA+21)  09.02.09 01.02.77 67 21!
63 USA(22)  10.02.2 120876 52 :
64 USA 23y  00.00.22 04.06.73 50 14
63 USA (24 050717 08 2777 60 2
b6 USAa25) 08.07.10 31077 67 20
67 USA (26) 7(1978) 7(1978) (978 (1978
1] YUrl) 04.05.14 08.04.73 59 20 1.2.%
2, Belpum I.  Iualy
ND, Canada. 3. Japan
SR. Crechoslovakia N, Norway
D. West Germany S, Sweden
F. France USA, Unired States of Amenca
GB, Great Barain YU, Yugosiavia.
b 00. data not available.
€ 1. autoctave clraner 10, polymenzation worker
<. autugiave operator, 11, technical assustent
3. pipe firter 12, maintenance worker
4._poiymenzer 13, millwright :
s, foreman 14, water coaling unit
6. filtrwur’ 15, reager
7. ‘préparateur de solution’ 16, furnace opurator . .
8, process worker 17, machine shop worker ; h
9, vhemical operater A4
- vy
. (Tabies 13=15 are vompied with the aid of information contained in the literaturs;
e references we Tabls 1 5)
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6 . W.K. Lelbach and H.J. Marsteller

a population of 130 000. One of the four had a history of occupational exposure 10
polyviny] acetate, which has hitherto not been related to ASL. The other three may
have had nondocumented exposure 10 arsenical pesticides. which were used for many
years in this region, but such conjectural deliberations must awat further investigation
for confirmation. .

Death certificates 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 1968/1969 (8axser and Fox 197°5). Six addinona
cases not mentioned on the death certificates were detected by 3 panel of specialists
(Baxrer et al. 1977). In reassessing 36 of these 47 patients for whom histological sec-
tions were avalable, the panel of histopathologists unanimously agreed on the diagno-
sis in only 14 cases (7 doubtful, 3 unclassifiable, 12 non-ASL). For 12 of these 14
cases occupational and residential histories were obtained which revealed one un-
doubtedly VCM-induced case, rwo cases with possible exposure to (low levels of ?)
VCM and one case attributable to thorium dioxide.

After the first three cases of ASL among vinyl chioride polymerization workers 1n
the United States had come to the attention of the National Institute for Occupational
Safery and Health (NIOSH) in January 1974 (Lloyd 1974), this institution conunued
to collect information on additional cases reported to them from nauons with an im-
portant PVC industry (Lloyd 1975; Spirtas and Kaminski 1977). As of August 1978,
data had been presented on a total of 68 cases of ASL among polymerization workers
(Spirtas and Kaminsgki 1978, pers. comm.); another eight cases had been observed
among nonpolymerization workers exposed to VCM in vanous jobs. On the basis of
this dara eollestion communicated to us in 1978 = for which we wish to thank Drs.

R. Kamunskiand R. Spirtas, NIOSH, Cincinnati, USA = we attempted to trace these
cases and their individual symptomatology as well as other relevant information pub-
lished in the literature up to 1979 (see Tables 13-18). The ten Canadian cases of
VCM-induced ASL (cases 2=11) are dealt with summarily in the papers published by
Dciorme (19783) and Delorme and Makk (1975); seven of them were described in
more detail by Makk et al.(1976). Cases 19 and 23 were observed at our glinic in . unn
but details have only been publithed for case 19 (E.U. in Lelbach and Marseeller }977).
In reviewing the literature we could not trace cases 3740, 43, 50, 51, $3=67 and
C,F and H. According to the latest annual report of the Staatlicher Gewerbearzt,
Diisseldorf (Remn! ¢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 17th case (Figs. 8 and 9).

In retrospect, it was discovered that the first case of VCM-induced ASL had already
ocsurred in 1955 in a Canadian polymerization worker. For the §7 VCM polymenza-
tion workers for whom details were availibie, total years of exposure ranged from 4 to
31 years (mean and median 18 and 19 years, respectively). In comparison, mean dura.
tion of expasure in our group of 17 individuals with advanced nonmalignant liver dis-
ease (see Table 11) was 10 3/4 years (range: 3 1/2-21 yeans). The latency period
(years from first exposure to diagnosis of ASL) ranged from 9 to 38 years (mean and
median: 2] years). The average age at diagnosis of ASL was 50 years (range: 37=71
yesn).
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Table 14. Qlinical snd morphological data on a& polyvinyl chloride (PVC

10 NIOSIH by Augusi 1978
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68 . W.K. Lelbach and H.J Marsteller Vinyl Chl.

Tabie 15. Publications on the 68 cases of anposarcoma of the liver listed in Tables 13 Table 154,
and 19 No. Re
T No  References Additional relevant information - R N
L - ‘
'-;., sy 1 Mubleretal (1977) Hypertrophic. hyperchromatic and ary iyl endothe-
Kt ¥; lial cells in the glomeruli; foc1 of haematopoctic cells a8 Ro
Py € in bver and spleen
Ny
e 43 \
A 5 3
;-'.E": _ s | Delorme and Makk 1% Ror
ol 5 (1973) Case no. 7: ASL associated with hepatocelluiar
Sty 6 > Makk et al. (1976) carcinoma (Delorme 1978b)
L 7 Delorme (197%a, b)
e h!' 8 Delorme and (All cases from one plantin Shawinigan. district
¥yl 9 | Thénaulr (1978) Trous Riviéres. Quebec)
T 1 10
&op ol 1
S 12 B At the same plunt: 4 cases of VCM-nduged cirrhosis
;ﬁ\‘-)” (Slcg;'gf’ and Bérora of the liver plus 1 case of virrhoss and §enershized g?
WG 13 reticulosarcoma and 4 cases of carcinoma of the Gl 32 Ber
+ e tract or lungs 33
YN 14 | Lengeetal.(1973b)  See also Rewnl and Weder (1974) 8 Le
e See also Reinl and Weber (1974)
S 15 | Cedigk 12l (1975)
BT - ; s s
1 16 Gokel et al.(1976) Foci nf haematopoess within the tumour sress
[N : .
FE N 17 Amann (1978) 1974 portocaval anastomosis: cholecystectomy. 3¢ Me:
. ."?’-i Ribsamen (1976) Hypertraphic. hyperchromatic and markedly atymeal 37 -
ks endothelial cells in the glomeruli and in the capilianes
5 of the lungs ! 38 -
L ' 39 -
~ 18 Rewnl et al. (1976)
‘. 40 -
i 19 (Observed in Bonn) Moderate hepatic siderosis: chronic fibrosing pancrea-
R : ans: tubular and intersuitial fibrosis of the restes 41 B
el
e 20 Reinletal. (1976) 42 Bvn
Ay 21 Reinletal. (1977) ’
e £ M Rawnletal. (1977) P _
sy r Ry
it 23 (Obsrved in Bonn) Focal interstitial fibrosis of the pancreas a4 B
ek 26 Revieretal.(1975)  Seeaiso Berrod et al. (1978) (e
‘ ,"‘, 3 25 Roche st al. (1978) 1942 gastrectomy. 1974 splenectomy. right hepatic 45 2o
AniiN lobectomy (640 g). Set also Roche (1977): Puech et o
2 PELYN al. (1977): 8onneton wt al. (1975, 1977), Berrod ot )
: ] al.(1978)

Rety etal. (1976) No autopsy (see aiso Berrod et al. 1978)
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Table 15 iconunued)

No. Referenusy

Additondl reresant witammation

2? Roche ¢t 31.1{978)

28 Rocie etal. (1978)

29 Rocheetal. (1978)

[P PTR PTLPY )
LrEE— O
——

’ Berrod «121.11978)

L
[ N

Lee and Harrv (1974)

is Smuth et 31, (1976D)

36 Maltoni (1974)

37 -
38 -
39 - !
40 -

Chronw alcohol. See also Rache 1 19771 Puech et
A, (1977): Berrod et 21, (1978)

Fust symplom: vertebral and costal metastases Rignht
hepatis lobectomy. See Jiso Roche + 1777): Puech ex
al. t1977). Pilchowski et al. (19791, Coudere et al.
(1976). Berrod ez 4. (1978)

1960 selerodermaiike skin indurauon (hands), swell-
ing of face. upper extremuties and tcet. 1971 bilatery
scroosieoivas. Tumour penetration of the abdominal
wall { fistula). Severe intersutial fibrosis of tesres:
fibrosis of intesstitial wall, slight mesangial fibrosis of
glomeruli. Vanabie but generally shght fibroryalinons
of Jrrenal and venous vessel walls (skin. heart, luags,
intestine. testes)

Latency period ( 1it exposurs = death) only § years
(sew also Fax and Cudlier 1977)

3] Byrin and Holmberg (197%)

52 Bywinatal.(1976)
d3 -
44 Block (19714)

tcase 3)

45 Block (1974)
(case 2)

46 Block (1974)
(case +)

1964 portocaval shunt. 1970 cholecysteciomy. Ses
also Faik et al (19743) (case 4); Whelen et 2l (1976)
(cam 1)

No autopsy. Ses also Creech and Johnson (1974):
Falk ¢t 3l (19743) (casa 3); Whelan et al. (1976)
(cam 2); Makk et al. (1976) (case 6)

Sex also Falk et al (19743) (came $); Makk et al,
(1976) (case 10)
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Table 15 (continued)
No.  References

Additional relevantinformaton

47 Block (1973) Sue also Falk eral. ¢ 1972V icase 2); Makk er a).

(case 1) L11976) (case 4)

48 Block (1974) See also Falk ev 3l (19743) tease 1) Mukk et al
(case 5) (1976) (case 2)

49 Block (1973) Sce also Falk e1 al. 1 19732 tcasc 6 Whelan et al.
(case 6) (1976) (case 4); Makk et al. 11976) (case 14)

$0 -

51 -

£2 Whelan et al. (1976) Chronic alcoholic. See also Makk et al, (1976) icase
(case 3) 13); Berk et al. (1976} (cawe 2)

5367 =

638 Zonca et al. (1975) Among a work force of 1801120, PVC polymeriza-
tion: 60, production of VCM) employed at tius plant,
15 died of malignant disease {2 ASL, § bronchogenic
carcinomas. | case each of carcinoma of the larynn,
rib, mamma. spermatic cord: ghoma, melanosarcoma,
leuksema, Hodghin's disease)

First exposure to VCM for these 67 cases of ASL dated back to the period 1939
1966 (median: 1951). Twentyone years later, i.e. from 1972 onwards, 3 gradual in-
creasz in the number of new cases diagnosed and reported to NIOSH can be observed
(Fig. 7). The onset of this gradual increase coincides with the calculated mean latency
peric " of 21 years (Spirtas and Kaminski 1977), Sprreas and Aaminski also suggested
that 1 ruture cases the age at diagnosis and the length of the latency period may in-
crease a3 3 result of the later reduction in levels of exposure.

From the synopsis in Table 13~18 it ¢can be seen that in about two-thirds of the
cxses of ASL for which morphological details are available varying degrees of associat-
«d hepatic fibrosit in nontumorous areas of the liver were mentioned. Less often, evi-
dence of portal hypertension and spienomegaly were noted. Metastasis of angiosarco-
ma to distant sites was observed in approximately half the published cases. It is of note
that acroosteolysis and cutaneous stigmata of scleroderma have been observed in only
1 of these 76 patients, s French PVC worker who had apparently not been engaged
in reactor cleaning (case 29; Roche et al. 1978), Another noteworthy piece of informa-
tion is that strikingly atypical endothelial cells with hypertrophic and hyperchromatic
nauclei have 3130 been found in organs other than the liver (kidneys, lungs) in autopsy
material from two patients (cases | and 17, Hubler et al. 1977, Ribsamen 1976).
Hublet ot al. (1977) also found such ¢ells in the myocardium and in the adipose tissue
snveloping the adrenals. All this may lend support to the idea that the efTest of VCM
metabolites is not restricted to the vascular endothelium of the liver and spleen. Angio-
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Table 16. Personal data on eight 23 of angrosarcoms of the liver 2mong VOMeex: o
—— posed personne! ot employed in PVC producuen ras reported to NIOSH by August 3 N
‘__; 19780 :.:: .8
i Date of Total y: ' »
Birth d:g: death Agear years Job ;i)
al Noo Countsr imid'y) tm/dvt dzath  exp. classification (:"_‘
A D “.1e.30 10.10.72 -3 I+ Losding pesticige eans : 3‘5{
with VC\ prepeiiast ‘Ao
ral b ;-:: -
' B D@ 050936 121674 3 15 Assistant factory o ey
chermst i 'ﬁ..,‘, .
- £ GB(3) 090814 120070  $S 11 Pouring PVC oil mix- Lo S50
. - ture onto fabric bases te o Vst
!"’ £ase . éﬂ
"D Wb 061535 041671 36 3 Fabrication of PVC phz 1
sacks and wrappings ;Z vt
(extruyion af tempera- 5 hE :n..‘.s
menza tures of 120°C) ti;:%
roreme” E S ILITIL 081671 61 23 Amstantiuctory chem- ey
~Iof 1t (producnon of VCM) -y
LATYRN. a ' A
-3rsama. F USA (15) 00.00.28 02.15.73 47 ? Accountant at plant P =h
e producing PYC fabne ;R_%?
G YU 111831 070273 42 18 Production of VCM P
*u':s:' H o YU3) 122131 011176 48 22 Production of VCM %‘
' n- Y
o vt X
l:mcdv 3 Update of NIOSH repster, August 1978, prepamd by Kaminski as in Table 13, it
| latena ® 00. data not svailabie Py
wrested . gz
nay in- ”1.‘:-; ]
-l the sarcoma acising from the kidneys or other rypes of malignaat renal neoplasms, how. ;:I;,f
" associst. ever, have not been described in VCMexposed indivduals, although malignant nephro. th '
hin, ene blastoms has been induced in experimental animals, S
Ciosareo- The extremsly rare comncidencs of angiosarcoma and hepatocellular careinoms was f%
i of note found in three instances (cass 7, Delorme 1978b: case E, Byrén and Holmberg 1975, FE
1.n only and 3 case not included in the 1978 NIOSH update Tamburro et al. 19732). In the s
Agaged case reported by Tamburmo et al. chronic alcoholism may have played 3 cofactor role f;s-_‘
[ informa- in the developmant of liver cancer. We can now add a fourth case observed in 1978 at Thgrntd
hromati¢ the Department of Medicing in Bonn (we Sect. 4.1.5 and Fig. 3). This patient (pacient TS
wtopsy 9 in Table 11), s PVCpolymerization worker (total period of exposure: 13 years) was A, Ltk
16). first admitted 10 our department in February 1975 and was found to suffet from aryp- . 5.“;—'?‘,'
“we tissus jcal cirrhosis of the liver with portal hypertension, splenomegaly and Raymaud's phe. ) .
of VCM nomenon. During followwp ASL was clinically suspected but could not be confirmed o j“;% ¥
on. Angio- during life, despite exploratory laparotomy and generous surgical biopsies. The patient - zed
. ) it
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Table 17. Clinicat snd mosphodugical data on cight cases of anginsarcoma of the liver among VOM < xposed perse el sol cimployed
PVC polymerization *

Hepaio- Ocsogrhageal  Hepatic Thrombo- Acrin- Raynawl's
No. wcpaly Spheen vasives fibramiz cytopena mieoiysis phenomenon Metistases
A + Spican- + Portal + f | )‘ Diaphragm, gasioe mwcosa,
(6000g) mcgaly fibrosis abdosned lymph nodes
[ ] + Splen- + Fousd capsular 8 A j Diaphvagm. plewsa,
(36500 wmcgaly (425 ) fibsoas, porisl absdonunat lymph sodes
and centrolabutar
fibsoas
[
1 () - Noteslsrped # 1 1 [ 14 Lungs, penicardinm
E o+ ' ? 1 + P ' ’
(104 000)
F
G+ Sphenomepdy ? b4 "’ f ] '} Dura, coanmm
i
2 < e395<w o T O m m n o Yl z =~
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Tabie 18, Publicattony on the ei1ght £33 of sngrosarcoma of the liver listed in Tables {
'0 and " »
-
No Relerences Additiongl relevant information o
A Reinl 3nd veder 198 T idinpattuc portal 1y perteanian, portadas at Y
Tl kunt ?
(] nu :-_3;
B Zimmermann and Eck 1973 nght hemmephrectomy for unilate-al hivdra. -
1978 nephrosts associated with bilateral double hidney ey,
Reni(197%) Foc: of hucmatopoetic cells in spleen and kidney. .
Fibrosts of the pancreas. Shight fibrosis of testes and 2.
of the small intestnal serasy %om
c R
o] Maltore (| 974 Aytops)* angpomatous 2pulis. ARgiosarzoma invoiv- ! ,
ing liver. lungs and pencardium The pencardium .
might have been the primary ute! :
E Byrén and Holmbery Probable coevistence of 2 hepitocellular cancer of
11978) both low and high grade differentistion
F i
G Zorica et al. (1975)
H .

died on 7 August 1978, after 2 massive aemoarrhage from oesc o ngeal varices. Autop-
sy revealed both multicentric metastasizing angiosarsoma and bepitocellular carsnos
ma of the liver as well a3 slight fibrosis of the pancreas (to be puki shed in detail).

It is still unexplained why hepatocytes are genesally exeme 2! from the careino-
genie etTect of VCM metabolitey but, a5 predicied by Popper in 1975, three anecdocal
sases of hepatocellular carcinoma, one German (Gokel ¢t al. 1976) and two British
PVC workers (Fox and Collier 1977), have now also been observed after exposure to
VCM. It may be mentioned that 2 review of the distribution of primary liver cancer
in the Province of Quebec covering the period 1969=1972 showed 3 preponderanca
of adult male cases in uthan areas clustered in the district of Trois-Riviere in congru-
ence with the distribution of the plastics industry, a coincidence which calls for
further investigation or'a possible exposure to industrial carcinogens (Jacod and
Thériguir 1975). .

ot included in the NIOSH register are several anscdoral cames of ASL, capillary
and cavernous angiosarcoma of the liver and haemangiosarcomatosis of sites other than .
the Liver, for which a relstion to occupational or even possibly residential exposure to 1,
VCM has been discussed (Voria et al. 1977; Brady et al. 1977;Dor et al. 1975; Walk-

nofer and Zinnagl 1977). . ¢

Although of undetermined relevance, it should finally be mentioned that, in addi-
tion to hepatic fibrogis, varying degrees of intentitial fibrosis of the pancreas were .
noted 3t Jutopsy in tour German workers (cams 19, 23, B and the above-mentioned W
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1958 1980 1988 1970 1975 1978
year of didgnesis

‘
L b h\i:_

Fig. 7. Cumulative number of cases of ASL among PVC production workers reported
to NIOSH up to August 1978, arranged according 1o year of diagnosis (data from
Spirras and Kaminski 1977, 1978)
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patient with both angiosarcoma and hepatocellular careinoma). Fibrosis of the testes o
was observed tn three cases (19, 29, B), and Roche et al. (1978) also reported fibrosis/ h.
hyalinosis in vessels of skin, heart, lungs and intestnal wall, ar
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43.2 Clinical Manifestations

The clinical symptomatology of usually multicentric ASL is unspecific. Gradually de-
clining general health and lom of weight combined with ill-defined upper shdominal
discomfort and slight epigastric or right upper quadrant pain are usually the first
symptoms. Recurrent bleedings from oesophageal varices may have been antecedent the
evenss in patients with portal hypertension who otherwise felt fairly well, In 2 number Uni
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- testes of ¢ases. the tumour {irst came to attenoon with massive, often fatal, intraperitoneal R o
Sbrosis, haemorrhage. Important tender hepatomegaly (hepatosplenomegaly), slight jaundice wl o
- and occasionally development of moderate ascites and oedema were observed. Except S & -
for muld to moderate hypestilirubingemia, sorme elevation of serum levels of alkabne ot 32 wE
shospnatase and gammagiutamyl transpepudase and only slightly abrormal levels of o j;:?."_&.'.‘;'
serum transairinases, the spectrum of biochemical tests ;s hardly revealing. Alpha-teto- . A
protain determunation has not deen helpful in the diagnosis. Ultrasonography. scinti. -'.. i g
graphy. hepaue angiography and, notaoly, computer omography of the upper abdomzn - "-,‘,.;Ag’
are the diagnosuc procedures of choice if ASL is suspected. X ey
A technetium-?9 Jiver scan visualizes intrahepatic tumour defects (Bieriack et al, LA il Siom
1977b) together with abnormal splenic fixation, but peripheral defects of uptake may . I et
be difficult to interpret (Wheian et al. 1976). Characteristic {earures of angiography F " B ‘j‘;
. are 2 normal-sized hepatic artary with possible displacement caused by tumour enlarge- L, - o W
ment. 2 cerrain degree of central hypervascularity of the tumour, 3 peripheral tamour L

stain, ana puddling of contrast medium pernsting into the late vanous phase. In addi.

tion, varying degrees of pelions hepatis may be observed in some cases. Howsver, even *, ;’ wi
repeated hepanc angiography may fail to confirm the suspectad diagnosis, as was ewn. H 3
dentn one case reported by Roche et al. (1978). . -','L&..
The example of a2 54-vear-old polymerization worker who died of metastasizing o
angiosarcoma of the liver in February 1980 may serve to illustrate the clinical coure. w‘g
In 197273, after an exposure of 18 years’ duration, we found him to suffer from Ray. . P&
naud's phenomenon and noncirrhotic portal fibrosis and portal hypertension with sple. 275 A
nomegaly and moderate thrombocytopenia. Despite termination of exposurs, there _‘.';_ N
was progressive splenomegaly and development of massive oesophageal and gastric ;k' hah
o
N
A
£ E
RS
73.}-?...
B
sporeed ooyt
rom Blhet. Lo
ually de- -
«wminal ! X
st Fig. 8. Computer tomogranhy showing a large, irregular, hypodenss angiosarcoma of i
wedent the liver involving hoth lobes. Courtesy of Professor Thum, Department of Radiology. v
2 number Unrivensity of Bonn
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vances dunng the following years with repeated episodes of bleeding which required
{successiul) sclerosing therapy (major surgery was declined by the patient). In August
1979 he presented again with recurrent epistaxis and slight but permanent epigastne
and upper right quadrant pan. but declared that he (elt otherwise fairly well. He com.
plained about 3 sharp localized epigastric pain on sneezing. There was marked spleno.
megaly, and an ill-detined hard mass was paipable in the epgastrium, Apart from mod-
erate elevation of alkaline phosphatase and borderiine hvperbilirubinzemia, biochem-
istry was normal. Computer tomography showed a large irrepular hypodense tumour
mass in the liver. involving both right and left lobes (Fig. 8). which became practically
isodense after intravenous injection of contrast medivm. A liver scan corroborated the
tumour defect. Shortly after this there was mounting evidence of brain involvement
and rapid deterioration. Computer tomography now revexled multipie brain metastases
(Fig. 9). Autopsy confirmed the tentative diagnosis of metastasizing angiosarcoma of
the liver (Fig. 10).

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

433 Peronecscopy

Litte information is svailable in the literature conceming the peritoneoscopic aspect
of VCM.induced ASL (Roche et al. 1978). It may be impossible (o make a disgnosis of
the initial phase of ASL in VCM-exposed workers by peritoneoscopy and needle biop-
sy of the liver, 28 documented in one of our patients who died of multicentric ASL
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Fig. 10. Multiple brain metastases of angiosarcoms of the liver.
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~8 W K. Lelbach and H.J Marsteller

11 months after peritoneoscopic diagnosis of severe hepaue fibrosis (case 19: see also
Lelbach and Marsteller 1977). In addition to the findings descnbed in connection wath
hepauc fibrosis, there may be hypervascularized or cystic tumour formation visible on
the surrace of a nodulas, quasi-cirrhotic 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 suspr
cion of ASL.

434 Gross and Histological Morphology

The liver is usually markedly enlarged. Liver weight in cases of ASL ranged from 1607 to

7300 g (Thomas and Popper 1975 Roche et al. 1978). The gross appearance of angio-
sarcoma of the live. 1s mostly that of large bulky, irregulacly shaped evsuc tumour
masses; 2 multinodular form with numerous, sometimes umbilicated nodules, is less
often encountered. Extensive haemorrhagic and necrotic areas or solid and spongy por-
tions of tumour ussue replace much of the liver parenchyma. Rupture of large cavern.
ous Cysts may cause faral intraperitoneal haemorrhage.

Thomas et al. (1975) and Thomas and Popper (1975) distinguished four 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, cavernous and anaplastic patterns. Indistinct areas of transiion
and merging of pattemns can be observed. .

Dilated sinusoidal spaces lined by hypertrophic and hyperplastic sarcoma cells with
pleomorphic, elongated, hypejchromauc and often bizarre 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 pepudlary angosarcoma atro-
phy of liver cells results in larger and more irregular blood-filled vassular spaces, into
which loose papillary strands of surviving hepaue cords on an axis of connective tissue
project, lined by sarcomatous cells (Weinbren 1976). Even larger blood-filled spaces
are seen in the cavernous type, where they may be surrounded by thick fibrotic walls.
In 3 smaller percentage of cases, solid areas or nodules of anaplastic sarcoma are found,
resembling solid spindie-cell sarcoma, or even suggesting an epithelial type of tumour.
Gedigk et al. (1975) also observed a reticulosarcomalike pattemn. The differentiation of
the tumour cells varies widely: it ranges from the inconspicuous endothelial lining cell
type to irregularly shaped, gronily distorted giant-cell forms. Morpholopcally, vinyl
chloride-related ASL cannot be distinguished from ASL associated with other astiol-
ogical factors or from the eryptogenic type (Popper et al. 1978).

In rumour-free portions of livers with angiosarcoma widely varying degrees of ex-
crss formation of fibrous connective tissue are usually observed, analogous to that seen
in nontumorous livers of heavily exposed persons. Fibrosis of enlarged portal traces
with modest proliferstion of bile ductules, mostly only scanty infiltration of lympho-
¢eytes and occasional formation of perilobular septa or thin connective-tissue septa ex.
tending into the lobular parenchyma can be found. A more or less conspicuous intra-
lobular, perisinusoida! fibrosis it often detected only by special staining methods for
collagen or reticulin fibres. As a rule, irregular focal or nodular fibrotie thickening of

»
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8 W K. Letbach and H.J Marsteller v

11 months after peritoneoscopic diagnosis of severe hepatic fibrosis (case 19: see also v
Lelbach and Marsteller 1977). In addition to the findings described in connection with -
hepauc fibrosis, there may be hypervascularized or cystic tumour formation visible on "
the surface of a nodular, quasicirthoric liver, or 8 gross aspect resembling hepatic me. %-’
tastases if the vascular malignancy involves the superficial regions of the liver. It should o
be stressed here that needle biopsy is absolutely contraindicated if there is any suspi- "‘.‘
b cion of ASL. -
) -
s il v 7§ . ;" ’
Aol | 434 Gross and Histological Morphology -

L)
The liver is usually markedly enlarged. Liver weight in cases of ASL ranged from 1607 to .
7300 g (Thomas and Popper 1975 Roche et 3l. 1978). The gross appearance of angio- A
sarcoma of the live. is mostly that of large bulky, irregularly shaped cystie tumour ’
masses; a multinodular form with numerous, sometimes umbilicated nodules, is less ]
often encountered. Extensive haemorrhagic and necrotic areas or solid and spongy por. v
tions of tumour tissue replace much of the liver parenchyma. Ruprure of large cavem- .
ous cysts may cause fatal intraperitoneal haemorrhage. «
Thomas et al. (1975) and Thomas and Popper (1975) distinguished four basic devel- L
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, cavernous and anaplastic pattemns. Indistinet areas of transition Fix
and merging of patterns can be observed., . h\':

Dilated sinusoidal spaces lined by hypertrophic and hyperplastic sarcoma cells with Au.
pleomorphic, elongated, hyperchromatic and often bizarre nuclei characterize the per
sinusoidal pattem, which is the most frequent type. Tumour cells of varving differen- In-

tiation envelop liver cell plates and may invade enlarged and fibrosed portal tracts, ac.
companied by proliferation of bile ductules (Fig. 11). In papillary anposarcoma atro-
phy of liver cells results in larger and more irregular blood.filled vascular spaces, into

which loose papillary strands of surviving hepatie cords on an axis of connective tissue lys

of ¢

% &) project, lined by sarcomatous cells (Weinbren 1976). Even larger blood-filled spaces
2ty are seen in the cavernous type, where they may be surrounded by thick fibrotic walls. or¢
M 'g( y In a smaller percentage of cases, solid areas or nodules of anaplasric sarcoma are found, li:;r
et 3 resembling solid spindie-cell sarcoma, or even suggesting an epithelial type of tumour. old.
gy ¥ Gedigk et al. (1975) aiso observed a reticulosarcomalike pattern, The differentiation of
Payt the tumour cells varies widely: it ranges from the inconspicuous endothelial lining ceil pias
ayer type to irregularly shaped, grossly distorted giant<ell forms. Morphologically, vinyl
H5, { chloride-related ASL cannot be distinguished from ASL associated with other aetiol-
4 ,‘ v ogical factors or from t!.n eryptogenic type (Popper et al. 1978). i:::
TP, E In tumour-free portions of livers with angiosarcoma widely varying degrees of ex.
2R3 T cess formation of fibrous connective tissue are usually observed, analogous to that seen
of Rt in nontumorous livers of heavily exposed persons. Fibrosis of enlarged portal tracts eyt
“ ,#'f _;? with modest proliferation of bile ductules, mostly only scanty infiltration of lympho- dep
ggéﬁ* cytes and occasional formation of perilobular septa or thin connective-tissue septa ex- et
o t’f tending into the lobular parenchyma can be found. A more or less conspicuous intra.
Bt lobular, perisinusoidal fibrosis is often detected only by special staining methods for
£yl Y collagen or reviculin fibres. As a rule, irregular focal or nodular fibrotic thickening of crea
=1 :

] 1-..:4__“ ' 'Y
i ‘3;}:‘1%% t'% ]
Seplae R LSS

5 rr“‘&ﬁ,—,. ph T, i




—

1 Marsteiler

* 19: ses aiso
nnection with
tign visibje on
2 hepauc me-
liver. It shou!d
is any susp-

=4 from 1600 to
runce of ango-
‘g tumour

{ules, 1§ less

md spongy por-
«f large cavern.

our basic devel.
lifferent por-
=xjve evolution:
of transition

‘oma eells with
terize the
rving differen-

3] tracs, ac-
.tcuma atro-
spaces, it
megtive tissue
tilled spaces
. fibroue walls.
.»ma 3re found,
- pe of tumour.
-tferentiation of
selial lim'ng call
sically, vinyl
'\ other aetiol-

Jegrees of ex-
g to that seen
portal iracts
om of lympho-
TisFaR SEPLA ¢X-
“MCuUDUS intras
- methods for
ihickening of

Vinyl Chionde-Associated Disease 79
. PR Bl |\ o LS . H e Py LR R+ AT Sl ow".' b -.-.‘?.'

) ,.\,‘.":‘-.'"“,\l_l 4 ’,,' VRN .';‘0,0!- dasih e -, T Tex,
55 35 570 Py wiL Lo gt AL A ey ST e Y
L A TN R L MNP R N U S S R LY T IR
12 Sl S SOPN RS ".’"'I’i‘ 0.7 B,
H T A ) n"" T A .'0 V00 Mg hie nerm G
e Ot M’ Vit .hb“' .-:'" D"_ .9 -‘".' * poe; l‘u‘;.";“-. Ve,
R T S S nd, 4, e it wis Ay i) e 2T A AN,
»."!'!‘i-\f' .5... .. .-..f;u,..-.c.'o‘:"b.r. .:’.-h\“"-". pa 5;‘ S p. n. “
N AN UL O KA Y N T W
it 2 LA g A RO R o R T AL 2
Mtme e Py oy L e L iy R Y] L. Y o
RN Y S s O n..'(_‘\{‘. p,cn,;'“-;.v.‘;&.) .
‘Pt s A P, pem LV L AL T TS K Y A TR e, ”

., - P & - tYaatlfs, L) ‘.-g,’". L
e oo oFS ap .l¢ﬁ ,%,g.“c_‘. - 4 - ’

rnd we N S »? ® o +TT rin® o
. A SED Ry :,0.“.‘. BT O te Nt Carn, Y
A P T T i B IRV TR AN
0,000 8 udi g i, iy e (Sen? #W, 1 WM, o
- *T 4. g0 a7 J-(‘ T " e .

V. tg e s mPy oy o STy A Je i e .
o 5 ‘e vorpaty ’.‘. Trig ey 'y l_.\; 'y In , W,
g S Sifeig Shag BB s

a o ., . N e 2 tate % L AT
O SRR A S Tty At i i T b

O:l‘...‘g '5 4 & ." 0‘0'1 .{‘%‘.- ."v-J . (q. oy
«.. % et V.Y . "Q‘I:. AP PENT TN SN 23y .

* . L ha . . - :
. c’-: p"w. .'. A :..:‘ @ e e " i.."‘: -~ ;‘--:‘.7' el Y
“'_-\‘o": afes i, & S Ve, n.._“.": "...:,' w’ e ® e ,-:
r Tee o BT, . " . e P X ) L TR VI

- - - [

.2 ... PENA . -"\'.-.-'.' to 200, =, “'-':..;.. Ve pERD ’.-o‘-' aee e,

Fig. 1. Angiosarcoma of the liver (upper pert of photomicrograph) invading adjacent
liver parenchyma (case [4 = D1 see Table 13). Note hy perplastic and hyperchromatc
nuclei of proliferating neopliastic lining ceils enveloping hepatic zords. Reproduced by
permusion. Ann NY Acad S¢1 246:278 =285 (1975). Courtesy of Professor Gedigk,
Institute of Pathology. Univernity of Boan. HX E. x 250

of Glisson’s capsule is presenc: these fibrodc capsular areas may extend into the under.
lying parenchyms and may conrect with adjacent enlarged subcapsubar poreal tracts.
The cellular and nuclear size of hepatocytes may vary widely; groups of binusisated
or even roultinuclear parenchymal calls with abundant ¢ytoplasm are sen. Focal pro-
liferation of sinusoidal lining cells may be encountered, especially within fodi of sinus-
oidal dilaration.

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

plastic precursor lesions were described by Popper ot al. (1978):

1) Poory circumscribed foc of hyperplastie, oftea binucleated hepatocytes with
incressed number of various sinusoidal lining ells and only indgnificaat increase of
ntculum framework.

2) Almost sodular areas of conspicuously hyperplastic and hypertrophic hepato-
cytes with more pronounced varistion of markedly increasad sinusoidal cells without
degeneration or necoss of liver parenchymas, but sccompanied by excess formation of
reticylum framework and compression of serrounding parenchyma.

The transition of sinusoidal lining cells to sngiotarcoms cells is characterized by in-
creasing atypia and anaplasia of thess prolifersting endothelial cells accompansed either
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30 W.K. Lefbach and H.J. Martelier

by formation of excess connective tissue or by aceentuation of sinusoidal dilatation
leading to pnmary peliosis. Involvement of portal areas in the evolution of angiosarco.
ma resuits in considerable fibroplasia and formation of hyalinized collagen together
with proliferation of bile ductules. In vccasional cases connective tissue bndging be-
tween porral tracts or between portal tracts and ceatral veins with subdivision of lobu-
les followed by rearrangement of hepatocytic plates may lead to a cirrhosislike picture,

435 Therapy

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

436 Risk Assessment

When in the United States 13 white male cases of ASL had been detected from 1961
to May 1974, among an estimated total pepulation of VCM polvmerization workers of
roughly 20 000, 2 risk ratio (ratio of observed to expected cases) for this population of
at least 400:1 was calculated (Mearli et al. 1975), This calculation was based on data
from the National Cancer Instirute’s Third National Cancer Survey (1569=1971),
which expected for the total United States population an annual incidence of this tu-
mour in the order of 0.014/100 000. This would have meant only about 0.03 cases per
20 000 polyme: zation workers within a 10-year period. Dose-response and attendant
biotransforma+ :a data on experimental animais have since been used to elaborate sev-
eral different models of extrapolation to man. These were calculated with reference to
relative body surface areas, for estimating the risk of ASL in human populations ex-
posed to VCM and for establishing guidclines to assist the research for ‘realistic safe
doses’ that do not affect the average lifespan of a person exposed (Sc/neiderman et al.
1975: Gehring et al. 1979, 1978: Woods 1979), Gehring st al. (1979) consider a probit
percent model to be a reliable tool for risk prediction, which works without the assump-
tion of a threshold. They predicted a cancer risk of 1.5 cases of ASL in 100 000 000
workers on expasurm to the current National Standard in the United States of | ppm
VCM 8 h/day, § days/week, for 2 35-vear working life, an incidence which does not
significantly deviate from the spontaneous incidence rate. A linear model modified by
adjustments for differences in the rate of inhalation, distribution, metabolism, cell
proliferation and tumour latency timws betwesn rats and humans was described by
Woods (1979). This model arrives at an incidence of 3.9 cases per 100 000 000 workers
afier a lifetime exposure to 1 ppm. Much controvessy, however, about the validity of
risk extrapolation from animal experiments to man and from high- 10 lowdevel expo-
sure and the problem of threshold doses has been voiced (Maugh 1978; Houper et al.
1979: Schneilerman 1979: Weigert 1979: Reitz et al. 1979).
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Results of 3 recent survey by Brady et al. (1977) indicated that for New York State
{excluding New York City), a hughdy industrialized are3. the annual incidence rate of
ASL during the 6-vear period from 1970 through 1975 was 0.25 per million residents.
Tlus corsiderably #xceeded the national aver2g2 rate of 0.1< per million per year in
the United States. In a concorrutant case<ontrol study. 26 patients with hustologically
contirmed ASL were found in the study area from 1935 to 1978, and 7 of these had
had documenzed 'ongerm exposute to #ither A3, TnO. or VOM. Five tall female) of
the remaning 19 sauents lived at 2 dbance of $00-=4500 feer from VC 1abnzatoner
polymenzavon facilites jor long penvds. No pertinent exposurs of residental hustory
was obtained from the other 14 pauents. Discharge of uareacted monomer into the en-
vironment as resudt of losses in the PVC producnon process was estimated to have ex-
ceeded 200 million pounds annually, most of which escaped into the aunosphere with
lesser amounts dissolved in water effluent (Scinverrser 1975). Conceming the order of
‘magnitude of ambicat exposure beyond the work place, i#. outside the industrial set.
ting, an average annual exposure concentrauon of 17 ppb was estimaced (or the 4.6
million persoas throughout the United Stares who resided within a S-mile radius of
vinyl ellonde emission sources (Kuzmack and MeGaughy 1975). If the risk assessment
mode! elaborated by Woods (1979) s applied to this population of 4.6 million people,
the esumazed incdence of angosarcoma per year would not be above expected back.
ground levels.,

=.3.7 Monaiity and Cancer Morbidity Studies

For a tumour disease as rare a3 angiosarcoma of the liver even quite small increases in
«hazard o+~ background levels should be detectable (Dol 1975). The situstion with
the common ty pes of cancer is far more Jifficult. Since 1974 a number of mortaiity
stuctes of VCMaxposed populations have suggested that in humans long-term expo-
sure to VOM may also be stsociated with cancer of sites other than the liver. nowubly
the lungs, and the lymphatic and central nervous systers (Monson et al. 1974: Orr et
al. 1975: Tabershaw and Goffey 1974, Nicholon et al. 1975; Wegoner et al. 1976:
Waxweiler et &, 1976, Nicholion 1977, BuffTer st al. 1979). Epidemiological studies
of Britith workers failed to confirm this suggestion (Duck et al. 1975 Duek and Carrer
1976, Fox and Collier 1976, 1977). as did a prospective study of a VOM/PVCex-
posed cohort of 1618 employees of 8 West German chemical plant (Frenzel-Beyme
et al. 1978), Criticism of design and interpretation of some of the studies has besn
voiced (Falk et al. 1974b; Purciase and Willismson 1974; Reger 1977: Daklerup 197$:
Berry and Rossirer 1976). A follow-up of all VOM<xposed persons (750 traced) ever
employed 3t the one Swedish factory, which started operation in 1945, for mortality
and cancer morbidity pattems revealed a lourfould excen of pancreas/liver tumours
but no deviation in the number of brain tumous from the expected level (2y7¥n er al.
1976).

In addition to the thres extensive mortality studies of Tadershew and Gaffer
(1974), Waxweiler et al. (1976), and Fox and Collier (197T7), 2 fourth comprehensive
epidemiclogical study (Reiml and Weber 1976) was completad in 1977 by Reinl et al.
(1978). wirich included three study populations {rom 11 VCM- and PVC-producing
factones in the Federal Republic of Germany, covering the period from before 1959
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vy
througii 1974: (a) 7021 workers engaged in the production of VCM and PVC; (b) bo
4910 chemical workers irom the same plants not exposed to VCM: and (¢) 4007 Bu
workers engaged in PVC manufaciure. Not included were non-German wotkers of tiv
Mediterranean origin, Thus German study permits comparison not only with the mor- ce;
tality ratio of the total male population but also with a comparable occupational og
group exposed to VCM. With regard to the *healthy worker effect’ (McMichael et al, we
1975), overall mortality was elevated for the VCMexposed population (group a), but orn
not for the other chemical workers (group b). Apart from the markedly elevated stan- the
dardized montality ratio (SMR) for malignant liver tumours (1523). which proved to der
have been closely related to the durstion of exposure, a sigmificantly elevated SMR was ph.
found for tumours of the lymphatic and haematopoetic system (214). The group of ot
chemical workers not exposed to VCM (b) also showed a significant elevation of the far
SMR for liver tumours (401), a result that deserves further investigation. No signifi- b.!
cantly increased risk was found concerning tumours of the central nervous system up
ot the respiratory tract. har
It has already been mentioned (Sect. 2.2.10) that an excess mortality from brain rer
tumours (SMR 535) was recorded among PVC workers engaged in manufacture at one 1o
of two plants:in the second plant an elevated SMR (334) for Livet tumours was found. cou
At present, there is no explanation for the increased SMR for accidents found in the ]
VCMexposed population, particularly during the penod 1970 through 1974, about ot !
407 of deaths having occurred in ex-PVC workers. A recalculation of the available data in
would have been necessary for the svaluation of a conceivable influence of VCM on aly
!»'l;ih.nc! - eyt
As an addendum it may be noted that determinauon of plasma carcinoembryonic or,
antigen titre (CEA) in 200 Canadian PVC production workers (mean duration of em- xnr
ployment: 10 years) showed a more than threefold higirer frequency of levels above
10 ng/ml than in a normal healthy population (1.7% vs. 0.5%) (Page et al. 1976).
Leveis of CEA were also determuned in 1363 workers of five different VCM polymeri- Ta.
2ation (3) and PVC processing (extrusion) plants (2) in the United States (Anderson et el
al. 1978). After removal of possible confusing factors (smoking, alcohol intake, past
medical history), it emerged that the distribution of CEA titres among the polymeriza- Groe
tion workers was significantly different from that in the extrusion plant group and in -
a nonexposed reference group. Significant differences were also found for two of six A
job categones examined (polymenzation and maintenance) compared with extrusion B
workers and the reference group. However, the usefulness of the CEA titre as a predic- Cc
tive indicator of passible increased risk seems doubtful, b
: a2
44 Miscellaneous Aspects
441 Thrombocytopenia and Platelet Funcdon Tests :::
Thrombocytopenis in chronic VCM intoxication was first mentioned — rather paren. g""
thetically and without further comment — in a paper published by dutonyuzhenko in F‘:':
1968. Later Jihe wt al, (1973) noticed that each of the first 13 autociave cleaners re- .
ferred to them during 1972 from a West German piant because of suspected skin and The
T —————
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bone lesions presented with mild 10 marked thrombocytopenia (30-119 ¢ 10 Titee), _"'
Bone marrow aspirates in 6 patients permitted exclusion of disturbed plateiet forma. Lo
; - tion or osteomvelofibrosis/sclerosis, but in |2 of them splenomegaly was found. Ex. HALN
“not- cept for slight reticulocytosis in § and leucopen:a in § of the workers, other haematol. 3 ‘!—'-".:.
: ogcal tests were neganve. The reduction of the number of lescocytes and platelets as ""‘(""_‘
:al. well as reticulocytosis apprared to be attriburabls to splenomegaly, but further studies ;1..;'.:.
', but on the nature of thrombocytopenia were thought necessary. and it was suggested by ' ..-!’.'.‘J
*stan- the authors thar a Jecrease in the number of platelens might serve 13 an early and sanly ek’
Jio detectable symptom. The high prevalence of thrombocyrorenis (as deszrmined by ‘5,"',4
IR was phase ~contrast mucroscopy) found liter on detailed analyns of platelet funcuon and ‘.f';,a
por othier parameters of blood coagulation in the rowl cohont of PVC producnon (and also Tt
" the fabacanion) workers from thus plant strengthened this suggestion (Bac/urer et al. 1974, Loy SR
~ift- b.1975a. b, 1976; Se/irt-Bachner and Erzel 1977), Wepman (1975) also cormmented . , Bl Y
n upox abnormal plateler couns in 13 of 37 PVC fabricating workers who had only . Sy
handled PVC powder which. however, might have contained substantial amounts of by
4R residuzl monomer. In contrast, Lilis et al. (1975) detected thrombocytopenia in only 0 St
i one 1 of 354 polymerization workers, but an electromic cell counter was used for platelet (o o '
‘ound. counts (personal communication). AN
. the . According to Sehrt-8achner and Erzel (1977). the mean platelet count in a cohort X
out of 132 PVC polymenzation (and processing) workers was significantly lower than that -.,r;'f‘i )
. dats in a nonexposed contro group of 150 healthy men. As sould be expected, Baciuer et oty
- . al. (1975b) also demoastrated 3 positive comelation between the degree of thrombo- A
¢vtoperua and the prevalence of an enlargemnent of the spleen (palpable splenemegaly
e or spieen size determined by selective scinngraphy wath **-Hy-bromo-mercury-hydro.
s Xypropanedabeiled red cells) in 70 PVC polymenzation workers (sex Table 19). [t ap-
“en. Table 19. Prevalence of enlargement of the spleen? among 70 PVCpolymerization
o ot wotkers in reiation to increasing degrees of throme scytopenia { Backner ot al, 19752)

No.of workers  Patelews (x {0°*/Ltre) Enlargement
examined Range Mean of the spleen

14 > 130 168 3031
4 100=-130 "7 11 (46%%)
25 70~ 99 Y 19(76%)
? < M a4 6(86%)

As determined by palpation or by selecuve spiesn 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 & small number of workers in whom spieen size was definitely within normal
Eimits on selective spleen scintigraphy (Milz03chanindex < 4.5 x 107 according to
Fischer ana Wolf 1963).

Thrombocytopenia was accompanied by abnormalities in platelet function tests.
There was an increase in the number of large (> 10 ) juvenile’ plateiets (incressed
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84 W.K. Letbach and H.) . Marsteller

platelet spreading). enbanced response (platelet aggregation) to addition of ADP and
collagen (Bom test) and increased avadabdity of phuspholipid<ontaining platelet fac-
tor 3 (Bachner et al. 19753). This pattern was thought to be compatible with the no-
tion of an increased tumover rate due to derangement of microcireulation (CDIC) n
liver and spleen and defective reuculoendathelial system (RES) elearance of actuvated
clotting factors (Bachner et 3l. 1974b). Ward (1976) and Ivand et al. (1976) suggested
that thrombocytopenia could be construed as confirmatory evidence of an immune
complex disorder, Heusermann and Swiee (19772) noted unusual focal aggregation of
platelets in Klatsch preparations of spleen ussue and increased platclet povling (plare-
lets trapped within the subsinysoidal meshwork of pulp cords) in the red pulp of the
spleen on electron microscopy as well as phagocytosis of thrombocytes by sinusoidal
macrophages. Schiaffirer et al. (1976) found platelet thrombi in and sround hepatic
sinusoids in mice after exposure to VCM. A direct toxic action of VCM (or metabo.
lites) on the bone marrow has not been demonstrated so far.

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

442 Central and Peripheral Nervous System '

Miscellaneous nonspecific and somewhat indefinite symptoms have been described in
connection with chronic inhalational exposure 1o VCM in PVC.production workers.
such as dizziness, disorientation, blurring of vision and memory, headache, irritability,
sxcessive fatigus and somnolence. sleep reversal or insomnia and other pseudoneur-
asthenic symptoms (Sucite et al. 1963, 1975 Schorrek 1969; Lilis et al. 1975 and
others). This prenarcotic syndrome was interpreted a8 a manifestation of 3 potentially
reversibie acute toxic encephalopathy. Its danger to the individual was thought to lie
mainly in resultant inadequare reactions to critical situations (Schorrek 1969). How-
sver, Vaie 1 al. (1976) reported that sevenal individuals in a group of 95 comparatively
young ex-workars. the majority of whom had no other symptoms. complained of fa-
tigue, headache, listiessness and depression, with onset of symptoms having been de-
iyed as long as 2 years sfter cessation of employment.

With reference to such ‘pseudoneurasthenic complaints’, which may be interpreted
a8 the mildest degree of a toxic encephalopathy, Penin et al. (1975) examined a group
of 21 autociave cleaners at varying intervals after cessation of exposure, 2l of whom
presented with other (cutaneous, angioneuratic, hepatic) manifestations of vinyl chlo-
ride disesse. Clinical symptoms of @ more or lexs distinct encephalopathy (including
cerebellar ataxiz in 4) were found in all but one of them, EEG recordings were normal
in only five of these patients; in the others, parenthythmia, dysnthythmia or a so-
called subvigil electroencephalogram was observed. Evidence of distal polyneuropathy,
found in 19 patients, was attsibuted in the first place to an abnormal peripheral cirsu.

v

lat
en

an.
clu
vin
das:
sib.

44

The
PV(
ap
thr.
dur
wer
def.

viol
exp
fow
post

for .
cre:
vale
wa
The
sear.
alth
brot

tion

smo

to iy
A
thou
ing «
toa

nect
Ve
esp:
17,

to




“larsieller

DP and
clet fag
the no-
HCYin
cuvated
1gzested
naune
zation of
«f {plate-
rof the
misoidal
“patic
wtabo-

s not fully

~wver and

' spleen,

o spon-
Jefect
spleen

~tion with

.vhl.‘d in
hers.
«ability,
LWl
=nd
ndally
v 1o lie
+. How.
=aratively
. offa
- de-

1rpreted
| a group
whom
myl chio-
luding
<2 normal
¢ 380w
-ropathy,

al girgu-

Viny! Chlvnde-Associated Discase 35

lation with resultant hypoxic damage. The pathogenesis of a possibly VCM.induced
encephalopathy is not clear. It would be conceivabie that clinical and bivelectric alter-
ations found 1n soms patients, in whom portosystemic encephalopathy could be ex-
cluded. may have deen due to toxuc or hypoae brun damags. However, no'other con-
vineing evidence has so far emerged to indicate that alwonc trreversibie terebrotoxad
Jdamage may have resulted from prolonged exposure to VCM. notwathstanding the pos-
sibility of an :nducnon of brain rumours.

443 Puimonary Changes

The suspected Jevelopmant of nonmalignant pulmonasy changes due to VCM and/or
PVC dust exposure 18 still a matter of conuroversy. Soon after VOM was recognized 25
a potent carcinogen. three groups of employess (n = 290, 250, 445, respectively) from
three [arge North Amencan PV(-produang plants (A, B, C). charactenzed by different
duration and levels of past environmental exposure to VCM as well as to PVC dust,
were studied with respect to chest x-ay film abnormalities and pulmonary funcuon
defects as assessed by spirometry and determination of maxirnum expirstory flow vol.
ume (Miller 1975, Miller et al. 1975 Lelis et al. 1975, 1976, 1977). All cases with pre-
vious exposure to asbestos, silica or coal dust had been excluded in thess studies. Un-
expecied linear, reticular 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 those from plant
C. with the lowest exposure level. The prevalence of these radiclogical abnormalities,
for which no pathogenetic explanation was available, was found to be significandy in-
creased with longer durauon of VCM-PVC exposure (more than 10 yean), but the pre-
valence of 3 positive history of smoking, although identies] in both groups A and B,
was also found to be significantly higher in workers with abnormal chest X-ray plates.
The overall prevalencs of a positive history of chronic bronchitis (British Medical Re-
search Council criteria) was 20.4% in group A (highesz exposure) and 16.0% in group B,
although group B was significantly alder. The somewhat higher prevalence of chronic
bronchitis in workers with abnormal chet x-ray plates did not attain statistcal signif.
fcance.

On the other hand, age did not appear to be an imponant factor. Puimonary func-
ton tesws showed a strikingly high prevalence of obstructive changes, but since both
smoking and age were related to changes in pulmonary function, it appeared difficult
to isolate potendal specislc effects of occupational exposure to VCM and PVC dust.

A restrictive pattemn was found in 93% of group A and in only 2.3% of group B, al-
though group A was significandly younger. In conclusion, this extensive study, indud-
ing 1 total of 985 workers exposed in the past to VCM &1 well a3 PVC dust, may point
o a potential multiple factor effect of umoking and VOM-PVC exposure. In this con-
aectdon, it is of interest to note that according to a cohont study of mortality among
VCM polymerization wockers the SMRs for respiratory cancer ss well as for ‘other
respiratory disease’ were found to have been in excems of expected figures (156 and
176, respectively) (IWaxweiler ¢t al. 1976).

Brenchopulmonary changes thought to be due to longcantinued, intense exposure
to PVC dust were obsrved by several authors (Parnegyieni and Saxsi 1953 ; Broussard
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Viny! Chionde-Assoviated Disease . £

Certain types of PVC dust (one of two sampies tested) were found to exhibic 3
strong hasmolytic potenaal due to the presence of an undetermined but readily solu-
ble surface-associated agent which was not VCM (Richards et al. 1975). These authon
also studied the etfect of the haemolyte sample of PVC dust on lurng Sbroblast cul-
tures, but they did aot obtain any significant results.

Contrary to earlier indications (Lange et al. 19742) and Jespite continued efforts
we failed to detect any significant restrictive changss of puimonary funcron in the
overwheiming majority of pauents we had occation to examine.

It may be of interest to note that Maltoni et al, (1974b) reported 2 high prevalence
of pathologcal changes of respiratory epithelium (squamous metaplasia, squamous
dysplasa, typieal and atypical adenomatous prolijeranon) in sputum sampies irom
emplovees of [talian VOM-PVC factories.

Nevertheiess. contrary to the now weilestablished role of VCM in the production
of nonmalignant lesions of bone, skin, smat] vessels, liver and spleen. it is still open to
debate precisely what impertance can be asenbed to pulmonary changes within the
spectrum of VCM-induced disease.

4.34 Genedc Effecss ::f VoM

The discovery of the carcinogenic properties of VCM also stimulated interest in its
mutagenic potendal. A number of studies have been camed out that demonstrated 3
mutagenic response to VOM or its metabolites in microbial test systems. Point muta-
tons due 1o basa-pair substitution have been produced in various struns of Salmonella
typhimurtum by VCM in the presence of animal and human Uver microsomes as 3 5y3
temn of metabolic sctivation (Jannug et al, 1973, 1976; Barrseh et al. 19752, 1976
MeCann et al. 1975, Malaveille et al. 1975 Garro et al. 1976). Mutagenicity of VO
matabolites was also demonsicaied in yeast strains (Lopreno et ai. 1976, 1977, Shahiin
1976) and in mammalisn ol {Tuberman et al. 1975). In comparison 10 nonexpased
controls, 3 significanty highe: incidence of chromosomul aberranons (fragmentation,
rearrangement) in lymphocytes of worken oczupationally exposed to VCM was re-
ported by Ducarman et al. (1975), Funes-Cravioro et al. (1975), Purchase et al. (1976,
1976), and Formenko et al, (1976), Fleig and Thiess (1974) had failed to demonstrate
an increased rate of chromosomal aberrations in six chemical engineers and four PVC
fabrication workers. As to the influence on germ cells, Purchase et al. reporred that no
dominant lethal effects were seen in fetuses of female mice mated with males which
had been exposed to 3000, 10 000 and 30 000 pprn VCM for § consacutive days. This,
however, does not absolutely exclude genetic effects on human gonads. The outcoms
of pregrancy amoag wives of VOM-palymerization wotkers as against wives of rubber
snd PVC.fabrication workess (/njanre et al, 19764, b) and rates of congenital malfor.
mation per 1000 resident live births in thres Ohio communities with PVC produstion
plants hae slse besn studied (/n/ante 1976).

As part of a larger survey of workers® health, interview questionnaires (/nfante
1976a, b) showed that after paternal age adjustment a significantly higher incidence
of feral morality subsequant to patemal exposure was recorded among the wives of
VCMexpased warkers. This trend was found to be maincined after slimination 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 2 possible
explanation.

No ¢lear<ut linkage of PVC production and increased occurrence of congenital
malformations (primanly CNS malformations) emerged from preliminary studies in
three Ohio communiues with PVC production plants. But the need for further study
of possible contnbutary factors was indicated (/ufanse 1976). In fact. none »f the par-
ents of affected children in Painsville, one of the three Ohio communities. had ever
worked at either of the two PVC polymerization plants in Paingville or lived within
two mules of these plants (Edmonds et al. 1975).

5 Conclusion and Outlook

The combined efforts of multiple disciplines have been necessary to arrive at tae full
recognition of the range of pathology associsted with occupational exposure to vinyl
chloride. It can only be hoped that the lesson from the vinyl chloride problem may
heip to bring about an increased awareness of the risks and hazards which are inevitably
the consequence of an ever<xpanding technology.

The importance of this lesson lies in jts 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 with a very long latency
period for those who were heavily exposed 1o it. But its carcinogenic properties would
most probably still 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 to have been broken off before the oncogenicity of this chemical com-
pound could have been detected. .

The lesson to be leamed is that in future any new chemical which is to be widely
introduced into the environment should be scrutinized closely, for a sufficient length

- of time, and with the aid of all svailable methods for the detection of potential car.

cinogenic effects. In addition, we should keep in mind that in industrial surroundings
we almost never deal with 3 single compound, but with a very complex occupational
environment whose carcinogenic potential is still 2 completely unresolved problem.

If currently adopted guidelines for industrial hygiene are strictly adhered to, there
is reason to hope that initistion of new cases of VCM-induced angiosarcoma of the
liver can be effectively prevenwed. Unfortunately, howevar, it can be expected that in
view of the long latency period for tumout promotion additional cases will appear dur-
ing the next decads.

Considering the ever-increasing complexity of environmmental influences, future re-
search will be faced with almost insurmountable obstacies in its endesvour to establish
‘safe” levels for potendally harardous chemicals. Promising areas for further studies in
the field of vinyl chloride and allied compounds may be the probiem of the intsraction
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beswesn predominantly hepatocytic metabolism and oncogenic effect on mesenchymal
tissize such as vascular endothelium. and also the question of whether intermittent

short exposures at high concentrations or continuous exposure it 3 Jow concentration

will zarry the greater nsk. .
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