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Vinyl Chloride-Associated Disease

WR.LELBACH and HJ. MARSTELLER '

I Introduction . . .. ...
+ Technoivgcal Detaiis
2.1 Vinyi Chlonde Monomer (VCM)
2.1.1 History
Producuon of YCM
uction ot Palyvinyl Chionde (PV(D)
Technology of Polymenzanon
Methods of Polymenzanon .
CompoundiBE . ... .. ittt e
Sources of Exposure to VCM in PVC Production
The Explosion Hazard
The Odour Threshold
VOM as an Anaestheuc Agent
Effects of Acute Overexposure in Man

....................

3 ~
- ¥

(R )
ta

1489 |JIJOJ|J!JIJ'J!J!J!"°!’

-

.....

9 Monntonag VOM Concenitrations in Working Areas
.10 Exposure to VCM in PVC-Pracessing {-Fabnecating) Plants
I Natonal Standards for the Control of Eaposure
2 Exposure to VCM Qumide the Working Ares

—— e DO A A e L e

AN r

Tuxicalogy of VCM . . . ..
3P AcuteToxaaity .. oo e v n vl
3.2 Chronic Toxicity. . .. . .
313 Oncogenic Properties . ... ..
3.4 Toxicodynamcs ;
3.4.1 Uptake and Distribution. . .
3 42 Metabolism .
34.2.1 Relanon between Chemical Structure, Reacuvn

i

....... . P

and Mutageric or Carcinogemie Effect . ... .. ..

3.4 2.2 Metabolic Pathways. .

4 Clinkal Spectrum . ... ... - I
4.1 The Tnad: Raynaud’'s Phenomenon. Pseudascleroderma and
Acroostesivas | , e i
4.1.1 Familia and ldiopathic Acroosteolysis . .........
Epidemiology of Ocsupational Acroosteolysis |
Clinical and Roentgenociopsal Features . .
4.1.3.1 Occupanonal Acroosteolyns . . . .
4.1.3.2 Pseudoscieroderma ... ..
314 Histology. ... ....c.oververmeneonennnsn
4.]4.0 Cutanecuslemons. . ......ocncvvunvn..
4142 Bonelesions ..........ccoocenvnunnnn
4.1.5  Arteriography. Capillaroscopy. Infrared Thermography
4,16 Immunologeal Studies, ... ..

...... s e e

t L)

o BRPGEIRIVIORY UL VLLQRRAMUVIE ALIWWFIEWMYME , . ., . » - - -

4.1
4.1

W

L N R

..

PR R R N I |

.............

.......

.........

‘e

I R e en . e . ...

R R LI

L N I T A A P S}

....................

RSN

3.7

I Department of Mcedicine, Directar: Prof. Dr. H.J. Dengler, Univessity of Bonn. FRG

oy "-:_f"l—'___f' ¥ P2 Ryl - ?y‘.-
S A U S
M

Sy P

x
AzaReltets
SO e
PN
E iR

Sk od e
LAy I

i ey el

) ;ril‘- Y .H

VAT

PREI

o

N
b

S

s
Wit

l‘t?
14

|5

XF3L

5

Py ‘_-‘
r‘ﬂ‘k,




] W K. Lelbach and H.J. Marseelicr Vinyl Chlonde-Asson:
. 417 Pathogenetic Considerations . . ... .. ........ C 4o one of the least harmf
( 12 Non-mabgnant Liver Disease in Vinyl Chlonde‘l’olyvxnyl Chlonde later tumed out, had it
Production Workers . . .. ... ... . .ttt i i 44 ) )
2 2.1 Clnical Manitestations of Non-malignant Liver Disease ... ... 48 e\alu:.ugas"\ Dfal:x)ne eff
4.2.2 Laboratorv Findings . . ... oottt i 49 to reveal Its carcinoge:.
4.2.3 Gross Inspection m the Liverand Spleen. .. ... ... . ... . . 50 mught have continued -
424 Histology. . ... . ... e . 51 place, considening that
4241 HepaticFibrosis . ..................... oo 8 vapour ohase un .
4242 Sinusoidal LiningCells. . .. ......... Ce e L3 rc:”l".'epdouble-:ﬂ;n.
4.243 Hepatocytes. . .................cc. «-... R 1 - MSSIene.
4244 Histology of theSpleen . .. .................. 54 Today vinyl chlorid
425 Pathophysiology of Portal Hypertension .. ............. 55 formation and data on
4.2.6 Followap of Non-malignant VCM-induced Liver Disease . . . .. 57 cisely a quarter of a ces
4.3 AnmosarcomaoftheLiver ... ... ... ... ... ... ... ... 57 tnbutable to this new ¢
431 Epidemiolofy. .. i v i v r it i i et e e 57 . .
432 Clinical Manifestations . .. ... ... . ............. ) with the shocking df"'“
4.33 POrtONEOICOPY . . o v v oot e e e 76 uon workers heavily ex
434 Gross and Histolopical Morpholoagy. . . . ... .. ... .o v unt. 78 ing that the monomer «
, 338 TReraPY. . - ot i e e e 80 pound did not alert the
’ 436 RiskAssessment. ... .......... ... ..oourivennn, 80 in workers engaged in t
4.3.7 Mortality and Cancer Morbadaty Studies . .. .......... ... 81 lished in 1949 (Tribuk/
4.3 Muscellaneous ASPECIS . . . . ... 82 Ultimately . it |
4.31 Thrombocytopenia and Plateler Funcuon Tests .. ... ... ... 82 . Yiitwast
4.4.2 Central and Penpheral Nervous System . . .............. 84 curred in workers expo
143 Pulmonary Changes . . . . .. ...ttt e 85 a causal relationship: ()
444 GenencEffectsof VCM . ... ..ottt i 87 pseudosleroderma; (2)
' liver. Particularly, the ¢
5 Conciusion and Qutlook .. R R R 88 nancy among 2 compar
Y 89 alarming experience wi
a connection between \
‘ lungs or the gastrointe.
Key words: Acroasteolysis = Angiosarcoma of the Liver = Portal Fibrosis and Porral the prolonged laten
X . : ) i P g Y¥
Hypertension — Pscudoscleroderme - Raynaud’s Phcnomenon - Vinyl Chioride sarcoma of the liver, &

these two fatal consequ
the conclusion that Vic
¢ancer meeting in Hous
to VCM was a very sen

It should be stresse.

The history of vinyl chlonde-associated disease, its recognition and prophylaxis is a . precise, an intermediatc
classic example of shutting the stable door after the horse has bolted. It should help to mainly in the mammal
emphasize the need to shift our attention to preventing exposure from occurring rather menzation products (P*
than to reparative measures. In view of the large number of new and potentially hazard. cated frurn' the polymet
ous chemicals introduced each year into the workplace and the environment, this ac- they contain unreacted

1 Introduction

count should again alert us to the necessity of pretesting chemjcals adequately for PVC ,(‘h“:_““ d¢°°_mP°

their potential heaith effects, even at the risk that technological progress will deveiop toxicity of pyrolysis pn

at a more rmodest rate. :‘;‘ﬂll{;g 2’ the rele;'
. . . . ) ar oyerand

Largescale prodyction of the synthetic resin polyvinyl chloride (PVC), a thermo and only very small of r

plastic maternial suitable for the most widely diversified industrial use, was begun
around 1930 in the United States and in Germany. The monomet, vinyl chlonde
(VECM), a rather simple aliphatic compound, was believed until the early 1960s to be

(O Mara et al. 1971 cite
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Vinyl CiilonJde-Ascociated Disease

one of the least harmiyl chlorinated hydrocarbons, Early animal experiments. as it
later tumed out, had indeed been carmed out with dosages sutficiently high for the
evalugtion of acute effeets, but chromic exposure had not been of sufficient duraton
to reveal its carcinogenic properues. On purely theorencal grounds. however, one
rught have continued to fe2 uneasy with this compound as a poliutant of the work-
place. considering that it 13 (1) a halogenated hydrocarbon which (2) sxists in ats
vapour phase under ambient cond:uons (inhalative exposure) and (3) contains a highly
reacuve double.bond.

Today winyl chlorde-assoczated pathology is well documented. A large body of in-
formanion and data on thus topie has been accumulated, nowably since 1974, but pre-
cisely a quarter of a century had to pass before the full range of sympromatology at-
tnbutable to this new occupational health hazard became recognuzed in January 1974
with the shocking discovery that haemangiosarcoma of the liver oceurred in produc.
oon workers heavily exposed to PVC. Early and not easily accessible reports suggest-
ing that the monomer nught be an environmental risk for workers handling this com.
pound did not alert the experts sufficiendy. The earliest indication of adverse effects
in workers engaged in the production and processing of PVC, a Russian study pub-
lished in 1949 (Tribukh et al. 1949), received little attentioa.

Ultimarely, it was the excepuonal charactar of the three major lesions which oc-
curred in workers exposed to VOM that contributed most to the final appreciauon of
a causal refationship: (1) the syndrome of acroosteolysis, Raynaud's phenomenon and
pseudosieroderma. (2) noa<irrhotc portal hypertension; and (3) angusarcoma of the
liver. Particulacly, the discovery of a cluster of four cases of this extremely rare malig-
nancy among a comparatively small group of workers (Creech et al. 19732) was an
alarmung experience which called for immediate action. It can easily be inagined that
a connestion between VCM and the more common malignancies, such as cancer of the
lungs o¢ the gastrointestinal tract, mught stll have gone unnonced. On the other hand,
the projonged latency periods of both non<irrhote portal hypertension and anpio-
sarcoma of the liver, roughly 10 and 20 years respectively, delayed the recognition of
these two fatal consaquences of chronic exposure to VCM, But ane can hardly escape
the conclusion that Viela's discovery of cancer in experimental arimals, presented at 2
cancer meeting in Houston in 1970, was sufficient evidence to indicate that exposure
to VCM was a very serious occupational hazard (Peters 1976),

It should be stremed that the noxious agent is solely the monomaer, or to be more
precise, an intermediate of the monomer’s metabolic bioactiviation, which takes place
mainly in the mammalian liver and yislds certain highly reactive eporides. The poly-
merization products (PVC), i.e., the solid plastic and the plastic consumer goods fabris
cated {rom the palymer, ars chemically inert articles which carry no health risk unless
they contain unrescted residual monomsr. Even the combustion of articles made from
PVC (thermal decomposition in fires) does ot yield free vinyl chloride monomer: the
toxicity of pyrolysis products of polyvinyl chioride palymers and formulations is
mainly due to the relesse of hydmoehlorie acid and carbon monoxide (Cornish and

Abar 1969: Dyer and Esch 1976; Sorenson 1976 Moser 1976; Colardyn st al. 1976)
and only very small or no quantities of phosgene derived from rasidual monomer
(O Mara er al. 1971 cited by Colardyn et 3. 1976).
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4 W K. Lelhach and HLJ Marsreller
2 Technological Details

2.1 Vinvl Chloride Monamer (VCM)

At standard (ambient) conditions of temperature and pressure, viny] chilonde (CH .=
CHCl: chloroethylene, chloroethene) is 3 nonarritating, colourless gas with a faintdy
sweet odour, inflammable at concentrations above 3 .8% by volume 11 air, whuch is
only shighuy soluble in water, soluble in ethy] alcohol and easily soluble in ether and
carbon tetrachioride. VCM is mainly used as an intermediate in the manufacture of
plastics, as 2 refrigerant and in organic synthesis. It was formerly also entployed as 2
propellant for aerosoles. It is easily liquefied under pressure and is usually handled and
shipped as a liquid. Gaseous VCM condenses at —13.8°C and 760 Torr (= 101.3 kPa)
to a 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 grav-
ity (gaseous VCM 1s 2,15 times heavier than zir), its low solubility in water and the
half-ife in air. rangng from 3 1o 20 h.

Table 1. Phy sical properties of VCM

Mol. wt.: 62.503

B.p: - ‘=13.8°C(=13.710 =13.9)
F.pu -~153.7°C

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

3.8 -19.3% by volume in air above =78.5°C
(= 38 000-293 000 ppm)

Limits o flammability:

Autoignition temperature: 472°C
Vapour pressusce: mm Hg 10 100 692 2300 2660
°c -87.5 558 -—158 +20 +238
Vapout density: 2.15 g/litre (calculated at 25°C and 760 mmilg
. (ait= 1)

09121 at =20°Cl4°C
0.99 at -25°C/e°C

Sources: Fairhall 1957, [rnsh 1963:Zapp 1964, Lefaux 1906, Ostermaver 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 easlier prelim-
inary experiments, encouraged Regnauit to investigate this compound when Regrauir
spent several months in Liedig’s laboratonies. All compounds containing the vinyl
group (CH, *CH-) polymerize readily (Fairfiall 1957). Spontaneous polymerization of
viny!l chloride to a white opaque solid mass under the influence of sunlight was first
dcs_cribed by Baumann in 1872; he also quotes a paper by Sayrsev and Glinsky (who
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succzedad i dezumposing vinyl chlunde to monuchlorouidehyde with the 2id of oxid- ('
ZiNg Substances such as hy pochiorous acid.

2.1.2 Production of VOM
ichlonde (CH.=

-as witk a fantly arge-scale commercial sunthensof VOM with 2 high yvieia was made possible much later
0 ar, which is by empiosing two principle methods. the sezond having now largely replaced the first:

luoly in ether and

* manuiacrute of 1) Conversion of acatylene to VCM by hydrochlorination:

sp empioved as 3

wsually handled and CHaCH + HCl = CH. =CHCI (catalyst: HgCl, on charcoal) (dustn 1974)

Ture (= 101.3 kPa)

‘roperues are listed , 2) Conversion of ethylens by vapour-phase or liquid-phase oxvchlorination to J,2di-

:+ mgh specific grav- chloroethane and subsequent pyrolysis (thermal cracking) to VCM (Albrgite 19673):

in wate and the CH:=CH; +2HC1 +1/20, = CH;Cl-CH,Cl+H;0;

& 3
i CH, C1-cH, 0 RC=$10°C

, CH.=CHCI « HC!
. purmics cataivst

(pyrolysis: thermal sracking, Ausnin 1973),

VCM was usually manuiactured in closed systems and stared in outdoor iacilities.
Thus. any leakage of the gas was readily diuted in the ambient ur. VCM cancentra.
tions in the aumosphere at some distance from manufactunng plants were found to be
we =19.8°C in the range 1= ppm. In close proxumity, the concsntration ranged up to 50 ppm
(IARC 1973), Spontaneous polvmenzation in light has also been repeatedly observed
when VCM cornes into contact with atmosphenc air due to container leakage (Oster
. } mayer 1967), A prerequisite for the polymerization process is a high degree of purity
3300 _-660 : in commercially produced VCM. Impurities retard the polymerization process (Lefzer
* 20 +25 ‘ 1966: Ostermayer 1967).
y H - In the early discussion about the cause of vinyl chionide-amociated disease it was
d 760 mmHs conjectured that other compounds or impunties contained in prepolymenzation or in
retrieved VCM ruight have been the causative ageaws) (TTicss and Versen 1974). Anal-
yses curied out by six West German manulacturers of PVC, however, showed that the
sum of all impunucs (such as saturated or unsaturated hydrocarbons and their halo-
rmayer 1967, genares) was 0.012 by valume for prepolymerization VCM and 0.1% for retrieved un-
reacted monomer. Onty methy! chloride was found in concentrations of S50-300 ppm
in prepolymerizauon VCM and 100-500 ppm in retrieved VCM (in one instance only,
the concentration ranged between 1000 and 3000 ppm). But it should be kept in mind
that even 1000 ppmy methy! chioride in VCM would mean, at 500 ppm VCM in air, 3
- study syswematically methyl chloride concentradon in air of only 0.5 ppm. All other impurities (propylene,
: some eaglier prelim. : sobutane, 7butane ¢ts.) would then be in the ppb range. Besides, no significant dif-
und when Regnault ference in purity eouid be found berween VCM from scetylene and from ethyiene.
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6 - W K. Lelbach and H.J. Marseeller
2.2 Production of Polyvinyl Chloride (PVC)
2.2.1 Technology of Polymerization

The following deseription is meant 10 serve merely as a rough sketch of the procsdures
and technological details involved in the production of polyvinyl chloride.

Vinyl chloride monomer is polymerized in large autoclaves (reactors) at rempera-
tures between 40°C and 830°C and pressures of 6—16 (8—12) atmospheres. Th-re are
usually several reactors (up to 10-30) located in one building. The reactivity of the
monomer is a function of its double bond. The second functional site of the vinyl
chlonde molecule, the chlorine atom. does not react easly. The double-bond of VCM
is not only the 1ite from which the polymerization originates but is also the source of
the toxicity and cascinogenicity of this compound when it is being metabolized in the
body. The polymerization of VCM, which is a strongly exothermic reaction (Barnes
1976), is initiated with the aid of compounds soluble in VCM that form free radicals at
relatively low temperatures. Initiators are such compounds as lauroy! peroxide, isopro-
pyl percarbonate, azobis-dsobutyronitride, and others. The free radicals react with the
double bond of the monomer, transforming it in tum into a {ree radical and thus prop-
agating the growth of a chain of molecules with a terminal free radical. Chain growth is
interrupted by saturation of the terminal free radical which often involves a reaction
between two growing chains (Malren and Zielhuis 1964; Lefoux 1966: Albright 1967
3—=cDomininghaus 1972, Slater 1972). The random character of such termunation
steps accounts for the production of chains of different length and hence diffetent de-
grees of polymenzauon, with molecular weights of the finished PVC being statistically
distributed around a mean value,

Commercial PYC polymers have average molecular weighrs that vary from about
50 000 to 150000 daltons (Albright 1967b). Degree and velocity of polymenzation,
which are influenced by temperature and the concentration of initiators, determine
the specif - tyype of PVC produced (Frey 1973). During polymerization considerable
amounts «f the monomer are at first dissolved in the polymer, but most of this is later
also transformed to PVC as polymerization progresses. The polymer which is not sal.

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

down towards the end of the reaction. It is terminated, depending on the method used,
when approximately 80%-90% of VCM is polymerized. The timing of this termina-
tion of the process is essential for the physical properties of the resins produced. The
heat generated during the exothermic process of polymerization must be removed to
keep the temperature of the reaction under control. Mechanical agitation aids in trans.
ferring the heat across the colloidal system to the cooling jacket of the rsactor. During
the process of polymerization certain quantities of the polymer adhere to the walls of
the reactor and form a slowly thickening continuous film or crust. 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 away after
termination of the batch process (Bames 1976). '

After completion of the polymerization process, the slurry is released from the re-
actor into a dump tank. Residual unreacted vinyl chloride monomer is partly solvated
in the polymer (sbout 10%); the remainder is dispersed in the water phase or 15 present
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Vinyl Chlonde-Associated Disease 7
in the vapour phase above the slurry. While a batch is in the dump tank, this unreacted
VC monomer is retneved by pumping it off into a VCM storage tank. Retneved VOM
is then puntied by subsequent distiiation for recycling purposes. Monomer soivated 1n
the finshed polymer cannot 2asily be extracted sinee it has a strong affinity for PVC
and must diffuse through the parucles: tius dif fusion depends on time and temperatuse.
Raw PVC rexn. therefore, still contains certun quanuties of unreacted monomer
(VKE 1975). Barnes 11976) reported that the polymer n the slurry still contatns ap.
proumately 300 ppm of winvi cidonde.

The slurry from the dump tank 15 pumped into a storage tank (blend tank) which is
large enough 1o hold several batches of the product. The contents of the blend tank
are then pumped into 2 centnfuge whush separates the wet solids from the water. The
wet polymer, 2 granular mass. is dnied either in rotating tubular dryers or by spay-
drying methods, the latter being used mainly for products formed by emulsion poly-
menzauon. yelding 3 polymer which is similar 10 a very fine white flour. These very
fine solid parucles sre fed directly into a spray«irying column without dewatering. The
drying temperature should not exceed §0°C ro prevent thermal decomposition of the
polymer. A cyclon separator at the exat end of the dryers removes coarer parucles.
The solid polymer parvicies are then sized by multipledayer screens, air<onveyed to
storage bins or suos and finally packaged for shipment (Albngire 1967d). The resultant
dried powder contains about 50 ppm of monormer (Bames 1976).

222 Methods of Polymerization

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

Suspension Polymenzanon, Polymenzation is carried out in an aqueous system in
which monome: droplets are maintuned in suspension by means of protective colloids
(such s polyvinyl alcohol, gelatin, substituted celluloses) under heat and pressure in
conjuction with brisk agitation. Relatively large polymer parvicies can be obrained by
thit method which "dsy blend" well.

Emulsion Polymerization is the oldest rechnique, to which suspension polymerizauon
was added in the 1950s. The proces is similar to that in suspension poiymerization,
except that large amounts of emulsifying agents (such as soaps or other furfactants)
are added. Emulsion polymerization yields resins of 8 very small particle size. Th
emulsifiens cannot dbe completely removed. '

8ulk (Mazt) Polymerization. in this process VCM is palymerized in two stages without
the additon of other liquids. The two reactors are operated batch.wise and in series.
The first reactor (2 ‘prepolymerizer”) pravides for the initial liquid phase, while the
sacond one & used for agitating the sluzry, which is transformed, through 3 sticky
solid state. to essendally dry particles until the conversion trom monomer to polymer
reaches a level of about 75%—30%. The resins obtained by bulk polymerization are
characterized by high purity and particle umformity, resuiting in an end-product of
good optical clarity.
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8 W.K. Leibach and H 1. Marswdtler

Scdurion Polvimenzation. This type of precipitation polymenzation is carned out in
vrganjc solvents such as n-butanc or cycluhexane. [t accounts for only a small percent.
age of the total amount of all PVC resins produced and it is used for the production of
copoly mers. Copulymers ase mixtures of comonomers (such as viny| acetate. vinyi-
stearate, vinylidene chioride, propylene, acrylonitrile etc.) and vinyl chivonide. The co-
monomers tend to improve flexiblity and limited solubility of the product in solvents
and exert an influence on the temperatures required for compounding.

2.23 Compounding

As 2 next step, depending on the end use, the dried polymer, a whitish powdery or
granular product, is then compounded (or dry blended) under pressure at fusion tem-
perature with the aid of plasticizers (mainiy phthalate or other organic esters) and light
and heat stabulizers (heavy metal salts, organoun compounds, and other stabilizers).
Lubricants 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 1 source of
toxicity. The plasticizers may slowly diffuse out of the final product depending on its
compatibility. Lead-contuning stabilizers may also pollute the working atmosghere
(Smolcic 1966: Tola 1975). Compounding is carned out by hot mixing at fusion tem-
peratures below ot within the softening range (120°C~160°C). Diversified compound.
ing and processing technologies were developed about 1950.

The compounded polymers are used for the production of diverse end-products.
The fina conversion of the thermoplastic PVC resins into consumer end-products is
accomplished by such procedures 33 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 temperatures during the fabricu-
tivn operations (compounding and conversion of compound polymer into consumer
articles) dnve off part of the small concentrations of residual monomer still contamed
in the polymer. Bames (1976) calculated that the final fabricated articles contained

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

=24 Sources of Exposure to VCM in PVC Production

Both polymerization of VCM and subsequent processing (centrifuging. drying. screen-
ing, bagging) are usually earned out in closed buildings, Exceptions can be found in
hot climates (Aryanpur 1977). Polymerization is of necessity a batch process that re-
quires a large number of single operations. Therefore, valves, gaskets, shaft-openings
and control gear are subject 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 monstoring
equipment and special exhaust systems. Opening of autoclave vats for cleaning and
conuul purposes resuited in larger spill-over of the tank atmosphere into the work en-
vironment. Numerous reports of workers with prenascotic symptoms (dizziness etc.)
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permit the zonclusion that episodes of acute vvarexposurs te VOM were not rase events
in the past. :

There is no doubt, however, that those workers who manually cieaned the auto-
clave vats %y scraping away or ghipping o1 the “poly mer skia” funned on the reactor
walls ¢*pols cleaners’). and who in the past htad to spend several hours ineide the reac.
tors. itad been exposed to the highes: 2oncentztions of VOM. Although the vats were
Jezuised gror to entry, unreacted monomer remaned trapped in the polymer sxun,
and lasger amounts of VOM wers released when cavities formied in the polvimer crust
were openzd by chupping. The later introduction of automatc cleaning svstems redus-
ed the frequency of entry into the reactors, but some manual cleaning of shorter dura-
tion stilt had 10 be done atter every 20th-30th run, It is, thercfore, plausible that, pn-
marily, the most severe adverse effects of exposure 1o VCM were fully recognized in
those workers who had been emploved in this job category. But the subsequent steps
{centnfuging, drving. screening) also involve the release of some of the lesser quanti.
ties of unreacted residuxl monomer from the particies to pollute the environment if
venulauon, notably of the drying facilities, is inadequate. Finished polymer, ready for
shupment ot subsequent compounding. still contains small quantities of unreacted mo-
norner, which either slowly diffuse out and pollute the bagying areas during storage or
are daven out by the hugh temperatures necessary for compounding.

Table 2. Conversion table for concentration of VCM in ambuent air

-
Mol we.

e —— HH
1000 x 2443 mwilitre

{ppm=

2445 x 1 000

| mg perlire » oL Wi ppm
(Parey 1958)
; m!/lit:e . ng ppm
mgim* = 0.391 ppm
lppm = 2Shmgim* =  0.00256 melitre
1% = 10000 ppm = 156 mgilitre

225 The Explosion Hazard

In the pmt only the explosion and fire hazard of VCM was thought to be the domi.
nant monitoring problem in handling gaseous vinyl chloride (/rish 1963). This hazard
covers A concanuation range of 4%-22% by volume of air (40 000-220 000 ppm)
(Lefaie 1966). It was observed that VCM, being 2.15 times heavier than ais. may col-
lect as a compact laver at the floor of a polymerization building after spill-over from
opened tanks and may catch fire. At least two instances of diszstrous VCM explosions
became known: In 1964, a large plant for the polymerization of VCM in the United
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10 . . W.K. Lelbach and H.J. Marsteller

States was almost completely destroyed when VCM escaping from a lcak detonated
(Aibright 19673). Another explosion 1n one of the two Rumanian factones operatng
at that time was mentioned by Suciu et al. (1975). Monitoring of VCM concentrations
polluting the work environment was then directed largely towards prevenung VCM
from reaching the flammability limit. .

226 The Odour Threshold

Unfortunately, gaseous VCM has no irritating or unpleasant waming propertics. Its
mild odour is described as faintly pleasant, sweet or ethereal. Some of the PVC
workers we interviewed reported that they had even enjoyed ‘sniffing the gas®, which
soon resulied 1n a feeling of light-headedness. For the early days of PVC production,
when appropriately sensitive monitoring equipment was not yet available, workers' re-
ports about perception of the odour of VCM can be taken as circumstanual evidence
for a rough estimate of the actual degree of exposure. It should be kept in rmund, how-
ever, that in chemical production units the presence of other odoriferous chemicals
and the possibility of olfactory fatigue, as well as different levels of individual sensitiv-
ity, may render it very difficult to determine the factual odour threshold of 2 certain
gaseous substance unless it possesses irritating waming properties,

In 1929, Schmidr and Schaumann declared that the faintly sweet gas is practically
odourless at concentrations of 5%—10% by volume, Feltman and Lange (1977a, b)
assumed an odour threshold of 5 000-10 000 ppm. Volunteers exposed to VCM
detected a slight odour at 4 100 ppm; a distinct odour was noted at 6 600 ppm for
30 min and this was accompanied by subjective symptorns of dizziness and sleepiness
(Irish 1963). Gehring et al. (1979) recently mentioned 3 threshold of approximately
3500 ppm. Others have claimed that a concentration of 400=500 ppm is the fower
limit for detection of VCM by its odour (Barerra et al. 1969; Cook et al. 1971 Marko-
witz et al. 1972, Lefévre 1975, cited by Hubler 1975). Baretta et al. (1969) conducted
experiments with concentrations of 50, 250 and 500 ppm in an exposure chamber, in
which 13 volunteers participated. At 500 ppm only some of them elaimed that they
were able to detect the odour, but this was inconstant. Table 3 shows that differences
between the various estimates are at least one order of magnitude. The close proximity
between the perception of the odour of VCM and incipient ONS symptoms as reported

. by Insh (1963), however, makes it likely that the actual odour threshold can be as-

sumed at or above 4000 ppm.

In contrast to VCM, the comonomer vinyl acetate, for instance. has distinct wam-
ing properties and can be detected by its odour at a leve] as low as 0.4 ppm; eye and
throat irntation begin upward of § ppin and are noted by all test subjects at a concen-
tration of 21.6 ppm (Deese and Joyner 1969).

2:2.7 VCM as an Anaesthetic Agent

VCM was once even considered for use as an anaesthetic agent. In 1929, Sc/midt and
Schaumann speculated about using VCM as a supplementary narcotic st concentra-
tions of 3%-5% (v/v) (= 30 00050 000 ppm) in combined nitrogen oxide oxygen
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Table 3. Odour threshoid

Lower lim1t of detection

Author

3000-10000 ppm

"eltman and Lange 19773, b

by
1

o B ==
e L T

£ 000 ppm Viglal 974
4100 pem Irisit 1961
3500 pom Gehrng et 4 1979
500 ppm Bare:ez 21 50 [969
400=500 ppm Lerévee 1977 (cted by Hubier 1975
400 ppm Cook et 3l 1971
400 ppm Markowirz eval. 1972

anaesthesia because of its potent narcotic action and the wide margin berween natco-
4¢ and ‘ethal concentrations. In anumals it produced anassthesia at 7o—10% in air or
oxygen:concentrtions above | 2% proved to be dangerous. The authors pointsd out,
however, that adverse fate effects of this halogenated hydrocarbon could not be ex-
cluded. In toxicity studies with guinea pigs Partv et al. (1930) found soncentratons of
10% VCM to be lethal within 3060 min, 5% to cause marked narcosis, and 0.5% for
several hours to be the maximum talersble exposure without senous effects. They also
commented upon the potential use of VCM for surgical anaesthesia but were undeter-
mined about its practicability. [n mice, the minimal anzesthetic range was found to be
3.5-5 mmol (85 000=122 000 ppm) for 10 min, the munimal lethal range 1012
mmol (244 000293 000 ppm) (Pecpic: and Leake 1933). It was rot until 1947 that
Oster et al., in contrast to Schsumann’s eardiet asumption (1934) of 3 relativaly low
cardiotoxicity, warned against the use of VCM as 3 potential general anassthetic in
man because of serious eardiac irregularities and ECG changes observed in dogs. VOM,
like ocher halogenatzd hydrocarbons, senutizes the heart to the effect of catechol-
armunes (Irish 1963). We could not ascertain whether VCM has actually been ysed in
the past for anarsthesis in man.

228 Effects of Acute Overexpasire in Man

Some individual responsss of volunteers to increasing concentrarions of VCM are

listed in Table 4. Lescer ot al. concluded in 1963 that the maximum concentration
without acute effects in man lies berween 8 000 and {2 000 ppm for 5 min, and that
symptoms such as dizziness, light-headedness and disorientation shouid be taken as
adequate warning signs for imminent acute danger. Two fatalitiss after occupational
txposure t0 high coneantrations of VCM asre reported in the literature (Danziger 1960).
A 21-yearoid autodave cleaner at 2 Canadian polymerization plant wss found dead

10 min after entry at the bottom of 3 probably insufficiently ventilated reactor tank
which had been declared safe solely after an explosiometer test. Heart failure cells and
cardisc enlargement found at autopsy, however, implied that the cause of death might
have been acute functional distucbance in pre«xisting heart disease. In the second case
which cceurred at the same plant, howsver, circumnstantial evidence apparently left no
daubt that heavy VCM exposure was the cause of death in 3 39-vear-old worker. He was
found dead within 20 min, lying in 3 pit near the opened vajve of 3 recycling pipeline
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Table 4 Individual respunses of volunteers to increasing concentrations ol VCA

Concentration Duration of Symploms Reference
exposure

500 ppm 7.5h (Inconstant odour detection) Buretrg et al.
mild headache, dryness of 1969
eyes and throatin 2 of 7 subjedix)

A4 Q00 ppm - Generally accepted odour Irisn 1 1963)
threshold

6 600 ppm 30 min (Distinct odour) Insh (1963)
dizziness. sleepiness

8 000 ppm 2 of 6 subjects ‘slightly heady’
12000 ppm ] of 6 subjects had reeling,

swimmung head, Jjust like
5 mind (twice on  getung gas’ Lester et al.
16 000 ppm | each of 3 succes- 5 of 6 subjects, vanous degrees  (1963)
sive days) of intoxication
All 6 subjects had more intense
‘symptoms of acute intoxication
than at 16 000 ppm

20000 ppm

2 experimenters: Parev eval.
dizziness, disonentation, {1963)
buming sensation in the soles ’

of the feet

25 000 ppm 3mun

3 Exposure to six different concentrations: 0 ppm: 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 a reserve tank:
another man coming to his rescue was himself overcome by the gas and only just
escaped.

Two nonfatal cases of VCM gassing were reported in Great Britain in 1931 (Sperras
etal. 1975). A maintenance worker experienced acute narcosis while repairing a VCM
leak, and a worker cleaning a polymerization vat from outside with a water jet sudden-
ly collapsed across the open manhole. Subsequently he complained about tightness of
the chest, nausea, abdominal pain and headache. Occasional loss of consciousness was
also reported by Lilis et al. (1975) in 14 of 354 workers at Niagara Falls and by Suciu
et al, (1963) at 3 Rumanuan plant. VCM-induced narcosis, at least on one occasion in
the past, had occurred in 46 of 58 workers (79°%) relerred for medical surveillance
from one British PVC.producing plant (Vant et al. 1976), with a 1007 incidence of
narcosis in 28 symptomatic workers (Raynaud's syndrome and/or acroosteolysis).
Successful resuscitation after VCM-induced narcosis of several hours' duration with-
out evidence of permanent damage was mentioned by Rery et al. (1974).
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229 Monmtoring VCM Concenrrations in Working Areas

Dunng the first two decades of PVC production (193019301 no publication contam-
ed data on VOM zoneznurations in the working environment. The mamn wmterest then
was direeted towards prevention of the explosion hazard, [n 1957, the vbservanon of
an apparently toxic angoneurosis in Russian PV'C production workers (Simrarz
1984: Plesheiurser et al,, cited in Filatove and Gromsdere 1937) indeesd Frlarors and
Gronsberg ta investugate eavironmental VO soncentrations in vanous pans of 3
Russian poiymenzauon plant in Gor'kij. Aithough most readings wers in the range of
0.035-0.08 mg,litre (= 20=313 ppm), ¢ 4. below the maximum permitted VOM con-
centration of 1 mg/litre (approxumacely 400 ppm) as specified by the State Sanutary
Inspectorate at that time, escapes of VCM in the reactor areas from defective tittings
or from the discharge of operating autoclaves resulted in excursions up to 29.5-i 4
mg/litre (= 1] 500-16 200 ppm) ior penods of 5~10 mun, One peak reading o7 87.3
mg:hitre (= 34 000 ppm) wis recorded,
In the centniuging and drving area of this plant the VCM content of the ambient
ar ranged from 4 ppm 1o 3 100 ppm with most readings berween 20 ppm and 195
ppm. which was attributed to relexse of residual VCM frora wet PVC remn and poor
ventilauon. The sereening and bagging area was characterized by high dust concen.
trations. sometimes exceeding the official upper limits set for non-oxic dusts, In the
pursuit of improving industrial hygiene, the installation of modemn ventilation equip-
ment in the vicinity of the autoclaves, substitution of hand.operated by semi-automat.
1¢ drving facilities, and avoidance of leakages suceeeded in reducing the ambient con.
centrations of VOM to below 0.05 me/litre (= 20 2pm), but toxic angioneuross still
snntinued to be diagnesed. This led the authors to recommend that the maximum per-
mutted concentration of VCM should be reconsidered. )
In 2 plant producing VCM, Filarors et 3l. (1958) found lower concentrations in
the range of 0.04—1.1 mg/litre (16=430 ppm), with maximum values of about 1200
pPm (2.93 mgAicre), the Latter havirz been observed in close proxinuty to the rectf-
ication apparatuses and having resuli.. from spillage during sample collecuon. It is
remarkable that up to now the Soviet Union has reported no cases of angiosarcoma of
the liver, although produsuon of PVC retins started eardy and VM exposures in the
past have probably been in the same range as those observed in Westem councries.
8yrén et al, (1976) pointed out thar during the 1950s episodes of unconsciousness
which occurred among workers of the one Swedish plant operating at that time indi.
cated peak exposures of at least 10 00015 000 ppm. Suciu et al. (1975) noted that
between 1962 and 1972 a reduction of the average VCM concentration in the two
Rumanian PVC plants had been achieved from 2298 mg/m? (» 900 ppm) in 1962 to
about 120 mg/m? (= 50 ppm) in 19651972, In 1969, Angl:elescu ¢t 3l. mesdoned
exposures to VOM conentrations of 112-548 mg/m? (44~213 ppm) for a group of
300 Rumanizn workers, eight of whom (2.772) had Raynaud's phenomenon. At a
Greek plant which started operation in 1967, certain stages in the production process
resuited in high concentrations of VCM in the work environment for brief pesiods
(Gitsios 1971). In air displaced from resctors during addition of water and on opening
of the reactors 1o obtain PVC sampies at tiwe end of 3 reaction cycle, concentrations of
up to 10 000 ppm were found. In open waste drums into which waste polymer scraped
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than 30 ppm: (b) medium = 50-200 ppm:1¢) lugh » 200 prm 2nd above {up to 1500
Ppm). In the past, however, esumates of éxposure concentrations were based in most
slants not on continuous monitonng Juring the entire work shift but ar hest on sput
sanples not aezessanly representative of the ditfetent phases ot a qiven operanon.
Estimates of past exposure leveis such as those represented in Tabis 3 are, therziore.
mors of less compectural, It can be assumed that considerable deviations from these
average values have oczurred all too often in the past.

Table 5. Average concentrations of VOM in the working
atmosphere of PVC-producing plancs?. « Estimated by
Chiemucal Indusiries Association Lid.)

1945 -19¢% ~ 1000 ppm
1958 ~ 1940 ~.400-500 ppin
1900-1970 ' ~. 200-400 ppm
mid-{973 ~150 ppm
1974 © o~ 50ppm and less
1975 ~ Sppm

1 According ro Fleig and Thiess 1973, Bames 1976

Equipment for optimal continuous multipoint monitoring of exposure concentra-
tions in the working areas should meet certain basic requirements: (1) For stanonary
equipment strategically piaced sample probes should yield dats representative of indi.
vidual exposurm levels in the breathing zone of workers, preferably to be used in com.
bination with personal samplens. (2) Analysing methods should have 3 high selectiniey.
{3) The limit of detection should be 3¢ Ieast one order of magnitude below the current.
ly specified standard regulating the permisxible upper level of exposyre. (4) Measure-
ment should be instantaneous (within seconds) to guarantes rapid detecuon of critical
pesk concentrations. (§) Reconding and dara processing techniques should be provided
for the daily estimation of TWA exposuse during the whole work shift.

Currendy available methods for the determination of ambient VOM concentration
comprise such analyticat tools as longpath infrared spectzophotometry, flame 1oniza.
tion detection, gas chromatography, mass spectrormaetry, combustion<onductivity
(‘ionotlux?), and personal samplers in combination with gas chromatography, aone of
which can at present be conndered as sbsolutsly satisfactory for all individual plant
conditions because they all differ with regard to selectivity. limit of detection and time
lag of responsa.

A catalogus of the mathodologies that have proved to be of valus in the contral of

industrial hygiene and personnel protection regarding exposure to VCM was compiled
in 1975 by Rowe.

22.10 Exposure 1o VCM in PVC-Procassing (-Fabricating) Plass

Raw PVC powder ready for compounding and fabricating purposes contains residual
unreacied vinyl chioride monomer in varying amounts. {n the past, monomer content
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wus reported to have been as high as 6000~-7000 ppm (w/w) in some types of raw
PVC. but a level of 500-1000 ppm probably was 3 more representative range
(Schwerrzer 1975: VKE 1974 Karstcdt 1976). The monomer slowly escapes 1nto the
environment exponenually with time. Jepending on length of storage period. tempera.
ture, size and porosity of parucles and other physical properties of the poiymer and,
more recently, on the effectivity of special degassing techniques (Piver 1976: Schut:
and Wolf 1977). In 1975, the Association o 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 special degassing technologes { VKE
1975). Analyses of the types of raw PVC, chiefly suspension polymer. which are now
used in German plants showed that in most products the conteat of unreacted mono-
mer was now less than 20 ppm but in some foreign products it still ranged between
150 and 250 ppm: it also tumned out that there may be considerable variation between
different batches of the same product 1Sc/iiirs and Wolf 1977),

Culd and particularly hot mixing or compounding of PVC, 2 procedure whuch usu-
ally precedes {abricating processes, favours the escape of unreacted monomer and,
therefore, requires spectal ventilation equipment. Depending on the content of residual
monomer. considerable amounts of VC)M could be set free during the mixing process,
as was shown by 8ruder and Straby (1975). Apant from hot compounding, other thet-
moplastic operations, such as extruding, calendenng and welding of tiles. also resulted
in release of unreacted monomer into the work environment. Although recently con-
ducted measurements of the concentration of VCM in working areas of six German
PVC fabricaung piants have shown that in 90% of the readings mean levels integrated
over |4 periods now range below 0.1 ppm, numerous short bursts with excursions up
to 60 ppm during a2 workshift were recorded in one instance (Schitz and IWolf 1977).
Simiiarly low concentrations of VCM in breathing zone samples (maxumum: 12 ppm)
with 6077 uf the values ranging below | ppm had been found in 1974 in nine United
States fabricating plants, but source sainples had ranged up to 330- 540 ppm (Rarsredr
1976).

These present results, however, do not permit any conclusions s to past leveis of
atmosphenc VCM during the years when residual monomer content of PVC resins was
high and venulation insufficient, paruculady in compounding and extruding units.
Whatever the extent of the risk might have been in the past. it can be sately assumed
that the ambient monomer concentrations in fabricating plants have always been con-
siderably lower than in PVC-producing plants.

When it was suspected that certain VCM-related svmptoms might also have atflict.
td PVC process workers, this problem was investigated by our group. Although no
cases of acroosteolysis, pseudoscleroderma or angiosarcoma of the liver were observed,
evidence was presented which demonstrated that minor and incunspicuous lesions such
as mild hepatic fibrosis, bromsulphalein (BSP) retention, thrombocytopenia and shight
enlargement of the spleen could be found in 28 process workers who had been em.
ployed for years in compounding and fabricating units (Lasege et al. 1975, 1976a:
Wegman 1975 Marsteller et al. 1976). In principle. these lesions were identical with
those seen atter heavy exposure as we will describe, but the degree of Jaunage attribut.
able 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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conspicuous character of tiwse lesions agress well with the assumpuon o' S dose-re-
sponse relauonship of VCM-refated disorders and the alterations may seem to be,
yuanntatively, of little importance. they should not be nuninuzed. Neverthieless. an
sbservation perisd up to the present o atmost 7 years did aot reveal 3y spontanecus
progeession. In 3 proporiional mortality study for 1970~1972 among roughly 35 000
male PVC fabrication workers in Eagland and Wales, Baxter and Fox (1976) did not
find an excess of angiosarcoma or other liver diseases.

A recently completed cohont study o 4007 peopie who had been cmploved by
two German PVC-fabncating plants between 1934 and 1974 and of whumn 360 had
died revealed that overall mortality. although marginallv below that of the male popu.
lauon of the Federal Republic of Germany, was slightly elevated with respect to the
*healthy worker effect’. No angiosarcomas of the liver were observed and no excss in
overall cancer mortality was noved, but an excess mortality from braun tomours was
recorded in one of the two plants (Rewml et al. 1978).

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

Industnal hygenists have used several designauons for acceptable or permussibie limits
of exposure to chemicals a1 the work place, such as ‘maximum allowable concentra-
tion’ or ‘maxirum acceptable concentrauon’ (MAC). ‘threshold limit vaiue’ (TLV),
Yinduttaal hivgiene standard® in the United States and a3 ‘Maximale Arbutsplatzikon-
zentratton’ (MAK) in West Germany. These empirical standards were defined by the
Amencan Standards Association as setting 3 limiting concentrauon “for exposures not
exceeding 8 hours daily during a 40-hour work week with the understanding that vana-
tions should fluctuate below this value™ (fris/t 1963). An extensive discussion of the
baste appraach to tie principles used in setting environmental quality standards for o¢-
cupational respiratn exposure 10 toxic agents can be found in the papet of Zietuis
(1974). In thss pap-*. the copceptual differences between threshold Limut values as
used in the United States and maximum allowable concentrations as used in the USSR
are summarized and the differencaes in approach and emphasis, which may explain past
discrepancies Hetweer permissible limits, are elucidated. For details the reader is refer.
red ro thus paper.

The standard is #or an index of relative toxicity, far less of hazard, and certamly
not 3 sort of "average’. A standard set s the ceiling level implies that any fluctuations
should be around 3 median of perhaps half the standard and that it should be compe.
tenty used in full awareness of its physiological basis and the limitations of currendy
svalatle knowledge (Jrish 1563). The standard will be subject to revision 2s soon as
new information is available. An exsential element of the annually published German
list of MAK values (MAK-Werte) is its preamble, which exhaustively defines the
various modalities for the interpretation of such standards (Henschler 1972/73). The
so<ialled TWA, an integration over time of {Juctuating concentrations, will be 3 useful
tool for estimaring the probability of injury only if it :¥presents a comprehensive anal-

ysis of the normal iluctuation befow the standard.

* In the Federal Republic of Germany the standard for VOM (MAK) was set at $00
ppm in 1966. The German Sundards Advisory Committes reduced this to 100 ppm

O L
e g
e




18 - W.K. Leibach and H.J. Marsteller Vinyl Chl:
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. 5 in 1970 in conformity with the proposal of Tarkelson et al. (1961), which was based - Tables. T
';_-_-.?_; on the results of their animal expenments. In June 1974, when the carcinogenic prop-
, R erties of VCM had been well established. the MAK regulation for this chemical was re- Country
¥ m‘.;;'h pealed and instead a preliminary technical guideline (Technische Richtkqnzamrmon)
tz o of 50 ppm was insututed (VKE 1975). The Chemical Industries” Liability Insurance Belgum
Fagtvie e Association { Berufsgenossenschaft der Chemischen Industrie) also issued instructions Canada
: "'i for the prevention of health hazacds arising fromt handling of VOM in July 1974, As Fi
v R of July 1975, a technical guideline (TRK = Technische Richtkonzentration) of 5 ppm. inland
3 35TeN defined as annual mean, for PVC-producing and -fabricating plants was insututed, per- France
Erruiyat mitting excursions up to |5 ppm during periods of not more than ! h. In order to German D:
v _':5_- adapt operating plants, a provisional regulation was issued with reduction of the an- Republic .
'ﬁ,‘g&ig nual mean concentration to 20 ppm as of July 1975, and to 10 ppm as of July 1976 lran
e : and peak concentrations over 1-h periods not exceeding 60 or 30 ppm, respectively Italy
- b' 3- (Veltman and Lange 19773). The technical guideline (TRK value) was revised in 1977
Bl (2 ppm annual mean/$ ppm per 1 h). Japan
A In the United States the threshold limit value for VCM was originally set at 500

oo ,?&: ppm in 1947, It was reduced to SO ppm 1n Apnl 1974 as a temporary emergency stan.

bty Jard and finally reduced to | ppm/8 h in 1976. Haley (1975) summanzed the conilict. Netherlanc
_;-, % ing views on vinyl chloride regulations proposed by Government and industry in 1974, Rumania

R WRtH Table 6 shows threshold limit values in a number of PVC-producing countnes.

': “‘%‘5 Sweden

= B i 22.12 Exposure to VCM Outside the Working Area Switzerlan
B Y & '

".; X gg The Environmental Protection Agency estimated that PVC-producing plants in the United K

A United States discharged about 90 million kg VCM annually into the environment

R 4 (475—87 losses), most of it as air emissions and lesser quantities dissoived in water
L, o> G effluent streams and entrapped in sludge and solid wastes (Sc/nveitzer 1975). Ina usa
st pioneer study, concentrations of 12 ppm VCM were found in the ambient air near
) ,_i.:z such a plant (TARC 1974), 2-3 ppm in the primary water effluent and 100-200 ppm

X F'n{ﬂ:: in the sludge at the plant site, but sampling and analysis methods used were later
£y 4;-;: found to have been inadequate so no conclusions were drawn from these figuces since
t TR Y they could have been in error by as much as one order of magnitude (Sc/nveirzcr
o \_:.—‘_:?,3 1975). For people who live within § miles of monomer and polymer production facil-

y *}'—;1;0 ities in the United States an average exposure of 17 ppb during the years of uncontsol- USSR

e b led emissions was caleulated (Vicholson 1977).
= et In the past VCM has been widely used as an aerosol propeilant, either alone or mix-

- f;‘:\ ed with fluorocarbons, hydrocarbons and inert organic gases. in household and cosmet-

: ‘?,3:_:; 3 ic products (hair sprays, deodorants. pesticides, room disinfectancs, pant sprays,

; 'e "'i fumiture polish and window cleaners). In Germany, VCM was proposed as propellant F R
%71_';_.7__.« : for aerosols in 1958 (Ostermay-cr 1967), in Japan it has been used 35 a propeliant since é‘::;'. n €
i r": Y 1958, in the United States this use was probably introduced after 1962 (Scinveit=er y
&8 ft.'r" 1975). Asan acrosol propellant, VCM has been a possible source of exposure for the
A “n;!:»:};: ¥ public at targe, particulady foe women, the extent and the potential health impliea-

Tavlu Lt tions of which are unknown. Use of aerosol producrs tn confined spaces has been re-
ASTxk ported to result in air concentrations of VCM of up o 400 ppm in closed rooms,
i o even after only short bursts (30 5) (Gay et al. 1975), which could persist for several Sources: S»

e 73;IARCR

= 1977; Schu)
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Tabie 6. Threshold limit vatues t TLVY 1n vanous countries

Countrv Year TLV Comment
‘ppm)
Belgrum 1o7s 3850 TWALS h/lf mins
Canada 1978 10/28 TWA (S h/15 min)
Finland 19758 §40 TWAS 013 mumy
France 1975 25 TWA 8 n)
German Democraitic = 200 MAC (Scaorrek 1969)
Republc (DDR) 1976 212 (Kongrzke etal. 1978)
fran 1976 25/50 TWA (8 h/] h)
fualy 1978 50 TWA (8 h)
(furuse) (25/50) (TWA S h/15 min)
Japan 1970 500 MAC
1973 200 MAC
1975 210 (25 my/m?)
Netheriands 1978 10 TWA(SM
Rumania - 100 mg; m? MAC (Prodan et al. 1975)
(40 ppm)
Sweden 1975 5720 TWA (8 /15 aun)
1976 18 TWA (8 1/} 5 min)
Swizeriand 1978 100 MAC
(future) 10 TWA (3 1)
United Kingdom 1978 25/30 TWA (8 %/15 min)
October
1978 10/30 TWA (personal/eeiling)
usa 1947 $00 MAC (Amer. Con{. Governm.
Industr, Hvgenuis)
April 50 TWA (& h). temporary emergen-
1974 ¢y standard 1OSHA)
October 24 TWA (8 h). temporanly permit-
1974 ted exposure
1976 s TVWA (B h IS min)
- USSR - 1 mg/litre MAC, provisional criling concen-
(391 ppmu) trauon: State Sanitary [nspec.
torate, [957 (Filatorg and
Gronsbery 1957)
- 30 mg/m? MAC (Schortek 1969: Ketiner
(12 ppm) 1975) (Sanitaraye normy)
Federal Republicof 1946 500 MAK
Germany 1970 100 MaAK
June L[] TRK (preliminary technical
1974 guideline). Annuiment of
MARK reguiation.
1978 s/1s TRX (annual mean/] h)
1977 =5 TRK {2nnual mean/l k)

Souries: Smyth 1956; Filgrove and Gronsoery 1957; Schortek 1969: Henschier 1972/
73:1ARC Resort 1974 Hatey 1975 Sakabe
1977, Schitz and Wolf 1977; MAK -Werte

1975: Prodan ¢t al. 1975 Aryenpur
Liste {977: Kertner 1978
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hours alter repeated spraying in smalicesized rooms (IARC 1974), Haley (1975) pre-
sented 2 list of pesticide products containing VOM as a propellant and registered for
indoor use, wluch were banned in 1974 by the Food and Drug Admunistration. tn
Japan. the monoimer was also banned as a propeilant in 1974 (JAMA 1974, 229:835).
There is 3 case on record of 3 worker who dicd from noneirrhotic portal hypertension
and anposarcoma of the liver after 14 yeurs” emplovment at a chemical plant in south.
e Germany where he had been engaged in loading such pesticide cans (Rvin! and
Webor 1974), The report of 3 female office worker suffering {rom typieal Raynaud’s
phenomenon, pseudoscleroderma. acroosteolysis and mandibular osteolysis who never
had occupauonal contact with VOM (Meyerson and Meier 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 from frequent
users of pressurized spray cans who had no respiratory symptoms were found to con-
tain 3 significant excess of moderate and marked atypical metaplastic bronchial cells
compared with two groups of controls (Guod et al. 1975).

PVC bottles. films and foils have been used for many years for packaging food and
beverages (cooking oil. margarine, meat, muneral water. fruit squashes and other soft
dnnks, hard Liquor ete.). The content of residual VCM in PVC bottles was found to
have ranged formerly betwesn § and 400 ppm (w/w), and in PVC foils up to 800 ppm
(van Escii and van Logren 1975). The problem of migration of unreacted VCM from
the PY'C contawners into the foodstuffs became recognized in 1973. Reports of un.
pleasant tastes in Amesican brands of vodka and whisky which had been stored in PVC
botties led to the discovery that VCM had leaked into the liquors; in some sumples
levels up to 10-20 ppm (w/w) were found (ven Esch and van Logren 1975: Duvics and
Perry 1975). Data available in 1974 to a group of WHO experts revealed that samples
of gin and whisky had contained 0.57 and 0.62 ppm (w/w) of VCM respectively, atter
storage 1n miniature PVC bottles for periods up to 3 years; VCM coneentrations in
orange squash and cooking oil were found to be in the range of 0.01 =0.08 ppm and
0.01-0.04 ppm. respectively (IARC 1974). Levels of 0-0.4 ppm found in British
PVC.bottled liquids were mentioned by Davies and Pe.m* (1975): in their own analyses
of samples of PVC-bottled spirits supplied by British Airways they found concentra-
tions of 00.25 ppm (w/w), Methods were developed for the deteztion of VCM in
liquids with 2 maximum sensitivity down to the 1 ppb level (van Liermp and Stek 1976
Drespman and McFarren 1977). It was tentatively estimated that even dyring 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 {rom this source could
have been in the order of 0.1 mg/person (IARC 1974). Sclarter (1976) calculated
that today 1t would be less than 0.01 mg/person (equalling 250 mg during 3 whole
life titne); in comparison, he calculated that the inhalational intake of VCM in Jdiseased
waorkers who had been exposed to concentrations of 500-1000 ppm during a period
of 10=20 years would have amounted to at leass 25 kg. The Association of the
German Plastics [ndustry expects that the use of technology available at present for
the production of PYC food-packaging matetials decreases the VCM content of food-
stuffs to below 50 ug/kg (50 ppb) even after prolonged storage (VKE 1975). Resuits
of carcinogenicity assays in experitnental animals after oral administration of VOM
are discussed in Sect_ 3.3,
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! plant i south. Dunng the rirst three Jecades of PVC producuon. animal sxpanments were linuted 1o
{Reo and the assessraent of the acute inhalational roucity of VOM .n short-tenn exposures to
=3l Raynaud’s concextratons varving oetween 50 000 and 200 000 pem (Fuces et ai. 1950 Peoples
-lvsis who never and Lewke 1933 Sciaumann 1934, 1938: Orrer ec al. 1927, Carm et al. 1949 Mastro-
o make one marren et al. 1960: Lesrer et al, 1963). In nuce. rats, guinea-pigs, rabbits and dogs
. cans (8rbord anaesthesia. deep narcoss, cardiac arthythmas and lethal eifests were observed withuin
§ trom frequent this range ol exposure but no relevant organ pathology was nuted excepr for conges.
found ta con- uve and haemorrhame changss in fungs. liver and kidnev< on fatal outcome. Asute
“ronechial cells : hepatocaitular inpary was lacer found only in animals pretreated with potent enzyme-
inducing substances (ses Sect. 34.2.2).
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Torkeison ev al, (1961) were the first to desenibe results of experiments with prolonged
exXposure to concenuauons ranging from 50 1o SO0 ppm, 7 h/day. § days/week, for
4.5 =6 months. All species tolerated exposure tg 50 ppm for 6 months: 100 ppm,
however, caused an increase in liver waight and 200500 ppm caused. in 2ddition,
histological changes in the liver and kidneys of ratx and rabbits, but not in guines-

pias and Jogs. An increase in liver we:ght and decrease in spleen wesght was also seen
i rats cxposed to 20 000 ppm, 8 h/day, § days/week, for 3 months by Leser et al.

nsn (1963): no histological lesions were found after 3 months. Soviet investigators at the
o e Gor'kij Instirute were munly interested in neuroendoctine changes after prolonged
‘u Brinsh exposure of experimental animals to vasious concentrations of VCM. Cardiac arryth-
-+ own anal; ef mias. bradyoardia, changes in phonocardiogram in rats exposed to 13-20 ppm (0.03~
1 cuncenig. 0.05 mg/litre) for § months were reported (3’222 and Plokhava 1969b) as well as in-
fVCMin - ereased secretion of catecholamunes in rabbis and changes in the biopotential of the 3
d Stek 1976: posterior hypothalamus (Vazmr and Plokfiove 19693). After 3 § S4nonth exposure to 7
g the yeas 3500000 zpm (910 my/litre) changes in the bioelectric actvity (EEG recordings) gk
e sauree ul'; of the cortex and the anwenor and posterior hypothalamic nuclei in rabbits with con. s
"_‘""“ oo p comutant changes in circulatory funcrions were seen (Vacin and Plokliove 19683), Ex- =
_""“:::‘ posure of raws and rabbits to 0.03-0.04 mg/litre (1216 ppm) for 6 months produced
Z\: in diseased resorprive bone changes and osteoporosis in addition to cardiovaszular and central
. iod netvous system dvsfunction (Basalaer et ab. 1972). In 1969 Schorrek summarized
':"J:m available evidence for VCM toxicity and warned urgently that chronic exposure to
¢ " VCM should be suspected of causing texic liver damage. He moved that the currently
present for statutory maximal allowsble concentration of 200 ppm (MAC value, Cerman Demo-
tentoffood- . cratic Republic) should be lowsred. . Pk
7S). Results Of paricular importancs as pionesr work were Vinla's experiments (19703, b: O
» of VCM Viok et al. 1971) with exposure of rats to 30 000 ppm, 4 h/day, § Jays/week, for a a
full year. it was only after this length of exposure that histopathologeat examination i‘ &
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22 . W.K. Letbach and H.J. Marstetler
revealed lesions similar to human acroosteolysis and also similar 1o the type of non-
tumorous liver diseases which we observed in PVC workers 3 years later (Marsreller et
al. 1973). Vioks described lesions of the skin, the small arterial vessels, the connective
tissue and elastic reticulum of the paws, and periosteal proiiferanon with chondrond
ruetaplasis of metatarsal bones. Fibrosis of small peripheral nerves and degenerauve
changes of the grey and white matter of the brain were prominent, whereas the kid-
neys were not markedly affected. The liver showed pronounced Jegenerative Iesions
with parenchymal necross, cytoplasmic and nuclear polymorphism, abnormal prolier.
ation of hypertrophic Kupffer cells and intense fibrosclerotic reactions.

33 Oncogenic Properties

The earliest documentation of the carcinogenic acuon of VCM was Viola's preliminary
repont 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-
motd carcinoma, mostly in the parzauricular region; 6 also developed adenocarcinoma
of the lungs and § osteochondroma of metacarpal and metatarsal regions of all 4 limbs
(Viola et al. 1971 ; Viols 1974). Meltoni and Lefemine (1975) later interpreted these
paraauricular tumours as arising from the sebaceous glands of the extenor acoustic
duct, also known as Zymbal's glands, the cell matrix of which seems to be the target tis-
sue of 3 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 rats dosed orally with [**CHabelled VCM revealed 3 discrete localization of
'“C in the paraauricular region (Zymbal gland?) and in the region of salivary glands
and Harder's glands (Green and Hat/iway 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 tissue speaific effects.

At the end of 1970 Maltoni and his group, with the suppor of Italian, British,
Belgian and French chemical companies, started to pla and subsequently execute a
largescale carciogenicity bioassay designed to study the effects of chronic exposure
10 VCM in reiation to various experimental factors such as route of administration,
dose level, length of treatment, and species, strain, sex and age of animals (Malroni
1973, 1977 Maitoni and Lefernine 1974a, b, 1975 ; Maltoni et al. 19743, 1975). Con-
centrations used in the inhalation experiments were 30 000, 10 000, 6000, 2500, 500,
250 and 50 ppm, with length of exposure ranging up to 52 weeks and observation peri-
ods up to 143 weeks. Apart from the induction of Zymbal gland carcinoma other ma-
lignancies developed, notably angiosarcoma of the Liver but also extrahepatic angio-
sdrcomas, nephroblastomas, pulmonary tumours and mammary carcinoms, as well as
a number of single tumours of other target tissues. Different types of tumours were
found to coexist in the same animal. On oral administration of VCM dissolved in olive
oil (5 days/week) angiosarcoma of the liver was found after 50 weeks in two animals
of the two groups of 30 Sprague-Dawley rats each of which had been treated with the
highest dases of 50 and 16.65 mg/kg body wt. (Malroni et al. 1975), Maltoni (1977)
succeeded in demonstrating that the route of admimistration of this ciearly multipo.
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Vine | Chlonde-Associated Disease . -

tential carcinogen may signiticantly vary the typ: of neoplastic response. In a subacute
study of oral VCM wxiaity. lasting only 13 wieks. in whieh rars were given VOM Jdis-
solived in sova bean od by gavage in daily doses of 30. 100 and 300 me/kg body wt.,
6 davs wesk, Foron ¢: al. (1975) found a sigmuticant increzse in liver-to-body weigiit
r2tio only at the highest Jose level. This was :nteroreted 15 2 merely nonspecific reac-
uon not cecassinly indizative of a toxic response. Based on these resuits, Feron et al,
placzd the ol no-toxyc2ffect level 3t 30 mg VCMrkz hody wt./day and suggested that
the no-toxic-crfect level may actually be 2ven hizher, Zymbal gland zarsinoma. hepauc
angiosarcomas anJd nepnroblastomas had never occurred spontaneously tn the breed of
Sprague-Dawley rats used a1 the Bologna Insttute. The neoplasuc response to VCM
proved 10 have a direst Juse-ume relationship. Even [evels of $Q ppm were carcino-
geruc in rars and rmuce. Later Mafroni (1977) found exzosure to 25 ppm VCM also to
be carcinogenic in rats. whereas no earcmnogeaic effect was observed 3t lower levels of
10. 5 and | ppm in a study which, however, is still incomnplete (quoted from Gremre
1979). Another American srudy designed to complement . Maironr's results confirmed
the dose-related induction of liver angosarcoma and marmmary carcinoma in ouce at
exposure levels of 2300, 200 and 50 ppm (K'eplinger et al. 1975). On reexaminung
histological slides of his past experimencs, Viok later also detected argiosarcomas of
th# liver and other malignancies of skin, lung and intesune in his rats: he also reported
the induction of skin scanthomas and pulmenary sdenocarcinomas ir: rabbits after ex.
posure to 10 000 pom VCM, 4 h/day, § days/week, for at Jeast 1 § months (Malton: et
al. 1974b: [ARC 1974). Maltoni and Lefemine (1975) considered the effect of VCM on
endothelial tizsue to be 3 systemuc one since they found dilatation of blood spaces, hy-
perplasia and arypia of endothelial cells also in organs and tissues other than the liver,
even in the absence of angiossrcomas or benign angiomas. Evidence of hepatic fibrosis
wis scanty and inconstant w cheir aumals and was more likely to oczur at the lower
doses. In the spicen of treated rars and mice fibroangioblastic proliferation undergoing
fibrosis wa frequendy observed. No acroosteolytic lesions were found, but 3 few cases
of oaifying angosarcoma were observed. A potential transplacental carcinogeuc ef.
fect wag suggested in 197§ by the development of subcutaneous anposarcomas in the
offspring or breeding snimals exposed for 7 day's during pregnancy (Maftons and Lefe-
mune 1975), Later, Maitoni (1976) detected angiosarcoma in the offspring of rats ex»
posed 1o VCM during the period between the 1 2th and 18th day of pregnancy (quot-
ed from Griciuze 1979). Hepatocetlular carcinoma was not found in adult snimals but
it was seent 10 develop readily in newbom animals, possibly in connection with the im-
marurity of their bioactivation pathways (Maitoni 1977, Expesure of newborn rats
10 2000 ppm VCM, 8 h/day, § days/wesk, for at least 4 weeks elicited prencoplastic
foa of hepatocellular ATPase dericiency, notably in female animals (Laid et al. 1979).
Holmberg et al. (1976) exposed mics to 50 and 500 ppm VCM, § h/day, 5 days/
week, for 52 and 2§ weeks respectively. They did not observe hepatic fibrosis or
splean changes, but multipls benign aleclogenic adenomas developed in 18 of 24 anie
mals exposed to 50 ppm and in ail 24 animals exposed to 500 ppm’ . In addition. sub-
cutsneous and/or subperitoneal haemangiosarcorna developed in 14 animals of the 50-
pem group and in 8 of the $00-ppm group. Only ona haemangiosarcoma of the liver

| Sew alsn Winell et al. (1976)
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bt WK Lethach and H.J Marsteifer

was found 1n an anunal exposed to 500 ppm. A {ew mammary adenocarcinomas, one
rhabdomyosarcoma and one renal haemangiosdrcoma were 3150 seen. From their ex-
periments Holmberg et al. concluded that 3 lower exposure over a longer period may
intensify the cancerogenic response and that an inverted refationship hetw cen dose
level and latency time seems to exist in the case of VCM. as had already been observed
with other carcinogens. Recently the results of stll another animal experiment with
exposure of Wistar rats to 5000 ppm. 7 h/day. 5 daysiweek. tor 32 months was pub-
lished by Feron et al. (19793, b, Feron and Aroes 1979) in an eventually frintless at.
tempt to elaborate suitable parameters for early detection of VCM-disease in man. Ear-
ly effects were a shortenung of blood clotting ume and the occurrence of swollen and
malformed hepatocytic mitochondra. At a later stage progessive tubufonephrotic
changes in the kudneys, foci of celular alterations in the liver with reduced glucose-6-
phosphatase activity in hepatocytes. strong sinusordal 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 dilatauon of sinus-
oids and proliferation of normal and atypical sinusoidal cells, multicentric hepatic an-
posarcoms and Zymbal gland carcinoma occurred. Feron et al. (1979b) also observed
hepatocellular carcinoma in three animals. Surprisingly. the induction of very malig-
nant metastasizing car¢inomas of the nasal cavity originating from the olfactory epi-
thelium and Bowman's gland was noted, which had not been reponed before in con-
nection with VCM. Marked hepatic fibrosis was only seen within fully developed an.
giosarcoma of as 3 reaction 10 extensive necrosis of the hepatic parenchyma. The in-
vestigators were of the opinion that hepatic parenchymai changes preceded those of
the hepatic stroma, but they stressed the fact that the true relationship betveen VCM.
induced alterations of hepatocytes and sinusoidal cells has yet to be elucidated.

34 Toxicodynamics

Priar to 1974 very little ir.furmation was available about the fate and the toxicody-
namics of VCM in the mammalian organism, but the discovery of VCM-induced ango-
nrcoma 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 puimonary toute is the main excretory
route of nonmetabolized VCM (Green and Hariway 1975). Blocking of nonprotein
sulphydryl groups in the blood of vinyl chioride operatives, less pronounced after dis-
continuous contact, was observed as early as 1964 by Gador et al. and indicatzd deple.
tion of the glutathione pool, which has since also been found in exposed rats (Hesner
et al. 1975a). Hepatic glutathione plays a fundamental role in protecting tissues agaifist
attack by alkylating agents. The appearance of monochloroaceuc acid in the urine of
workers exposed to VCM was reported in 1966 by Grigorescu and Toba, indicating
that a polar excretable metabolite of VCM had been formed (Vainio 1978).

Toxicodynamic studies have revealed that VCW per se is ncr the ultimate toxin or
carcinogenic. It is the process of biotransformation (metabolic activation) of VCM,
primarily by hepatic microsornal enzymes (mixed function oxidases) that yields short-
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Yived but highly reacire gtk yviatmg mrermediares wiieh are responsible tor the toaie,
muzagenic and oncogenic etfests. VOM 15 metabolized rapidly to polar nonvolatile ¢x.
cretable produsts (Hesirer et 2l 19752 van Duwrent 1975 Radwan and Henschier
1975), The toxicity of VOM seems to 2 largaly Jetzrmined by the rauo of the rely.
tve velositizs of both biotransfarmaiion of the compound ana protective detox:fica.
tion of its reactive intermediates (/lunschler 1977a), The capacity for metabolie o
natton of VCM m rats 15 satyrable at an aunmoschene concantration of 200-2350 pornt,
so :hat above this concentration VOM is metabolized at a consiant maxumal veloeny
following a zero-order kinetic, whersas heluw 200-250 ppm it 15 metabolized tn ac-
cordance with first-order rate kinetics (Hefier er al. 19752: Bolr er al. 1977),

341 Uptake and Distribuuon

PMulmonary uptake of VCM from the atmosphese depends on the rate of jts metabolism
in the aumal’s organism. The atmospheric concentration of the compound equiiibrates
with the pool of unmetabolized VCM distnbuted in the animal’s tissues, as has been
shown by complete inhibition of mucrosomal oxdanve metabolism (Boir et al. 19772).
8oi: et al. (1977a) also concluded that lipids of 1= 23rotewns, rather than protains such
as alburmin, are the vehicles that transport VCM .z :he blood and from which the com.
pound goes into the adipose tissue of is taken up by the liver for metabolic conversion.
After oral ingestion and absorption from the gastromtesunal tract, a “first pass effect’
has 10 be considered, but an increxsingly substanuai percentage of unmetabolized VCM
is excreted via the lungs in direct relauon to the dose admunistered (Waranade et al,
1976x). This confirms the finding that VCM metabolism is a dow-dependent and satur.
able process. Pulmonary elimination of over 927 wathin 4 h of a dose of 300 my. kg
body wr. sdminstered orally to rats was also reported by Feron ¢t al.(1975) in anin.
vesugauon of thz subacute toxicity of VCM incorporated in soya beanoil and fed by
gavage in doses of 30, 100 and 300 my kg daily, 6 dayy/week. for 15 weeks. They
found a significant increase in liver4o-body weight ratio and hypertrophy of the endo-
plasmic reticulum of hepatog/tes as indications of a toxic effect at the highest dose
but only minimal histological changes in the liver. In 3 second experiment, they fed
rats on a digt containing PVC powder with 3 high monomar content and observed thar
amost all the VCM was releasad from the PVC powder during passage through the in-
testnal tract, but only about 10 mg VOM/kg body wt. per day could be sdministered
in this way.

Percutaneous absorption was studied by Hefier et al. (1975b) in rmale Rhesus mon.
keys following wholebody exposure (head excluded) to ¢oncentrations of 7000 and
800 ppm of ' *Ciabelied VCM for 2~2.5 h. The quantity absorbed via the intact skin
was aegligible (0.027-0.03%) and men of it was expired.

Studies of the distribution of [1.2-'*CJ{abelled VCM in the body cleady revealed
that the liver (predominant site of metabolism) and the kidneys (site of excretion of
polar metabolites) contain the highest concentrations of ' € actinty, followed by
spleen, lungs and small intestine (Warenzbe et al. 1976¢; Bolt et al. 1976a, b). Liver,
kidneys. spicen, lung and smuall intestinz (in this or¢er) also contain the largest 3mounts
of inneversibly protein-bound metabolites (Bolf et al. 1976a). Only minor amounts of
irreverzibly bound metabolites of VCM were found in muscle, adipose tissue and brain.
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??i 26 W.K. Lelbach and H.J. Marsteller Vinyt Chlor:
. ;"t
y -{ Total radioactivity 43 h after 3 single exposure decreased considerably in these organs, microsomal |
: - in accordance with the relatively rapid metabolization of VCM and excretion of its ly highly rea.
L g polar metabolites. [n contrast, the amount of irreversibly protein-bound radioactivity via the forma
-’R‘i Y remained constant during this time. Buchrer et al. (1977) also showed that unmetab- bon monoxs-'
”"" olized VCM possesses a great affinity for adipose tissue, in contrast to its metabolites, pmgiable rol.
SNy which are concentrated primanly in liver and kidneys. I VIO an an
= ; systems and ;
i 3 34.2 Metabolism 1776 The .
e 3.4.2.] Relation between Chemical Structure, Reactivity and Mutageme or
" - _§ Carcinogenic Effect
) -3
P V&" Before discussing the metabolic pathways of VCM (monochloroethylene) and its pre-
Rt 2 W sumptve toxic intermediates two features ol the chemical structure of this compound
: should be menuoned. Vinyl chlonde 1s a monohalogenared ethylene and its chlorine
{‘ﬁ; substitution is asymmenic. Chlorination of alkenes (olefinic compounds), in general,
*y 'ﬁf tends to stabilize the double bond by exerting an electron withdrawal effect on the
Koo carbon atom involved. Thus, the chemical reactvity of alkenes decreases with increas.
b X & ing degree of chlorine substitution, as was shown 1n 1968 by Willigmson and Cretanovic o
” .',5 for reaction rates with ozone, Vinyl chloride, as a monohalogenated alkene, is the least . >c.(~f" -
: ,__d: stable compound with the highest reaction rate in the senes of chlorinated ethylenes ; H R
X " : and ranks next to unsubstituted ethylene, . ey
e Lx Secondly, the first step in the oxidative metabolism of all chlorinated alkenes is a :
-~ &2 transformation to epoxides (oxiranes) which are shortdived. hughly reactive electro-
bl *?g philic intermediates (Bonse et al. 1975 Hensciiler 1977b). Such chlorinated epoxades
121 may react, by alkylation, with essenual cellular constituents, a mechanism wiuch
: E Rannug et al. (1974), Bartsch et al. (19754, b) and Malaveille et al. (1975) claimed to
E be responsible for the cascinogenic and mutagenic effects of VCM and vinylidene
ot chloride. Epoxides resulting from biotransformation of asymmerrically substituted
;%E ' ethylenes, such as VCM, vinvlidene chloride and trichioroethylene, seem to be particu.
e J&E larly unstable with increased electrophilicity and thus enhanced alkylating effect.
3 M Their mutagenicity and, inversely, the nonmutagenicity of oxiranes of symmetrically
RSN chiorinesubstituted ethvienes was indicated by the studies of Greim et al. (1975,
ey 197).
e .
4 "'-v;g . v
. EI‘,'% " 3.42.0 Mebolic Pathways Fig. 1. Metabe
-l
B :%, From 1974 onwards the fate of VCM has been studied extensively in vitro with rat
? _;,’5 liver microsomes in the presence of a NADPHgenetating system (Kappus et al. 1975, - matabolized t.
fori~ 1976; Barrsch e al. 1975b, 1976; Malaveille et al. 1975 Bolt et al, 1976a; Pessayre ! acetic acid are
LAl £ et al. 1979), with the aid of isolated perfused liver preparations (Radwan and Hensch- ] roethylene ox:
b ,% ler 1975, Bonse et al. 1975, Radwan 1977, Henschler 19773) and in vivo (Hefner et ai. , protein sulphy
ety & 19752 Watanabe et al. 19764, 1978a. b: Bolr et al. 19773, b) in both control animals ! way (1977). S
3 ",:j: f and animals pretreated with various types of enzyme-inducing and enzyme-inhibiting , (Norpoth et a2
B < substances. : S<arboxymet!
3 ¢! C Present biochemical knowledge strongly suggests that the first step of the predo- acid) (Henschi
' ,_'. B minant metabolic pathway is the oxidauon of the double-bond of VCM by the hepatic identified in ¢!
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rmucrosomal mixed-function oxadase svstem, formung cilomethylene oxide, 3 chenucal-

Iy highly reactive epoude (Fig. 1). A neghgibie amount of VOM can be metabolized
via the formation of peroxides. very unsrahle compounds decomposing rapidly to car-
ron monoxde. HC, and formaldehivde which, however, Jo not seem to play any ap-
arecigble role in the toxscsty of VOM (Aenscider 1977h). It has aiso been shown that
i vierd an arutical superoxide 1Q7) generaung system can replace rit liver mucrosomal
svitems and rrarsform VCM o the acuve intermadiate (Kappus et al. 1975 Bolr et al,
19%82) The spoxide rearrangss soontaneousty to shioroasetaldehy e, wiich is rapidly
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Fig. 1. Metabolic pathways. Adapted (rom Henschler {1977h)

metabolized 1o monochloroacetic acid. Bath chloroacetaldeshyde and monochioro.
acetic 2cid are aso mewabolites which are chemically rezctive but less porent than chlo-
roethylens oxide. All three intermediates can be detoxified by conjugation with non.
protein sulphydryl compounds (glutathione, cysteine) as described by Green and Hath-
way (1577). Sulphutcontaining excretabie metabolites such 33 Shydroxyethyleysteine
{Vorporh et al. 1976). Nacetyl-S{2 chioro)<thyl-cystcine (Green and Hathway 1975),
S<arboxymethylcyseine (Waranabde et al. 19762), and thiodiglyculic acid ( thiodiacetic
sad) (Hensciver 1977Ta: Muller et al. 1976, 1978 Miiller and Norputh 1975) have been
idenufied in the urine of exposed workers and animals. A progresvive depression of the
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level o hepatic nonproten sulphy dryl content has been observed in rats arter expo- exclude th
sure to'VCM in coneentrations from 150 tv 2000 ppm for 2—7 h. No Jepression was of cellular
seen after 10 ppm and a concentration of 50 ppm caused only an inconustent reduc- cluded as 1
tion (Waranabe et al. 1976b). Protein-bound hepatic sulphydrvl content remained above all. i
unaffected. Hepatic microsomal cytochrome P, 4o, the coenzyme of microsomal mono- This a».
oxigenases, also decreases linearly with time in animals exposcd to VOM (Rernokds et work will I
al. 1975b). This destruction of cytochrome P, 5o may prevent further metabolism and endoplasnt-
toxicity of VOM (Puessayre et al. 1979), tible 10 V('
Another mode of Jeactivation of the primary reactive intermediate. the epoxide, is phologicall
its transiormation to the inacuve dihydrodiol by the inducible microsomal enzyme mixed fun.
epoxide hydrase. lobular, mu.
The reactive metabolite of VCM, chluroethylene oxide, is 3 powerful alkylating found (Jae-
agent which covalently binds to various cetlular macromolecules, notably vital proteis 1978). Sect
and nucleic acids. By binding to cellular DNA and RNA or critical proteins the metab- endotheliai
olite may aiter vital functions and the genetic information of the cell and thus exert 1t At pres.
hepatotoxic, mutagenic and carcinogenic effect. Eventually, however, the only fraction cesses are ¢
of the formed epoxide that binds to macromolecules is the one that 1s not detoxified the hepatox
by protective scavengpng mechanisms such as conjugation with cytosolic glutathione or some metak
inactivation by epoxide hydrase. Simultaneous presence of other xenobiotics which (3) Mechan:
have to be detoxified will impair the effectiveness of the detoxification mechanisms. In ~ tissues othe
assessing the risk of exposure to VOM, Henscller (1977a) concluded that there mught rant cell rep
be a greater risk in intermittent peak exposures over brief periods than might be ex- 1978b).
pected from simple integration over time and that the chances for effecuve detoxufica- Anequa
tion are greater in long-term exposure to relatively low levels. nonneoplas:
It was shown by Watanabe et al. (1978a) that repeated exposures of tats to VCM Raynaud's r
do not appear 1o induce its biotransformation, but significanty augment the binding drome was
of the reactive metabolite with hepatic macromolecules and may thus enhanee the po- man. Beside:
tentlal toxicity of VCM. On single exposures of rats to ingreasing concentrations of liver lesion.
labelled VCM ranging from 1 ppm to 5000 ppm, the amount of radioactivity covalent- bioactivato:
ly bound to hepatic macromolecules did not increase proportionately to the increase portal fibr.-
in concentration but followed a sigmoid curve with low and high inflection points be. ment of the
low 50 ppm and above 250 ppm, respectively, when binding was plotted as 2 function a direct orir
of the log of the exposure concentration (Watanabe et al. 1978b). This correlates well tic nervous »
with Malroni™s report (1975) of a linear percentage induction of hepatic angiosarcoma lining cells o
in rats between 50 ppm and S00 ppm when expressed as the log of the exposure con- tion) or whe
centeation.
Metabolites of VCM can alkylate nucleic acids. a commonly accepted mechsnism
for carcinogenests. Covalent binding to the adenosine (Barbm et al. 1975; Lab and
Bolt 1977), cytidine (Laib and Bolr 1978), and guanine moiety of nucleic acids (Oster- 4 Clinical
mann-Golkar et al, 1977) has been described. But the degree of covalent binding of
electrophilic metabolites of labelled VCM to hepatic nucleic acids seems to be very
small (Vatanabe et al, 1978b; Laid and Bolr 1977). Laib and Bolr (1977) presented During the r-
evidence showing that the alkylating potency of VCM metabolites cannot be deter- might prove :
mined solely by measuring the incorporation of label into nucleic acids after exposure Fresented in
to radioactive VCM. Iatangbe et al. (1978b) concluded that covalent binding to marked the ¢
nucleic acids is not the preferential reaction, but they pointed out that this does not pational haz.
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exclude the posiibdity of other, more subtle interactions which may impair the control
of celiular replication. Alkyviaton of nucleic Jeids, however, cannut at present he ¢x-
cluded as the mechanism for VEMinduced carcinogenesis after repeated expoasure and.
agove all, in the target cells rather than the nepatoytes. .

This aspect c2rnes On to an unresolved problem on which future expenmental
work will have ro focus. Although the site of formation of the active metabnlite is the
enduplasme reticulum ot the hepatoete, the liver czil itself is not paruculariy suscep-
tibi2 to VOManduced toecity Acute hepatoce!fular injury hus not been chserved mot-
pholog:cally after exposure to VCM unless pretreatnent wath potent inducers of the
muxed function oxidase system had preceded the exposure;in precreated rats centro-
loular, midzonal and paniobular bepatocellular vacuoiization and even necross was
found (Jaeger ex al, 1974, 1975, 1977. Revnokds et al. 19753, 1976: Cuntolly et al.
1978). Secondly. the site of carcinogenicity in the liver is not the hepatocyte but the
endothelial cell of the hepatic sinuses.

At present it can only be speculated which of the following four most likely pro-
cesses are effective, either singly or in conjunction: (1) The acnive merabolite leaves
the hepatocyte and is conveyed to the endothelial cell, (2) The endothelium itseif has
somne metabolic capacity (Boit 1978), as may tisues of organs other than the liver.

(3} Mechanisms for the detoxification of the acave metabolite(s) are insutficient in
ussyes other than the hepatocytes. (3) Repar mechanisms for the correction of aber-
rant cell replication are less effecuve than they are in the hepatocyte (Wargnade et al.
1978b). .

An equally puzsling problem is the role of VCM in the pathogeness of the distal
avnneopfastic vaseular lesions which are responsible for the deveiopment of the triad,
Raynaud’s phenomenon. sclerodermond skin induranons and acroosteolysis. This svn.
Jrome was the earliest indicauon of advesse erfects of chronic exposure to VOM in
man. Besides. its [atency period was connderably shorter than encher the nonmalignant
liver lesions or angiosarcoma of the liver. Whereas it is aow established that hepanc
bioactivation of VCM plays the central part in the pathogenesis of both noncirrhotic
portal fibrosis and angiosarcoma of the liver. it 15 not at all clear whether the develop-
ment of the zcral lesions is due to VCM itself or to active metabolites which may exert
a direct or indirect toxic action on (a) medullary vasomotor centres, (b) the sympathe.
tic nervous system, (¢) smooth muscle cells of the media of arterioles, (d) endothelial
lining cells of small artedes (with fibroblast transfornation and endotheliul prolifera-
tion) or whether (¢) the action is mediated by the formation of immune compiexes.

4 Clinical Spectrum

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

marked the gradual recognition of the full spectrum of damage dus to this new oceu-
pauonal hazard,
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Table 7. Gradual emergence ot evidence for VCM-assogiated pathelogy

Year

Reference

Findings

1949

1954
1957
1957
1960

1961

1963

"’I 1966
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Tribuhh et al.

Smurmnova

Filatova and Gronsbery

Kubon
Danziger

Smirmova

Suciu et al,

Cordier et al.

Harris and Adams

Benoir
Wilson et al,

Anrtonyuzhenko
Dinmen et al.

Dodson et al.

Kramer and Mutschler

Hepatomegaly. more or less marked “amcteric
hepatutis’, “chironic pastnts’, hypotengon.
anaemui. skin lesjons

Toxic angioneurosis
Toxic anponeurosis
Symptoms sumilar to Raynaud’s phenomenon

Two cases of accidental {atal poisoming by VCM.
| nonfatal acute overexposutre

Reversibie osteolytic lesions of distal phalanges.
Pscudociubbing, thickening of skin nn volar
side of forearms, slight haemolysis and reticulo-
cytosis

CVS. prenarcotic symptoms (dizziness. euphoria,
somnolence), nervousness, insom:ud, blunting
of memory, general asthenia. headache

Vascular: Raynaud’s syndrome

Dermacol.: pruntus, reversible sclerodermalike
skin induration. chemical and allerpic dermatius

Digest. symproms: anorexia, nausea, fullness,
hepatomegasly without hyperbilirubinaemia,
splenomegaly

Endocrine: hypothyroidism

Raynaud's syndroms, sclerodermalike <kin
changes. acroosteolysis. pseudociubbing, jorunt
pain, tiredness, sieep reversal; 2 episodes of
acute overexposure (loss of consciousness)

Acroosteolysis, skin lesions, Raynaud’s phenom-
enon, pseudoclubbing, involvement of sacroiliac
joints and patella, hepatomegaly with persistent-
ly rsised serum bilirubin. Skin biopsy

Arteriography. Skin and bone biopsy

‘Occeupational acroosteolysis’ with Raynaud’s
symptoms. sclerodermalike skin changes.
pssudoclubbing

Mentions thromboeytopenia

Prevaience of acroosteolysis and Raynaud's
phenomenon

Vascular lesions preceding the bone lesions

Increased BSP retention and raised icterus index
related to degree of exposure
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Table 7 (continued: M
. Yeur Referenve Findings .
1amerens 1a=2 Markowirs et 4. Prograssive tluckzning of hands and forearms. ;
tansion, . arthralgid. Blanching upen exdoture Gy oid 11
with vvanosis of hands accompanied by severs , ,
pain. Skin Mopsy B
972 Jiiw and Longe I-t Germur rzpart of T workers with sqierederma. f
like sk.n lesions, Ravnaud's syndrome, and i F
henomenon acroosteolyss. Tests showed abnormal livern | 8
~ning by VCM <. occlusion of dugtal artenesn | worker i
1973 Marseeiler et al. Noncirrhotic portat fibrosis with portai hy per- R -
*..al phlanges tenaion and spienomegaly ‘8
i N valar - . ) '
« and reticuio- 19744 Creech et al. 4 cases of angosarcoma of the liver B
nexs, euphora, Y
";g’;‘:'h’:'“""“g 4.1 The Triad: Raynaud's Phenomenon. Pseudosclerodenna and Acroosteolysis E
.
"';f"::::_&:u “ A first indication of adverse efTects due o chronic VCM exposure arose in workers at a -3
d ;,..-m,;s_ plant producng VCM who presented with symproms simular to Raynaud’s phenome- .
rubinasmic non (‘toxic angioneurosis”). This was reported by Smimore in 1954 and later descnbed g
in detail in her thens { 1959), The syndrome was found predominanty in {3boratory g :
personnel who had intesmittenty been exposed to high concentrations of VCM dunng . B
&in hourly sampling for chemicz! analysis (punty of the product). In 1953 Raynaud’s syn. ‘R
!f:“ joat drome was also obsarved ameng several workess at 3 Japanese PVC producing plang !
R, et ol (Kubora 1957). Apart from 3 punful vasospastic disorder of the hands. impaired ther.
- s moreguiation, acrocysnosis, ;- mitrve cold test, capillaroscopic alterstions, paraesthesias,
neud’s phenom- and CNS symproms such as headache, bluating of memory and sleep reversal, Smunova .
~ant of sacrodiae {1954) alsc mentioned sweiling of fingerz and development of circurmsenbed skin in- ‘
with persisient- dusations on the volarside of the forearms in thow most severely affected. In addition. :
uopRy there was svidence of mild haemolysis (borderline anzemia, decrezsed osmonc fragility .
of red cells, urobdinusia, and reticulocytosis). In 1961 Smirmorve descnbed radiographic
ey evidence of destructive bone lesions of termunal phalanges in the hands identical with
-k Raynaud’s sroosteolysis in three workers at a PVC-producing plant (one fitter, two centrifuge
+ changes, operators) aiter exposure for 3-9 years. Since these bone lesions developed in con- 2
juncdon with “oxic angioneurosis’ and sincs complete recaicificagon of the defects .
was found in two workers 3 years after removal from exposure, Smirmove believed the .
. Raynaud's lesions to be characteristic of chronic VCM intoxication. She pointed out that their :
reversible character might serve to distinguish the lesicns from similar defects seen in 5
vibration trauma. In retrospest, Smimova's obsesvations are the earliest decriptions of -
e iesions the full range of symproms which much {ater hecame known as the syndrome of oc- :
«d icterus index capauonal acroosteolyns’. X
In 1963 Suviu et al. (see also 1967 and 1975) published the first comprehensive %
analysis of therr obseevation of a multiform symptomatology in subactue and chronic &
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. W.K. Lelbuch and H.J Marsagile:

A

VCM sntoxication. During a d-year period, they examined 168 mostly young worhers
from two Rumanian PVC.producing plants who had not previously been employed i
other industries. In their classic paper. the authors described in detail the various cen-
tral nervous, digestive. angioneurotic and cutaneous symptoms (listed here in their
order ot manifestanon). Acroosteolysis, however, was not mentioned. Episodes of
acute overexposufe (usually occurnng at the end of a batch run, dunng retneval of
unreacted monomer, or at repair jobs) rapidly resulted in a state of light-headedness
and transient euphiona similar 10 a mild degres of inebriety and were accompanied by
a feeling of heaviness in the leps and disturbed locomotor coordinaton, Several workers
claimed to have been able to identify escaping monomer by its faint but agreeable
odour. Apparendy during periods of parucularly high ambient congzntrations, workers
repeatedly noticed formication in the lower limbs and a geaeral feeling of bodily
wamith. 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 fatigue and sleepiness set in, there were complaints about persistent
somnolence, even gutside the work premises. and a tendency to fall asleep at the work
place. particularly during night-shifts. In addition, headache, dizziness. irntability,
blunting of memory, paraesthesias, and general weakness were reported: some workers
noticed insomnia or sleep reversal. ’

A reappraisal of these nonspecific complaints (see also Fale et a1, 1976) 6 years
later, after improvement in industrial hygiene, revealed that the frequency of their oc-
currence had considerably decreased (Suctu et al. 1975). Following a prolonged penod
of repeated overexposure, vague nonspecific digestive symptoms also developed. such
s anorexia with ensuing weight loss. nausea, fullness. upper abdominal discomfort,
bloating and epigastnc pains. Enlargemenc of the liver was found in 51 workers (307):
in 67 there was also splenomegaly. Classic Raynaud’s phenomenon was found in 6%,
but 3 tenfold higher percentage of the total work foree showed evidence of vasospastic
alterations on plethyvsmography (Raucher et al., cited by Suciu et al. 1975). Pruritus
of the hands, forearms and face was an early complaint followed (ater by what was
theought to be (allergic?) ‘contact dermatitis’: finally, nodular and scleroderma- or
scleroedemadike cutaneous lesions deveioped in some workers, involving the dorsal
surtace of the hands, the volar side of wnsts and forearms and the face, with tirm
thickening of subcutaneous tissue or fonation of whitish papular or slightly elevated
plaquelike indurations. The cutaneous manifestations fargely 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 return to nor-
mal after a break from work or during holidays.

With the exception of acrposteolysis and the two most alanning late sequelae ~
noncirrhotic portal hypertension and hepatic angiosarcoma - Sueiu’s early documen-
tation of the prevalence of disease in PVC production workers encompassed a com-
paratively complete description of the various aspects of chronic VCM intoxicauon.
Later publications supplemented the spectrum of knowledge mainly by providing ad-
ditional information on spidemiological, roentgenological. thermographic. angiograph-
ic, and histomorphological aspects of the lesions encountered in subjects chronically
exposed to VCM. .
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1 WOTKeTS The discovery of unusual ostenlveic detects m the diswal phalanges of the hands of
Fluyedn two Belgan autoclave cleaners who had sutfered from Raynaud's phenomenon and un-
110US GEn. classifiable degencrsuve lesions of the darmal connective ussue ( Curdicr et al. 1966)
) ther marked the rezognizion of this new occupational disease in the Western World. Tite
Jies of §y naroine was termed ‘ocsupauanal acroosteniyas’ (QAQL). and dunng the folowing 3
aval of y2ar a number of additional cases were reported trom France, Great Bntain and the | AT
ledness Uanted States. Lazar Lef@ree (1972) who together with Corglicr descnbed the first two ! *_.s i
canted by cases of OAQL. tepontad that 3 subscquent invesugauon reveaied another “n vases in e
valworkers the vanous piants aitiliated to the same corporation in Span, faly and Braz). By the . ¥
:eable end of 1979, 3 rotal number of |26 cases had besn published in detad (Table 8). The ' ok 31
5, workers vascular phenomena preceding or accumpanying OAOL comprise 3 broader range of k3
iy symptoms than those characteristic of Raynaud's syndrome. The conditions sesms to R n
‘akages. begin with ilidetined puns in fingers. wrists and also large joints (shoulders, knees): | B
1onths of the fingers are aumb and tingling. tender on palpaton. handgnp and tapping finger ! Lo a,,' :
sistent ups on hard surtaces 1s pandul; these is increasing senmittvity of the hands and fingers ! ‘T-'.’
.t the work to ¢old accompanied by a tendency to cysnouc discoloursuon, In some cases, the toes : f—
ity are likewise affected, Later, classic Raynaud's phenomenon develops (sudden appear- : §..~
& WOrkers ance of panful, sharply demarcated blanching) and. concomutant with the onset of o s N
ostevlyae processes. there s a shortening and broadening of the terminal phalange [ i sl
A vears with strauon of nals (pseudociubbing). L
o their ve- « R
zed perod ' " B
c"-"-"- such Table 8. Publicatiors on Occupational Acroosteolysis’ since 1966 ' ;:‘r
wntort, i
o 130™): Yeur Country Number Authors -l g
el of t1ses Einss
';'*““ 1966 Belzium : Cordier et 3i. ' Pty
Frulilus 1967 France 5 8enouwt; Chatelan 3nd Mordlon i
‘at was 1907 France ] Bournchon (cited by Marn 1 4i. 196 :
“11de OF 1967 United Kingdom 2 Harris and Adems [
- Jorsal 1967 Usa 3 Wilson et al.
\ fitm }969 Rumania 2 Anghelescu st al, e
1969 Yugosiavia 8 Koved et al. i
+ elevated 1971 usa 31 Dinman et 3l. sk
t3r removal 1972 USA 2 Markowtes et al. 25
roidism 1n 1972/1973 F:_d. Republicof 6 Jiike and Veitman; Stein et 3. (3. b) A
. s mi -
n to nor 1973 Japan ny 1 Tekeuchi and Mabuchi 3 R - .ff_,
1973 France ‘ Moulin et al, Py’
welas = 1974 Usa i Trepp et al. Lo
Jocumen. 1978 USA ¢ Lilis et al. z
! 3 com- 1978 United Kingdom | Stewwrratal, 7
i 1976 United Kingdom 4 Preston et a..: Welker: Mischell Johnrron g
seation. (1978) o
widing ad. 1978 Brazil ] Gama and Meira :
mgiograph- 1979 Istael 2 Hahnetal i
‘ronically 126 E‘} ':-‘}:
3 Oneor 2 clear vases, in addinon, 38 suspected cases i see Sekabe i975) o '.
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k2 . . W.K. Lelbach and H.J Marsteller
4.1.! Familial and Idiopathic Acroosteolysis

Acroosteolysis is a very rare disease. The aetiology and pathogenesis of thus condition
is still obscure. Osteolytic bone changes in Jate stages of so<called Raynaud’s disease
(accompanied by necrous and gangrene), characterisucally presenting as loss of part or
of an entire distal phalanx of one or more fingers and also of toes, have been mention-
ed in the literature since 1921 (Asonann 1921 Monahan 1926; Borak 1927; Kemblum
1929). Komblum attributed the lytic bone defects to vascular abnonmnalities and nated
that he had found 1dentical lesions in early stages of scleroderma and in leprosy. The
term acroosteolysis was first introduced by Laroche and Hochfeld (1948), who held a
neuroendocrine syndrome responsible for the lesions. Independenty Harnaselt (1949)
reported another case of symmetrical idiopathic acroosteolysis, particulatdly 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
Gigcer mentioned that 68 cases of the familial type of acroosteolysis and 33 cases of
the nonfamilial, idiopathic form had been reported in the medical literature, He added
another five cases, but his case reports pertain almost exclusively to mutilating proces-
ses involving only the feet, with recurrent ulceration and discharge of bone fragments
(ses also Harms 1954), In 1957 Lievre and Gama listed 16 observations of wdiopathic
acroosteolysis and commented extensnively upon these lesions: the whole range of dif-
ferential diagnosis (various congenital, neurogenic and endocrine osteolytic diseases.
leprosy, arthritis mutilans, progressive systernuc sclerosis, ainhum et¢.) was considered
in their study and could be rejected with reasonable certainty. {n a later review,
Cheney (1963), 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 degeneratuve bone process more generalized than the term
implies, It was the puzzling character and the ranty of this peculiar bone lesion that
captured the attention of site medical personnel and industrial hygienists when in
November 1963 the condition was detected in two Belgian autoclave clesners (Lefovre
1972).

4.12 Epidemiology of Occupational Acroosteolysis

Attempts at assessing the prevalence of OAOL among personne! involved in VOM
manufacture and polymerization reveaied that in general this occupational type of
osteolytic bone lesion was found in only 1%--3% of the work population at risk.
Hubler et 3l. (1977) considered the fact that only 3% of all workers who had been
engaged in manual cleaning of sutoclaves at a Belgian plant suffered from OAOL and
Raynaud's phenomenon to be indicative of the importance of individual factors.
Wilson et al. (1967) observed 31 cases among 3000 employees of one 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 3 total of 5011 employees, illustrates the difficulties and limita.
tions encountered in 3 retrospective study of this dimension. All of these 5011 workers
had been engaged in various stages of VCM and PVC manuiacturing. but 1257 of them
were workers who only handled finished PVC polvmer, Five of the 32 plants worked
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exclusively with the finished PVC.Jerived consumer products, Durmen 2t al. found
onlv 23 clear-cut cases of QAOL amonug the 5011 employees (mean age: 33.5 vears).
defined a3 characrensue Xoray film abnormalbiies combined with Raynaud’s phenom-
eaon: 18 of them had Seen sexcror cleaners at some rime: ancther 16 indivaduals (10
with expenence in reactor cleanmng) with early stages or mimmal Jegrees of the syn.
Jrome were suspected o suffermg from OAOL. [t emerzed that the two lowest-pud
jobs, hoth reactot cleaning and bagong packing, had 3 strong assesiation with OAOL

1 case per 72, or 86 workers ar sk, resg2vuvery ). Manpulanon of e finished polymes

appeaed not 0 be associated with 2 nisk of contracung OAQOL. Only | case of OAQL
was detected in those plants where tugh-pressure water lances or solvents had been in
use for reactor cleaning. Furthermore, it seemed that the extent of degassing pnot to
entry into the autoclaves correlated with the manifestation of the Jdisease,

Table 9. Prevalence of acral disease in VCM-2xposed populations

Number of eases

Size of Clasmical Severe Sciero-
goup ‘Ravnaud’s senstuvity  dermond
Country atnsk QAOL  phenomenon tocold skin lesions References
France 130 s 12 15 L Benor 1967
CSA 3s5. 4 . 63 3 Liiset 2. 1978
Caited 37 1 s 8 4 Walker 1976
Kingdom
Fed. Rep, 100 9 9 33 10 Lange and
Gemany Veltman 1977
United 104 1 pA.] - 1 Mermcq et al,
Ningdam 1978
Total 715 20(AIT) TUSEOTY LIB(V16T) X6

More commonly seen thar OAQL were Raynaud's phenomenon (see Table 9) and
related symptoms of abnormal peripheral circulation (Benore 1967; Lilis ex al, 1975,
Lange and !"eitman 1977). Benoir pointed out that 3 complete medical and roentgen.
ological check-up of all 528 employees at 2 French PVC.producing plant revealed
pathological manifestations anly among the group of 130 reactor cleaners of whom 52
were affected (OAOL, 5: Raynaud’s phenomenan without QAQL, 12: sensitivity to
cold, 15 workers), He stressed the fact that in this group of workers at tisk the overall
morbidity was dman 25%, Similar results were obtained by Lilis et al. (1975), who
Yound classic Raynasud's phenomenon in §.6% of 354 hesvily exprsed PVC workers,
numbness and tingling in 24%, excestive sensitivity to coid in 18%, pseudociubbing in
.77 and involvement of the toes in 7%. Besides, in 26.6% of ths total an abnormal
Allen test indicated impaired pesipheral arterial circulation. It was noted that in some
people with past exposure Raynaud's phenomedsa had gradually faded, whereas
pseudociubbing persisted or even progressed. Most imporant, however, was Lilis*

tinding that the prevalence of all these abnommalities increased sigruficantly with the
duration of past exposure to VOM.
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W k. Lelbach and H Mursteller

Occupational acroosteolysis is a condition predominantly observed 1 y ounzer
wotkers. The age range was 20~ 5 years and half of all cases reported fell in the 30-39
vears agegroup. Duration of YCM exposure prior to onset of Raynaud’s phenomenon
ranged from | to 23 months (Dudson ct al. 1971). For OAOL the latency pentod was
at least 12 months (Wilson et gl. 1967):1n most cases. QOAOL developed insidiousty
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 (Bcrowr 1967). Longitudinal stulies
of the bone lesions demonstrated partial or compiete bur mostly detectrve restitution,
resuiting in shortened and deformed distal phalanges, within 2-3 vears after remaval
from VCM exposure, but Raynaud's phenomenon and cutaneous lesions may persist
{Williams and McLachian 1976). Stein et al. (1973a, b) reported partial healing with
restitution of tuits but progressive lysis of the proximal portion of terrtunal phalanges
3 years after termunation of exposure.

Although OAOL developed predominantly in PVC production workers who had at
least for some time been engaged in reacror cleaning, the syndrome has also been ob-
served in association with other job assignments wiuch were believed to carry a sub-
stanually lower risk of exposure. Trapp et al. (1974) reported 2 3 l-vear-old whute male
suffenng from Raynaud’s phenomenon, clubbing of the fingers and typical bilateral
acroosteolyss, in whom specific inquiry revealed that his empioyment by an industrial
chemical company had included duly handling of small concentrations of vinyl chlo-
ride (no details given). Typical OAOL was also observed in a worker after 6 years' em-
ployment as spray dryer/bagger, pre-nix operator, recovery and charging operator who
had never cleaned autoclave vats (Srewarr et al. 1975). According to routine plant
monitoring of VCM levels in the past and 35 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 vear during an
earlier survey of OAOL were normal;in 1972 he presented with Raynaud's phenom.
enon, pseudoclubbing, typical OAOL and dermal thickening of hands and wrists. Ar-
teriography demonstrated narrowing of most digital arteries, even in fingers without
bone defects. and abnormal collections of small vessgls in the pulps of deformed
finger tips, but no vascular occlusion.

Apart from the chemical insult by inhalational (rather than transdermal =~ Dinman
etal. 1971, Srewarr et al. 1975) expasure to VCM, individual susceptibility or idio-
syncrasy appears to have played some (undefined) role in the development of the syn-
drome. It does not seem likely, however, that repeated physical microtrauma during
cleaning operations (removal of polymer crusts 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 Qccupational Acroosteolysis

In the majority of cases osteolytic lesions are confined to the hands. Involvement of
the feet was observed only rarely in OAOL. Wilson et al. (1967) belicve that OAOL
differs from familial or idiopathi¢ acroosteolysis in several respects. Although the bone
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Jeracts in the distal phalanges are simular in both conditions. uther features, such 25
OSteOPOroNC Compression rractures oi the spine, basilar impression fracture or the
skull, desrruction of mid-phalanges or osteosclerotic changes ot wnsis and hand bones,
shorening of metacarpals and cortical thickeming of the shafts of long bones sesn in the
nonazsugatonal tvpe have never been found tn OAQL. Wifson et al. worked out roent.
genological ¢arena for the diagnosis ot OAQL:

1y Thz eardizst changes in OAOL are marmnal derects and lo0s of sortex n s of
one or more of the terrunal phalanges of the hands.

2) Ia the nexx stage this is followed by small “half-moon’ cuts in the cortex of ths
tufts, or a so-called sliceeffect along one or more rufts.

3) The advanced stage of destruction is charactenized bv eicher 3 complaze loss of
tufis together with a portion of the shaft os there may be transverse or oblique bone
defects (see Fig. 2) cutting off the shafts from the remaumng distal nm of the rufts
{'bandlike acroosteolysis’).

Fig. 2. Occupational acroosteolysis. Transverse or oblique bone defecrs (“handlike
acromsteolyns”) or parnal loss ol terminal phalanges in 21l fingens of both hands. (13-
year-oid autociave cleaner: duration of exposure 3 1/2 vears)

4) In the healing srage therw may be either complete bony union with shortening
and broadening of the residual parts of the end phalanx or a fibrous union of bone
fragments. Fingenips remaia short and plump with persistent clubbing of soft tissues
and increased lateral anc longrudinal curvature of fingertips.

Sodium iluoride ' *F scintiscan data of affected bores suggested that active de-
mineralization (resorptive) and remuneralization (reparative) processes may ocour si-
multanegusly even in the same Rand (Dodsost et al, 1971). [n some cases, bones of
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vther body regons were also involved. Erosive and selerotic changes in the sucro-ilae
joints and circumscnbed resorptive defects (cortical ¢rosions) in patella. clavwle, man.
dible. humerus, styloid process of ulna. femoral condyles, os calcs, cuneitonm and
metatarsal bones have repeatcdly been observed (Condicr et al. 1966 /furrre and Adarns
1967 Dodson et al. 1971 Juhe et al, 1574 Lange et al. 19740: Presron ev al, 1976:
Jaysom et al. 1976, Lange and Ueltman 1977).

+.1.3.2 Pseudoscicroderna

Concomitant with the manifestation of paracsthesias, pain, tenderness of the fingers ana
Raynaud’'s phenomenon, cutaneous lesions similar to stigmata seen in progressive scle-
roderma develop with thickening of the skin of fingers, hands and torearms, someurmes
accomnpanied by swelling or puffiness and coassening of the skin of the face (mostly on
the forehead and cheeks). Raised, ivory <oloured, firm nodules or elevated, sharply de-
lineated plaquelike skun indurations are seen on the dormsal sutface of fingers and hands
and on the volar side of the wnsts and lower forearms. It was this combination of Ray-
naud’s phenomenon and cutaneous lesions which first prompted a search for ather
symptoms of progressive systermuc sclerosis in affected workers. The syndrome of
OAOQL. however, can be clearly distinguished (Table 10). Notably. the diffuse immobul-

Table 10. Differenual diagnosis: syndrome of occupational ncmo;ieolysis tRaynaud’s

phenomenon, sclerodermoid skin changes, AOL) / progressive scleroderma with (fare)
osteolvtic lenons

Qccupational AQOL Progressive scleroderma
Sex rato Exclusively 4 d:q = {:2
Hands Clubbing and shortening - Atrophy and tapenng off
of finger tips; hyperhidrosis: of fingerups: anhydrosis:
no ulceration ulcerative lesions
Penoral puckering of skin  Not observed Common
Skin appendages Preserved Loss of skin appendages
Telangectases . Not observed Common
Shontening of frenulum Nat observed Early symptom
Subcutaneous deposits Not observed Common
of calcium saits
Dysphagia toesophageal Not observed Common
involvement)
Renal. cardiac and Not observed {Common)
intestinal invoivement
Oceupational history Obligatory -
Prognosis Favourable (skin and bone Usually spontancous
lesions tend to heal after progression

removal from exposure)
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izing sclerosis of the skun with tapenng off of fingertips was aever seen in the oczuza-
uonal syndrome. After cessation of exposure the siin lesions s¢ein 1o regress more
readily than the osteolytic changes.

4 1.4 Hiswlogy
4. &0 Cutancous Lesions

Severa) investigators descnbed the histomorphology of skin lesions tn vinyl cidonde
disease (Cordier et al, 1966: Harris and AJams 1967; Mann et al, 1967, Markowirs et
al. 1972 Langr ez al. 1974a; Velrman et 3l 1975, Walher 1976. Halin e al, 1979), but
we found only one descniption of bone tustology in QAOL in the literature (Benou
1967, Marin er al. 1967). Skin biopsies showed various degress of dermal. vascular and
neural changes which were essenuallv ideatical in 2auents showing OAOL 3nd in those
who sutfered ‘merely’ from Raynaud's phenomenon.

Dermal changes consusted of hyperkeratosis and pronounced thickening of the det.
mus with disonentation, swelling and noniibnilacy eosinophulic homogenization of
broad interlacing collagen bundies, There was some degree of interstitial oedema which
fantly stained metachromatically with toiuidine Slue, alcuan blue and penodic acid-
Sctuff (PAS). An inflammatory resction with infiltranon of lymphocytes and 3 fow
histiocytes was scanty and, if present at ail, of predomunantly penvascular distribution.
The most notable fearure was marked disorganization, fragmentation and rareficauon
of elastic fibres. In 2reas corresponding to nodular or plaguelike skin indusations, the

- ful] shickness of the dermis consisted of an aceilular, pardy hyalinized collagenous tis-

sue. Skin appendages were preserved, In 15 apparendly less severely aifected workers,
valker (1976) found only some destruztion of elzsne tissue of the derrus, probably
not exceeding normial age changes: in one worksr with severe Ravnaud's phenginienon
some fibrous thickening of the medis of dermal arterial was seen.

Vascular lesions aifected capillaries and small dermnal arteres. Numerous dilated
capillaries were seen in the subepidermal papilae with swelling of endothelial cells
and pericapdlsr oedema. Capillaries of the cutis showed cuitlike hyperplasia of pen-
thelial cells with fibroblast transformation. hyalinoss ot vesse{ wails and final oblitera-
tion of iumina. Marked medial thickening of Jermal arterivies, due 10 hypenrophy of
myocytes, was accompanied by panetal tibcous and hyalinonis. which ultimarely led
to narrowing ot even camplete occlusion of the lumen,

Degenerative lesions of small Jermal nerves were mentioned by Frencl investigators
(Benur 1967 Marmn et al. 1967; Charelain and Morillon 1967). They found sclerosing
hvalinows of the penneunum with atrophy of neurotibnis. Tactle corpuscles (Wagner-
Meissner, Pacni) were unaifected.

-l.4.2 Bone Lesions

The mast striking fearure in 3 biopsy specimen of the bone. obtained from a French
worker with OAQL (case = of both Benoir 1967: Marur et al. 1967) was marked thick-
ening and fyalinization of the penosteum with chondroid mezaplasia of the innet-
most [ayer. Supplying capillaries and arrerioles showed occlusive changes iuentical with
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thuse obsened 1n the dermus. The bone matnx per se was barely affected. There was
numimal tlunming of cortex. normal spongy bone and only mild fibrosis of the bone
marrow.

Eapenence with histomorpholugy ot bone lestons in the famihal and idiopatine
tvpe of acroosteolysis s limited. In the fow cases where biopsy material could be ob-
taned, there was replacement of bone by nonspecitic fibrous tissue. but intflammarory
and Jdegenerative changes or ostecud formation were not found (Dupas et al. 1936
Elson and Bumistein 1953, Greenbere and Street 1957 Schwarsweiler 1957),

In this context, it should be kept in nund that "ola succeeded in reproducing
dermal, vascular, neural and skeletal lesions in the skin of the paws and in small meta-
tarsal bones of expenmental anumals which were very similar to those obsenved in man.
Viola exposed rats to 30 000 ppm VCM. 4 h/day. § days/week. for 12 months and de-
senbed the histology of these lesions in detay (1970b).

4.1.5 Antenography, Capilaroscopy, 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 invanably con.
fined to the small digital artenes. although the superficial and deep palmar artenal
arch may occasionally show some narrowing and 3 paucity of side-branches (Lange et
al. 1974a; Moulin et al, 1974). The most prominent arteriographic features were it
regularities and segmental stenosis of digital arteries. ranging from localized or diffuse
narrowing to subtotal or even total occlusion with Jeveiopment of coilateral vessels.
Besides. a conspicuous retardation of flow of contrast medium was noted, and peculiar
tostuosities of patent digital arteries were found. Circumscribed hy pervasculanty of
the terminal tufts and in the region of the wrists was noted in some cases { Benoir
1967 Lange et al. 1974a: Veltman et al. 1975; Presron et al. 1976: Steveare et al,
1975 Gama and Meira 1978). Angiographic findings in 3 larger group of 19 symp-
tomatie PVC workers with either Raynaud's phenomenon and/or acroosteolysis (5 ’19‘)
were recently described in detail by Aoisc/nwirs et al. (1980). Raynaud’s phenomenon
had been observed to persist in these patients for prolonged periods after ternunation
of exposure and even after roentgenological evidence of healing of resorpuve bone
defects in those who had formerly suffered from acroosteolysis. In addition to vary-
ing degrees of stenosis or occlusion of digital arteries with reopening of small collat-
eral vessels, acral hypervascularity and considerable retardation of perfusion in spite
of premedication with tolazoline {Priscoline, United States). the most conspicuous
features observed in the majority of these patients (14/19) were circumscribed elonga-
tions and tortuosities of digital arteries resembling cirsoid aneurysms. An example 1s
shown in Fig. 3 of generalized tortuosity and elongation of digital arteries in a 54-
year-old patient who started to complain of severe sensitivity to cold 3 years after
cessation of VCM expasure (about | year priot to death {from both angiosarcoma of
the liver and hepatocellular carcinoma). The pathogenesis of these peculiar vascular
alterations is not clear. but the possibility presents itself that they may be due to de-
struction of elastic fibres in the vessel walls in analogy to similar aiterations of digual
artenes seen in theumatoid arthritis (Laws et al. 1963, 1967).
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Fig. 3. Compicuous turtugsities and glongation ot digindl aftesies

Studies of microvascular changes by wide.field copillarm micmscopy (direct obser.
vations complemnented by photography) of selected skin sites — such as nz lolds,
fizgerpads. dorsum of phalanges and of proxumal interphalangeal joints - demonstrat.
td 3 vanety of capillary abnormalities, i.2. dilated or giam capillary loops, pale avascy.
Lar areas, capillary and subungual haemorrhages. The abnormalities were sumilar to
those seen in scleroderma but were usually less conspicuous, less aumerous and of dif-
ferent wistribution. In a survey of 3 group of 152 Ameritan PVC workers. (hese capil.
laroscopic (indings proved to be signticantly more prevalent than in 50 nonexposed
contro] subjects (Maricg et al, 1976). There was also a stavistically significant differ-
tnce in the prevalence of these abnormalities between symptomaric and asympteomatic
PVC workers. The alterations were not only found in warkers with clinical symptoms
of disturbed acral cireulaton but also in 6 nonsymptomatic males with either VCM-
induced angiosarcoma of the liver (2) or splenomeyalic portal hepauc fibrosis (4).

A simlar survey was later undertaken in an unselected sample of 129 emplovees of
a PVC producing chemical plant in England with 26 employees of 3 non-PVC-producing
chemical plant serving as controls (Maricq et al. 1978). The prevaiznce of capillary ab-
normalities found in thess British workers, which were of the same type and degree,
w3 comparabie t¢ that in the American sample, although the 1atter included a larger
number of more severely affected symptomatic patients with greaier mean length of
employment (1§ years vs 3.5 yeans). In the authons’ opinion, this suggested that VM-
related disease may deveiop independently of differcnces in manufacturing procedures.
[t also suggested that this easily detectable type of migrovasculsr lesion may precede
more scnous VCM-inguced disorders. In a small subgroup of 15 clinically affected
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British workers who were exaumned 624 months arter leaving the plant (temunation
of exposure), the prevalence of capillary abnormalities was niot less than that among
those who conunued work. For an evaluation of the reversibility of this condition,
however, the group was considered to be too smail. 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 25 years
(Byezkowska and Langauer-Lewowicka 1974).

Infrared tliermograpity, another nonanvasive method, used by Ry etal. (1974)
for the study of acral circulation, revealed abnormalities of surface temperature rang-
ing from marked hypothermua of terminal phalanges (which are normally warmer than
the rest of the fingers) to “complete terminal amputation™ in four PVC workers suf.
fering {rom OAOL. In one of them vascular disturbances as evidenced by infrared
thermography persisted in spite of complete healing of OAOL. Srewarr et al. (1975)
demonstrated uneven blood flow in the fingers and patchy hyperthermia in the distal
part of the QAOL-affected left index and middle finger of their atypical case. Local.
ized acral hyperthermuia seen on IR thermography corresponded to the angographic
finding of circumscnibed 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, Williams et al. (1977) assessed the
time needed for heat return after immersion of one hand for 10 s in 2 water bath kept
at 19°C; however, no difference between VCM-exposed subjects and controls and be-
tween groups within the exposed population was noted.

4.1.6 Immunological Studies

Early experience with the syndrome of occupational acroasteolysis suggesied certain
similanties between this disorder and corresponding lesions seen in progressive systemis
selerosis (diffuse scleroderma). Differential diagnosis of these two unrelated conditions
is now well established /Table 10). Such similarities stimulated the search for other
manifestations of a sy~.2mic collagen disease, notably immunological features, as pro-
poted by Marin er al. in 1967, Ward et al, (19763, b) carried out immunological studies
in 58 workers from a British polymerization plant wiho were referred to them out of' 3
total past and present work {orce of 320. Mean duration of exposure to VCM was 39
months (6—75 months). Of these 58 workers, 28 were symptomatic (Raynaud’s phen-
omenon. 9. scleroderma of hands or feet, 6: CAQL, 2; sensitivity to cold. excessive
fatigue, limb pain, paraesthesias). Slight hyperimmunoglobulinaemia, usually igG, the
presence of mixed cyroglobulins. and in vivo converion of both C, and C. were
found in 19 patients in the symptomatic group, with additianal evidence of reduced
T-ell population and increased B-cell proliferation. Mixed cryoglobulins. in vivo con.
version of complement and depressed values for C, or C, were taken as cvidence for
the presence of circulating immune compiexes. Autoantibody screening Jemonstrated
low-titre antinuciear antbodies (IgG 1/20-1/50) in eight of the nine patients with
Raynaud’s phenomenon. Aggregates of IgG, C., C;, and fibrinogen/fibrin were reveal.
ed by direct immunofluorescence in the lumen of vessels, adherent to vascular endo-
thelium. Aggregates were similarfy seen in the media and subintimal regions of smait
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and mediumesized arteroles in iopsy specimens of the skin (10 cases). muscle and
lung t1 case each).

The authors proposed as explanation ror the induction and pathogenesis of skin
and hone chaages in VOM-induced disease 3 theoreucal model based on reasuve meia.
bolis intermediates of VCM formed dunng dotransformation pinding covalently to
plasma protews. These may act as aatgens (33 a resuit of 3 structurally abnormal protein)
which sumulate Bceil groliferauon and anupody response Platelet agzreganon, vas-
cular oeclusion and ischaenma were thought to be segondary to complement activation
a$ 2 result of formanon of immune complexes which were impiicated as possible med:-
ators of ussue injury. Ischaenua, in tum, by leading to collagen synthesis, was believed
to further activate the compiement pathway and thus to recycle the mechanism.
Jayson et al. (1976b), who carned our collagen studies in 2 skin biopsy of one patient
suifering from OAOL found the rate of collagen synthemns to be considerably higher
than in normal contrals. The pathogenesis of excess collagen formauon in vinyl chle-
ride disease has not been fuily elucidated.

In an earlier study no cryogiobulinaemia or presence of cold agglutinus was found
in four Polish workers with severe Raynaud's phenomenon: in two of them 3 slight
decrease in G was noted (Brezkowskg and Langauer-Lewowicka 1974). Later. how.
ever. Longauer-Lewowicka et al. (1976) observed latent cryoglobulinaemua, detectable
atter Sephadex G-200 filtration. in 18 of 22 workers with Raynaud’s phenomenon tin
6 together with acroomeniyns and sclerodermalike changes), Again, there were no coid
aggluunins detectable, but in five patieats marginal to slight elevations of IgG levels
were abserved The authors suggested that a patholopeal alteration of immune re-
sponses plays a key role in the pathogeneus of vinyl chloride disease. Lange et al.
(1974} and Velrman et al. (197%) concluded from their results that convincing evi-
dence of autoimmune discase was lacking. Immunological studies including decermina-
tion of theumatoid factor (latex agglutinauon test), quantitative immunoglobulin de-
termunation (Manzini radial diffunon technique) and autoannbody sereening (indirect
immunofluorescence) were initially introduesd in our first senes of 50 patents but
ware later abandoned because of mostly negative results, except for occasional in-
creases in immunoglobulin leveis (Yarsreller et al. 19752), Thess stuudies were lazer
taken up again with an additional 43 patients engaged in PVC production but still fail-
¢d 10 suggest more than an emaus connscton (unpublished data). We did not okserve
hypersammaglobulinaemia (see comment in t'ard et al. 1976a) except in a few pauents
with far advanced portal fibrosis and portal hypertension and in the termunal phase of
three patients who died frcra angiosarcama of the liver. In a group of 13 PVC workers
with Rayaaud’s phenomenon in whom arteriography of the hands disclosed various
Jegrees of occlusion of digital arterias, autoantibodies, eryoglobuling and cold aggluti-
nins were found in none; 3 moderately incressed IgG level (1.93-3.68 g/litre; normal
ange: X 21203818 g/litre) was seen in [ive patients who suffered from OAOL and
sclerodermoid skin changes (unpublished datz). Elastin antibody titres (the specificity
of which is doubtful) were negative.

In summary, currently available evidence does not seem sufficient to suggest an
autoimmune disease 1 a pathogenetic mechanism. Futther studies will be needed to
estzbiizh the true significance of the pasubly transient immunological abnormalities
1n VCMdnduced disordess.
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44 W.K Lelbach and 1L Marsteller
4.1.7 Pathogeneuc Considerations

Ravnaud’s phenomenon as a premonitory clinical symptom, histomorphology 1n man
and expenmental animals and angiologcal expenence suggest that the common de.
normunator in the pathophysiology of both skin and bone lesions in chromc VCM in.
toxication ts probably to be sought in the local impairmznt of blood ¢irculation 1n
penpheral regions, as SBenon pointed out as long ago as 1967. By reason ot thetr vas-
culature, the distal phalanges are the skeletal segments which may be most susceptble
to impairment of bload supgly. particularly to disturbances of microcirculution (Gama
and Meira 1978). Yet the answer to the next question, the pathogencsis of peripheral
vascular injury in vinyl chloride disease, is unknown. It still remains largely 2 matter of
conjecture how a volatile 10xic compound that 1s taken up via inhalation, distnibuted
throughout the systemic circulation and metabolized (bioactivated) in the liver, can
bring about. apparendy only in 2 small number of predispused individuals, after a vari-
able period of latency severe vascular injury and (probably secondary) damage to peri-
pheral tissue. Some conceivable mechanisms are briefly listed in a previous chapter (see
Sect. 3.4.2.2). but no conclusion can be drawn 25 to their relative significance.

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

Long before Raynaud’s phenomenon or osteolytic lesions were observed in PVC pro-
duction workers, Tribukh et al. (1949) studied environmental conditions in 3 Russian
plant where polvvinyl chloride resins were produced and compounded. Without going
into detal, the authors pointed out that moderate nontender hepatomegaly was found
in a larger porportion of a group of 73 workers (48 males, 25 femnales) mostly engaged
in PVC compounding; ‘anicteric hepatitis’ was diagnosed in 21 of them (15 4,6 ©). Al-
though the Juthors knew about the narcotic action of high concentrations of VCM
(75 -250 mg/litre = 30 000-98 000 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 apparently held other volatile
compounds derived {rom halogenated sromatic hydrocarbons (such as chlorinated
naphthalenes and diphenyls) used as plasticizers responsible for the systemic toxicity.
They urged, however, that strict monitoring of the health of these workers should be
introduced to prevent the development of severe liver damage, and they suggested the
installation of ventilation facilities of sufficient capacity.

Nonicteric hepatomegaly was again recorded by Suciu 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
biopty in two of these workers revealed chronic hepatitis. Studying the prevalence of
temporary disablement due to liver disease among 350 employees of the Sverdlovsk
plastics industry, Pushin (1965) found the highest morbidity among employees of the
PVC production unit, compared with other units engaged in the production of non-
PVC plastic matetials; 1 70 workers of ancillary industries served as control subjects.
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Tie clinical sympromatalogy of « tvpcally nonicteng — liver disezse observed in 3s
many 35 57 of the surrent work for.s uf the PVC production unit dunnyg 3 3-vear
survey was descnbed as having besn comvistent with the diagnusis of an insidioushy
developing shronie hepants, No iustolozeal datg were avalable, however. and the true
charazter of noamalignant liver disease found in these workers reciained obssurs,

In 1972 Kramcr and Murchler exanuned 3 group of 98 healthy male workers who
had been rounnely sxposad to VOM for periods un to 2§ vears and for wiiom career
me-w agitted Averags exoosurs estimates were avalable. Lt an atten,pt 1o correlate
environmental Jata ang results of 3 medical surveillance programme by means of step-
wise mujtiple lirear regression analyss, it emerged thar bromsulphthalein ( BSP) reten.
tion and. 1o 3 lesser Jegree, the icterus mdex were agruiicandy correlated with the
{evel of past exposure to VCM. Although no overt clinical disesse was {found in anv of
the individuals studied. Kramer snd Murchler concluded that exposure to VOM ag
TWA levels of 300 ppm or more for 3 working lifetime could result in certain changes
in chrucal laporatory parameters. As it later rumed out, slightly to moderately increas.

¢d BSP retenuon was the most connistently pathologeal test for VM induced liver dis-

ease (Marsreller 2 al, 19752).

In West Germany the first cases of occupational QAOL were observed in 1972 by
Jermatolozsis in Boan (Juiie and Lange 1972 June et al. 1973 Srem er 2l [973a.b).
At first sight, the symptomatology appeared 1o resemble atypical prograssive sclero-
derria. This provoked a thorough search for manifestauons of visceral involvement.
Progressive systemic sclerosis, however, could be excluded. On medical sxarmunation of
a {irst group of 13 polycieaners who were referred to the Depariment of Dermacology
{rom 2 nearby PVC-producing plant it emerged that 3 of them, who Jid not suffer
from either OAQL or scleroderma, had a history of unheraided bieeding from oeso-
phageal varices due to portal hypertension (Ju/te et al. 1973). Furthzr invesugation of
3 group of 10 relatively voung PVC production workers (mean age: 40 veass). in whom
previous liver disease could be excluded, was carried out in collaborstion with the
Medical Department. Peritonenscopy and guided liver biopsy were perfurmed in ¢ach
pausnt and revealed varying degrees of noncrritaric porval. perisinusoidal and sub-
capsular )ibrosis of the liver, with spienomesaly , thrombocytopenia and, less frequent-
ly. marked portal hypertension. but senkingly little hepasic dysfunction (urszeller et
al. 1973). It was now realized that the diszase spectrum in VCM-exposed individuals
encompassed a larger scope of injuries and, in f3ct, suggested a systemuc toxic effect.
Hence Jilic et al. (1973) proposed the term *vinyl chioride dizease’.

In retrospect, thus comparatively late recognition of the true nature of liver and
spleen alterations in chronic VCM intoxication can be attributed. at least in part. to
the long latency petiod as well as the inudious onset and course of this type of liver
disease which is accompanied, sven far into the advanced stages. by only minimal
hepatic parenchymal dysfunction.

Only 3 months later, however, in February 1974 the significance of this discavery
was turpassed by the alarming announcement that four cases of angiosarcoma of the

lrer. an exceedingly rare malignant tumour, had been found among 3 comparatively small

work force of 274 empioyees of the PVC polymerization section of a large North Amer-
ican plant (Creech et al. 19744). Two of these four patienss had Irst presenred with
upper gastrointestinal bieeding due to portal hypertenuon between 1964 and 1970,
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There is no longer any doubt that chronic exposure to viny] chionds monomzr can
produce two different types of liver disease 1n man as well as in expenmental ammals:

1) Noncirrhotic portal hyperiension

2Y Angiosarcoma of the liver.

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

Noncirrhetic portal hypertension and (often inconspicuous) porral fibrosis are not
pathognomonic. Primary splenic enlargement and gastroocsophageal haemorrhage Jdue
to marked portal hypertension in the absence of, or preceding, the development af
cirrhosis was first descnbed by Banri in 1894, As ‘Banti’s svadrome’, thus symptom
complex and its aetiology and pathogenesis have continued to be a matter of debare. '
Under the designation ‘idiopathic’, ot ‘primary, portal hypertension” the syndrome has
been observed notably in India and other South-East Asian regions (Ramalingaswamt
etal 1962; /managa et al. 1962, Basu et al. 1967a,b; Bover et al, 1967 Samg et al,
1971). 1t has been seen only sporadically in the Western World (Roussclor 1940,
Ravenna 1940; Tisdale et al. 1959, Polisht et al. 1962; Miller and Brandt 1962, Siderys
and Fellios 1964 Mikkclsen et al. 1965 fber 1970: Escarnin Marin et 31. 1974,

Mendenhigll ev al. 1974, Grannis 1975; Villencuve et al, 1976). [ber (1965) estimated
that “centers throughout the world reviewing their expenience with partal hyperten.
sion encounter 3 to 5% of pauients who do not clearly fit into the category of currhosts
or blockage of the portai vein.”

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

a) lna.t-g.ané arsenicals (Zeegen et 3. 1970: Veale and Azzopardi 1971, Knolle et al, )

1974 Morris ev al. 1974 Huer et al. 1978, Villeneuve et a}. 1976; Cowlishaw et al.
1979);

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

¢) Recenty, copper suiphate in Portuguese vineyard workers (Pimenre! and Menezes
1977).

Arsenical preparations (usually prescribed as Fowler’s solution - potassium
arsenite) have in the past been used 1t 2 torug in neurasthenia, as an adjunct to iron
therapy for anaemia, as antiepileptic drugs and well into the 1950s for the treaiment
of psoriasis. In this context, Banti's remark in his original paper (1898) that anzemia
accompanying primary splenomegaly responded best to arsenical preparauons is of
note. In a renowned German pharmacology textbook of this penod (Vor/inage! and
Rossbach 1880) Fowier's solution is also listed as a traditional antimalanal drug of
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long standing. Chairvan and Viranuraent (1979) recently implicated an indigenous
Thai madicine contaning arsenic 3s 3 possible aetiologeal factor in 2 case of idiopathic
portal hypertension. Darra ex 21.11979) found sigmficantly elevated tevels ot amsenic in
liver t:ssue spezimens of fout of nine [ndian pauents with idiopathuc portat hy-perten.
sion resuiting from chronic amsenic ntoxication icontarunated drnking watee. use of
Avurvedic medicines). Typeaily. iiver disease in these cases occurs in conjunction with
other evidence of chrome arsen:ie intoxicaton, such as skon pementation. pumar and
plantar hyperketatosis, skin cancer and sermetimes carcinora f other sites. However,
neither histolomcal nor radiologeal of haemodynaruc critena perrmit 3 elear distine-
ton between ‘idiopathic’ portal hypertension and noncirrhoric portal hypertension
<aused by chronic ansenic texaficanon or chrome exposure ta VCM, as was demon-
strated by Villencuve et al. (1976) in a study of {ive parents.

After prolonged treatment with excensively high doses of viramin A (psonasis.
ichthyosis and other dermatolomeal conditions. adjuvant cancer theramy and in health
faddisen) chronic intoxicaticn has been seen to ciuse hepatic fibresis and cirrhosis
(Muenter et al, 1971 Flcischmann ey al, 1977 Kisrler et ). 1977, Russell et al. 1973,
1974). Storage of vitamun A i1n hepatocvtes and one type of fat stonng, nonghagocytic
pensinusoidal cells (Ito cells (Jro and .Vemoro 1952)] could be demonstrazed by fluo.
rescence mucroscopy. Sumulauon and proliferation ot [to cells, which 1z probably
fibroblast precunsors (Popper and Udensriend 1970; Schnack et al. 1957), provokes an
increase in basement-membransdike matenal and collagen within the pensinusoidal
space and leads to perisinusordal fibrosts wrth partial obliteration of Disse's spaces and
the unusoidat lumen (Hrban et ol. 1974),

The recognition of idiopathic pona; hypertension. hepatic fibrosis, cirrhosis and
angiosarcoma of the liver coexistent with excassively abundant hepauc deposition of
copper (besides evidence of ‘vineyard spraver’s lurg’) in 3 gtoup of 30 vinevard workers
in Portugal is. to our knowledge, the first report in which ¢itronic copper intoxicanon
is implicated a3 the aetological agent, For periods varying (rom 3 t0 45 years, these
workers had been engaged in spraying vineyards with a mixture containing copper
sulphate on | 5100 days per year. The authors noted a close morphological resem-
blance of the lesions to those resulting from exposure to inorganic arssenicals and to
vinyl cidonde (Pimente! and Menezes 1977), Alhough extrinue chronic copper intoxi-
cation is virtually unknown in man, potential hepatotoxicity of long-continued uptake
of copper was disgussed by Blomyieks e1 al. in 1971 in connection wath recurrent
haemodialysis.

Although nonmalignant liver disease seems to be a3 more cormmon lesion in PVC
production workers than angiosarcoma. it has received less attention than the spectac.
ular discovery of tae rare hepatic neoplasm. ln continuation of our first two surveys
(Marsrelier et ai, 1973, 19753, b), we have now (end of 1980) observed 17 pauents

(all members of a torai work force of approxumately 180 polymenzation workers) in
whom clinical and morphological examination, including peritoneoscopy and guided
liver biopsy, revealed advanced portal hyperension (Table 11). A largér proportion of
them first presented with symptoms of unheralded gastrointestinal bieeding. On follow-
up. we strongly suspected that anpomrcoma was developing in four of them but were
ungble to prove it during life. Only post-mortem examination tinally confirmed the
Jiagnosis. In 2 smaller series of seven patients with ftoncirrhotic partal fibrosis and
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Table 11, 17 PVC workers with advanced portyl hvpertension tmarked vewophagedl
vances, epindes ot upper Gl bleeding, splenomegaty)

Age at diagnosis Duranion of ¢xposure Perttonevscopiv and

Na. (years) (vears- months) tistolnmical diagnosn
1 30 5 Nanctrrhore fibrosis
2 31 59 Noncicrhote {ibrosis
3 32 3/6 Nonairr! sue fibrosis
<4 35 + Nonucirrhotie Hibrosis
5a 35 9 Noncirrhoue tibrosis
6 39 10/6 Nonuirrhotic fibrosis
7 39 13/6 Nongirrhouc fibrosis
8 41 7 Noncirrhong fibrosis
94 41 I8 Postnecrotic cirrhosts

104 47 18 Nancirrhotic {ibrosts

il 50 6i6 Noncisthotie fibrosis

12 L3 17 Noncirrhote fibrosis

13 52 15/3 Nonuirrhouc fibrosis

14 5 il Nonuirrhot fibrass

15 §4 6/6 Noncirrhone fibross

l6d L1] 21 Postnecrotic eirrhosis

172 61 13 Noncirrhotic fibrosis

3 On follow.up patients 5.9, 10, 16 and 17 subsequently Jdeveioped angiotarcoms of
the liver and died 3 -6 years after diagnosis of porral hypertension. Patients 6 and
14 are at present { 1981) under observation for suspected development of angio-
sarcoma of the liver, 6 and | | years after peritoneoscopic diagnosis of portal fi-
brosis

associated portal hypertension, Snuch et al. (19752) observed later development ot
angiosarcoma tn one of them. If 3 rough estimate based on these two small sentes were
acceptable, it would appear that approximately one of five to seven individuals suffer-
ing from advanced VCM-induced portal hypertension might be expected to develop
angiosarcoma later, although PVCdnduced hepatic {ibrosis 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 VOM-
induced nonmalignant liver disease, palpable splenomegaly and 2 slightly 1o moderate-
ly eniarged liver may be the only physical signs. On palpation, we found hepatomegaly
in 31 and splenomegaly in 16 of 50 selected PVC production workers who had been
heavily exposed in the past (Marsreller et al. 19753), Lilis et al. (1975) reported hepa-
tomegaly in 15% and splenomegaly in 3.4% of 354 consccutively examined employees
(267 currendy employed, 87 former workers) of one PVC polymerization plant in
New York State, USA, a number which included virtually the entire current produc-
tion work furce. A significanty higher prevaleace of hepatomegaly was found in those
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exposed for more than § years, whereas the Jdifierence in the prevalence of dalpable
splenomezaly was not signuicant.

In contrast to cirrhosts of the liver, chinical symptoms indicanng senous imeair-
ment of fepane funcon such as jaundice, vaseutar spuders. palmar ervthema, wiang-
eciases. Iavcomasna, pemphera) 2ogema 2nd 1scit2s o bagats enceshalopathy are
not seen. Even arter massive biceding ftom oesophageal vances portosysterc encz-
phalepathy does not deveiop. Ascites and hepauc coma have been ahserved in these
warkars only 10 terrunal stages of anposarcoma of the liver.

[t s puzziing that acroosteolyus and scierodermord skin induration have only rarely
precedod advanced stages of VCMldnduced liver disease. To our knowledge there is
only one case of angosarcoma of the liver on record whucl was assocated with pror
development of acroosteolvns (Roche et al, 1978).

4.2 Labomtory Findings

Owing to tite fact that hepatocytes, although being the primary site of merabolism, are
not the wrget of toxucity, standard biochemical liver function tests are oaly of limited
value for the Jeteztion af liver disease in populations at risk (Williams er ), 1975D).
This niakes it very difficult to devise adequate screening programmes (Maren et al,
1974, Creech and Makh 1975, Wrarr eral. 1975, Berk at al. 1975, 1976). Apart from
thrombocytopenia, we found 45-min BSP retengon to be the most consistently pathio-
logical binchenucal test: usually munimal hyperbiirubinaemia and minor elevaton of
the levels of serum alkaline phosphatase. SGOT and SGPT were considerably less fre-
quant (Marsteller et al. [9752). Another dve-removal test, indogyanme green clearnce
(ICG: 0.5 and 3.0 mgrkg), diso proved to be more retizble than standard biochesmical
liver funcuicn tests in correctly iden.i -ing early hepatic injury in 1200 vinyl chloride
workers of 2 chermucal plant in Louisvile, Kentucky, during 3 4-year screening penod
{Tamburro ev al, 1973b). Thie expos: :¢ rank was found to be closely correlated with
progressively increasing frequency o abnommal ICG clearance, whereas the (requency
of abnormaj SGOT, and alkaline phosphatase only increased in {ate stages. often when
there was overt clinical disease. In the survey conducted by Lilis et al. (1979), alkaline
phosphatase levels were elevated in 16.67 of the 153 workers exartuned. In their series.
dlkaline phosphatase was aiso closely correiated with the clinical symptom of hepato-
megaly and/or splenomegaly.

Except for tirombocytopenia (less than 150 x 10° platelets/litre) which Lange
and F'cltman (1977) found to be present in 76 of 100 workers. and a slight increase in
the reticulocyts count (in 35 of 79 workers, Lunge and Feltman |977), hasmatological
parameters usually do not contribute to the diagnosis. Thrombocytopenia was also the
presenung featurs in two of seven British workers with noncirrhotic portal hyperten-
sion (Smith et al. 19763). Thrombecytopenia and abnormal piatelet funcuon tests wall
be dealt with separately in Sect. 4 4.1,

Assessment of udnary exeretion of porphyrins and porphyrin precurson in sympto.
matic workers who had Seen engaged in the production of PVC (n # 23) or the manu-
facture of PVC articles (n = 17) revealed varnng but niostly mild degrees of secondary
coproporphynnunia in the majority of them (Lunge et al. 1976b). The significance of
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these findings as an indication of toxsc liver damage is not clear and the relation to

Vinyl Chi

contrast i

previous exposure to VCM remains to be determuned. pectedly s
is a focal «
4.23 Gross Inspection of the Liver and Spleen opacities.
stellare sor
The gross appearance of the liver, as assessed by pentoneoscopy (Marsteller et al. 'tr.'g (‘wmé‘
1975a. b Marseeller and Lelbach 1977, Lelbacit and Marsteller 1977 ) or at exploratory e‘::::c;?r:
laparotomy, is that of 3 normalsized or slightly to moderately enlarged organ with nective t.i-st
often blunted and irregular anterior edge. Inspection of the liver at pentoneoscopy also i
) ) . ) processes 1.
permuts exclusion of partial nodular transformation as described by Sherlock et al. of more du.
(1966). In most cases, the surface of the liver is smooth or slightly uneven with shatlow - gre seen in
indentations, but it may be finely granular, trabeculated or have a peau d'orangedike :
appearance. At most, there are micronodular changes but the diffuse coarse nodulanty
of currhosis is only rarely seen. Progression to frank cirrhosis with severe Jerangement ¢.24 His
of hepatic lobular architecture was observed by Srmth and Williams (1974), and also
in two of our recent cases in combination with development of angiasarcama. Histologc.’
On palpation (direct or by pentoneoscopic probe), the texture of the liver i1s normal is generally
or only slightly firmer than usual. Indirect pentoneoscopic evidence of portal hyper- sis, strikune
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 abdomu- (Fig. 5a—d»
nal wall. Even in advanced stages, symptoms of pronounced portal hypertension often reacuons, ..
throughout
fibrosis. Su-
tologcal .
1978).
Depenui
3 date of bic;
‘-3; nant liver u
=4 jeet 1o mark
Y ' ations is s.
%‘p’.: Thomas 19~
Jeo LAy 1976). but
-gReb] 'Q (Popper ety
. S ~
: 4241 He
2 kS
’\f?ﬁ{- In its fully
; —"v, __f of dense, put
Ty ¥ bile ducts a:
4 "};15 with formau
2 “‘gq central and s
Y ;d"? Fig. 4. Peritoneoscopic view of left hepatic lobe in noncirrhotic portal hypertension of connectn
. :_'P.-; (January 1979). Blunted antenor edge, smooth to finely granular surface, conspicuous with enlarge
s Fatchy capsular fibrosis. (42-year-oid autoclave cleaner. VCM exposure 1963 =74, nsinusord.
B rice 1973 thrombocytopenia as first sign. From 1974 to 1979, marked progression of pe ;
Rl portai hypertension with splenomegaly and one episade of bleeding from oesuphagesl °“§“l walls. ;
& vances.) See also Fig. § (patient 6 in Table L1) Miiller et al.
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contrast sharply not ondy with nuaimal alterauons of rhe surface but also with unex-
pectedly scanty hustological evidence ot hepatic tibrosis. The most conspicuous feature
is 2 focal or diffuse capsular tibrosis of varying pattern (Fig. 4). prescating as whitish
opaaities. The degres of capsular involvament ranges from ditfuse ty commalike or
steliats sears 10 coarsely retizular and irregularly patchy milkownite capsular thicken-
ing (Mursrefler et al, 1975a). Histology showed that dus focal increase of connezuve
tssue in Glisson's capsule may extend wnto the parenchyma and conneet with septa
extending from enlarping fibrosed sorta) trzats tPopper and Thomas 1975), The con-
nective tissue capsuie of the enlarged spleen also secns to be sensitive to VCManduced
processes that have taken place in the undetlying tussue so that focal white thickening
or more diffuse opacinies together with gircumsenbed subcapsular haemorrhagic cysts
are seenan cases with marked splenomegaly.

4.2.4 Histology

Histoiogical exarmunation of biopsy specimens shows that normal lobular architesture
is generally mantauned. but varying pattems of porta) and, 1n some cases, septal fibro-
sis, stnking intralobular perisinusoidal fibrosis, and focal capsular and subcapsular
fibrosis are found in sombination with peculiar alterauons of sinusaidal lining cells
(Fig. Fa—d). Hepatoceilular changes usually play 1 negligible role and inflammatory
reactions, if present at all, are inngnificant. The lesions are distributed quite Irregularly
throughout the liver and may vary from munor inconspicuous degrees 1o quite stnking
fibrosis. Surgical wedge biopsy of sufficient depth appears 10 be more suitable for his
tologed evaluauon than needle biopsy specimens (Snur/ et al, 1976a: Blendis et al.
1978).

Depending on lengeh and degree of exposure. interval between last exposure and
date of biopsy. as well 25 individual factors, hustopathology of VCil+induced nonmalig-
nant liver disease is represented by the following fearures whese manifestation is mitb-
jest to marked interindividual and topical vanianon: the same variability of tissue alter-
auons is seen in the nontumorous areas of the liver in angiosrcoma (Popper and
Thomas 1978 Thomas et al, 1975: Berk et al. 1976; Gedigh et al. 1975 Weinbren
1976). but in these cates the nontumorous lesions may be even more conspicuous
{Popper et al, 1973),

4.2.4.1 Heparc Fibrosis

In its fully Jdeveloped form, minimal to marked enlargement of poreal tracts by excess
of dense, pauciceilular connective tissue, which in advanced cases contains prolifersted
bile ducts and some periductular inflamumation, may in rare instances be combined
with formation of periportal septs linking portal tracts or, even more rarely, coanect
central and portal canals. Other porsal aress appear almost normal. Focdl accumulation
of connestive tisue in the thickened Glisson's capsule may be connected by septa
with enlarged infracapsular portal tracts. A more striking feature i3 an intralobular
pensinusoidal ‘netlike’ fibrosis with mace or less prominent collagenization of sinus.
didal walls, in some aress even progresung to frank capillasization (Gedigk et al, 1975
Muller 2¢ al. 1975). The focal intrasinusoidal fibrosis may be subtie and in some cases
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Fig. Se. Focal portat fibrons fleft upper comer! and reticulated perisinusoidal fibrosis
with activated proliferat:ng and pleomormphic sinusoida! lining cells. Trichrome (Gold-
ner) stan, blue filter. x 2£0. d Conspicuous foval dilatation of nnusoids. Activation
and maodenyte polymarphism of profiferated hy perchromatic sinuseidai linung vells.
Enlarged hepatocy tes with .1y perchromate auclel, some of them binuciear. ( Patenual
precunor stage of anposarcoma’) Courresy of Professor Milller-Wallrat, Institute of
Patnology, Amberg. H & E. x 400
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4 . W.K. Leibach and H ) Murtclier

ma) be recognized only in connective tissue stains. Tric/e et al. (197%) pointed out
that in one wvorker with severe acroosteolvsis but normal hepatic function and essen-
tially normal liver histology on light microscopy (except for a mimimal and easily over-
looked increase of pensinusoidal collagen in oceasional lobules), electron mugroscopy
revealed a striking centrilobular increase in collagen between hepatocites and w Disses
spaces together with proliferation and hyperplasia of sinusoidal lining cclls (se2 also
Kurokawa et al, 1977). The same ultrastructural deposition of perisinusondal cotlagen
was observed by Schiztrenderg et Al (1977) in 15 PVC workers in whom we could ob-
tan liver tissue for electron mucroscopy at peritoneoscopy. Similar changes (enlarge-
ment of Kupffer cells, abundant deposits of collagen in the Disse’s space and resuiting
reduction of sinusoidal diameter suggesting a possible factor in the pathophysiology

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

4.2.4.2 Sinusoidal Lining Cells

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

4.2.4.3 Heparocytes

Unimpressive, nonspecific, degenerative and adaptive lesions (such as minor degrees of
fatty degeneration, cloudy swelling, ballooning or vacuolar degeneration, increase of
lipofuscin pigment and proliferation of smooth endoplasmaatic reticutum of hepato-
cytes in focal areas without inflammatory reactions), can be seen to disappear gradual-
ly with increasing intervals berween the last exposure and the date of biopsy. in con-
trast to the apparendy irreversible damage to mesenchymal structures (Gedighk et al.
1975, 1977, Muller et al. 1975). In poorly demarcated areas there is hyperplasia and
hypertrophy of hepatocytes with polyploidy and increased number of binucleared
cells, Two types of focal hepatocytic proliferation associated with varying degrees of
sinusowdal cell alterations were recently 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 Histology of the Spleen

Unless splenéctomy is carried out in vinyl chloride disease. tissue specimens of the
spleen are less easily obtainable than liver biopsy material. Popper and Tliomas (1975)
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and TTiomas et al, (1975) found the cut surtace of surgically removed enlarged spleens
to be charactenzed by conspicuously hyperplastic Malpighuan tollicles in 3 beery homo-
geneous red pulp. Histologically, they noted large germunal centres of the Malpighuan
follicles with merging of perifoiliculur zones. dilatation of red puip sinuses hinzd by
endothelial cells of vanable. often cubmidal shape, thickening of the puip cofds with
occastonal {resh haemorrhages, and in one case GandyGamna bodies, but oaly incon.
spicuous fibrosis of the red pulp.

In ten cases we obtained needle brooyy specimens of spleen tssue a* peritoneoscony.
Heusermann and Seurre (19774) and Stuere and Hewsermann (1978) studied this ma.
tenial, together with spleen tissue specimens available from three spleens obtaned at
splenectomy. They found evidence 107 an invoivement of the spleen in the {ibrous
process. Excess amounts of newly formed extraceliufar elements of reticular connec-
tive nssue. notably coilagen, produced by stimulation of fibroblastic cells of the red
and whute puln. parmicuiardy in perifollicular and subcapsular 3rezs. were observed.
There was scarnng of penartenal lymphutic sheaths. obliteration of the pulp cord
meshwork and reduction of pulp cord volume, in addition 10 an increase in Aumber
and dizmeter of sinuses. The reticular connecuve 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 eontuning ieregularty diseributed
collagen fibnls. Narrowing of the 3byrinthine cordal tissue with marked increase of
the reticular connective tissue caused a reduction of microdreutatory sequestration
volume with parallel decrease of the number of pulp cord macrophages and approxi-
mation of capillasies and sinuses. Frequenty, focal acewnulation of platelets was
found within the narrowed pulp cordbed in addition to increased phagocytosis of
thrombocytes by residual macrophages. This lends support to the hypothesis of en-
hanced pooling of platelets in the spleen (Heusermann and Srurte 19772), and may
hely to explain the pathogenesis of thrombogytopenia often seen even in the eardy
stages of vinyl chlonde disease. By structural analysis of histomermcy resuirs, Sturre
and Heusermann (1978) oudined certain diagnostic criteria for the differentiation of
VCM-induced splenic alterations from those seen in portal hypertension due to cirrhosis
of the liver or extrahepatic portal vein occlusion. They conciuded that fibrotic changes
in the spleen in vinyl chloride disease are not the result of portal hypertension but in.
dicate s pamary acnon of VCM or its metabotites on the spieen. A comprehensive re-
port correlating clinical and morphological data gathered from this group of 13 pa-
tients is being prepared for publication at presant, Results of histomwerical studies of
the splesn in noncirrhotc portal hypertension of urknown asticlogy are aow avail.
able for comparison (Seki 1965; Yamamoro 1978, 1979).

425 Pathophysiology of Portal Hypertsnsion

The pathophysiology of portal hypertension in VM -indused liver disease is as yot an
urresolved problem. Patency of the portal vein was demonstrated in all cases subjected
to spienoportography. Portography usually showed no or only minimal derangement
of intrahepatic vascular pattern such as tzpering or ‘cut-off” of small penpheral pontal
venows radiclcs (Slendis et al. 1978; Villensuve et al. 1976). High intrasplenic pressurs
and 2 normal, or only dightly rised. wedged hepacic vein pressure indieate that the
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portJl flow is obstructed at the sinusoidal or presinusoidal level. In a group of five PVC
workers selected for haemodynamme studies, 8lendis et al. { 1978) could not deman-
strate a direct relstionshup between the dezree of hepatic fibrosis in needle biopsy spev.
imens and portal hypertension. But it should be kept in mind that the distnbuton of
fibrosis in these workers is quite irregular. It has also been suggested by Popper and
Thomas (1975) and Thomas et al. (1975) that the increased splenic and hepatic blood
flow 3s a result of decreased splenic resistance in splenomegaly cannot properly be ac-
comodated in the hepatic portal vein bed owing to impairment of acipuve disiension
of portal veins and sinusoids by the subcapsular, portal and pensinusoidal fibrosis.
Blendis et 3l. (1975) found no correlation between spleen or estimated hiver blood

Fig. 62, b. Progression of noncirrhotic portal hypertension despite termination of ex-
posure. Oesophageal varices. (Autociave cleaner, age at diagnosis: 35 years. VCMeex-
posure, 19621972, 1972 Rayaaud's phenomenon, skierodermoid skin indurations.
thrombocytopenia. splenomegaly, and grade 1 oesophageal vances. Gradual progression
of portal hypertension, Sudden death from ruptured anaplastic angiosarcoma of the

liver i)n June 1978, Histologically only mild perisinuseidal fibrosis in nontumorous
areas
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flow and the portal pressure. However, they point out that thus relatioushup may be
veiled by the unount of blood bypassing the liver via a collateral circulation.

4.2.6 Follow-p of Nonsmalignant VCManduced Liver Diseass

In 1973 Marrin et al. (see 2iso Bcrk et al. 1975) pomnted out that VCM-associated hepa-
tic {1orosis. once 2stablished. may progress even Jiter cessauon of exposurs. They
could demonsirate this progression despite nomalization of all rouniae liver furcton
testsn a 27.vear-old worker on a followap exanunzion including pentoneoscopy and
biopsy 2 1/2 vears after cessation of exposure. Progression of fibrosis and aspearance
of bndging between portal and central veins were indicanuve of persisting actvity of
the fibroblastic process, whereas the previously observed activation of both hepato-
cytes (marked vanation of cell size and numerous binucieated cells) and sinusoidal lin-
ing ceils had disappeared. Since 1973 we have observed 3 number of workers who on
{ollow-up showed evidence of progressing portal hypertengon with development of
massive oesophageal varices and subsequent bleeding episodes despite removal from
exposure (Fig. 6). In five (77) of these patients with progressing portal hypertension angio-
sarcoma of the liver finally developed. In thus context.it is of interest to note that more
or less conspicuous hepaue fibrous (of rare progression to currhosis) was the parental
terrain in which the majoriry of cases of VCM-nduced anposarcomas of the liver devel-
oped (see Tables 13<18).

Liver and spleen scans with #9M technetiumdatelled sulphur colloid, quanttated
determination of splesn size with the ud of '?7Hg-bromomercury-hydroxypropane
(BMHP) labelled artificially damaged red cells, and sequenual perfusion scinugrams
after bolus injection of 9™ Tc.pertechnetate have been found useful 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 reticuloendotheiial system of the liver and enhanced uptake in the spleen, gradual
increase in spleen size and reduenon of portal venous perfusion have been observed in
PVC polymerization workers developing ponal fibrosis and portal hypertension ( Bicr-
sack etal, 19752, b, 19772, b).

43 Angiosarcoma of the Liver
43.1 Epidemiclogy

Primary angiosarcoma of the liver (ASL) is described under 3 variety of synonyms
(angioblastic sarcoma, angioblastic reticulosarcoma. endothelioma, endothelioblastoma,
haermangioblastoma, haemangioendothelioma, haemangioendothelial sarcoma, Kup(Ter
cell sarcoma, malignant haemangoma, metastasizing haemangioms, reticuioendothelial
farcoma, primary sarcoma of the liver). It is an exceedingly rare malignancy. arising from
vascular liming cells. {t oczurs spontaneously with two peaks in the age distribution:

one at early infancy (infantile haemangioendothelioma) and the other in late adult.

hood (fourth to sixth decale). The numerous synonyms render it difficult to estimate
the number of reponted cases and to determine its true incidence. In a recent review
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A et al, 1974a; Creech and Johnson 1974). observed
ey : Undl 1974, only two carcinogenic agents were known to be associated with the other han
. {:.:P:@ development of ASL in man, i.e. the administration of a radioactive colloidal prepara- 391 auto;
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won of rhorm Jinxide (thorotrast) for diagnostic purpuses. and chronic exposure (o
invrgne arscincals. Both substances are stored maunly in the liver: injected thorium
diowde particles are rapidly tzken up by phazocytic c2lls of the reucuioendothginl sys.
tem and are permanently retained: arsemicais are only slowly reieased from the liver.

Thorotrast came into use in 1928 and was intemanonaily ertploved 15 an injectable
contrast medium unuf the mud-[950s, wien 1rs use was sbandened decause of mount-
ing avidence of the carcinogenic action of thonum Jdivoxde deposits. Mactuhion er al.
rezonted the first case of thonum Jioxide-nducsd ASL in 1947, Since then ASL has
been the type of liver tumour which occurred most frequently among panents who
had been given thorotrast injections in the past (dg Sitva Horez 1967 Ja Silva Horta
and Horrg 1967, Wegener et al. 1971, Fuch and Pirske 1974, Selinger and Kuyf 1975).
A spectal type of progressive porral and subcapsular hepane fibrosis was another lesion
caused by thonum dioxide rerained in the liver, da Silva Horte (1967) connidered this
thorotrast fibrosis” to be clearly distinguishable from true cirrhosiss. Gamma radiauen
from a lost radium needle has also been implicated as 3 causanve agent in one case of
ASL(Ross 1932),

Deveiopment of ASL s a late complication of clironic arsenic meoxication in Ger-
man vinevard workers was first described by Liebegort (1949, 1952) and has been ex-
tensively documented by Roc/t (1956, 19572, b, 195%). During the 10-year period,
19501959, autopaes of 82 Moseile vintaers suffenng from chrome arseme ntoxiea.
tion revealed ASL in § cases among 2 total of 61 individuals (749%), with cancer often
of muluple sites (Roeh 1959). In 1925, asenic insecucide sprays and dusts had been
approved for use 1n German vineyards but they were banned by law in 1942, Exposure
octutred not only via inhalauon dunng spray periods (approximately 30 days/year)
but natably by daily consumption of quantities of cheap grape wane (*Haustrunk’).
produced from a second pressing of the grape skin resdue by addition of water. Thus
Haustrunk, aa allowance i kind to the vineyard workers, had a iow alcohol content
(3%~3% v/v) but contaned high leveis of residual anenic (02—6.9 mg A3.0,/ltre),
Roth (1956) caleulated the mean total ingestion of At3Qy t¢ have been §3.7 g (range:
13.6-88.8 g) for a 1 2-year period. ASL was also seen after long-term treatment with
Fowler's solution for psonasis (Reyefson et al. 1968; Lander et al. 1979),

Chowdury et 3. (1977) reported an anecdota case of appanently bemign diffuse
haemangioendotheliomatosis of the liver with considerable fibrosis and portal hyper-
tension but normal liver function. This conditjon was found in 3 middle.aged black
woman who had been exposed to various chemics} fumes (including carbon tetrachio-
ride) during 20 years in 2 dry<lesning establishment, though it must be noted that she
had 3 high alcohel consumption. The possibility that these symproms could have Been
manifestations in later life of congenntal disease cannot be ruled out,

The proportion of patients with ASLin whom a pertinent history of exposure could
be elicited has varied considerably. In an eardier sucvey of the literature covering the
peniod 1875--1960, ran Becker and Bizxeher {1961) Yisted 12 of 54 adult cases with 2
history of exposure to eitker thorium dioxide {T) or arsenicals (§ of Rorh's cases).
Among more than 15 000 autopsies performed in Bona Jurmyg 19501959, all 8 eases
observed were found exclusively in vintners exposed to arsenicals (Roch 1959). On the
other hand, Fieciimer and Ryes (19785) recenty observed a cluster of 4 cases amang
391 autopsics during a 29-month period at a hospitai in rural central Wisconnn serving

4y :r'r:z-" ARt Aty

s

g Bee L AreR

-
-

n
{1 -7,

ISR

.-'

STAVENS L ver

Ty
e

fx

AT,

AT

[
An ™
b

iV an
i)

5 IR R gre g
~ ) :‘f“‘-'-‘:l.i -

[RLEF TY VLR
HTTOR *

-

Y
-~




[\1V]

Tabie 13. Personal data of 68 palvviny! chlonde production workers with anmiosarcoma

WK, Lelbach ond H.J. Munteller

ol the Iner reported to NIOSH up (o August 1978 (Spireas and Kavmske 1973

Dats of Total
Birth date deuath Age at rear lob .
No Counin?  (m/dy) tmyd:y) death exp. clasaiticaon®
1 Bl 01.32.13 06.29.76 63 17 1.2
2 cNDO DY 12.15.13 09.02.55 41 i 1.2
) CND ) 03.06.14 12.21.87 43 14 2.312,13
4 CND(3) 08.26.19 032262 42 20 25
5 CND (3) 04.05.19 01.21.68 +8 a2 .25, 14
6 CND ¢5) 05.07.11 07.05.68 56 L] i, 14
7 CND (6) 12.15.19 04.10.71 51 a3 1.12.13.15
8 CNDT) 11.09.19 12.24.72 52 25 1.9.17
9 CND(® 05.13.20 06.12.93 33 5 1.12.17
10 CND(9) 07.19.21 09.03.74 53 26 3. 1216
I CND(10Y  05.16.15 0+4.00.77 61 14 2.16
12 CSR(1)  00.00.28 120073 45 16 !
13 CSR«  0000.26 000066 40 15 1
(647) 3™ (147)
14 D() 06.04.30 01.25.69 33 12 2
15 D) 07.26.31 121371 39 11 2
l6 D& 09.04.30 11.25.74 d4 17 2
17 D% 01.01.32 01.09.7% 43 12 P
18 D7) 09.29.26 11.13.7§ 49 12 11.¢1)
19 Dig) 10.19.17 12.25.75 58 -1 2
<0 D 12,1334 03.23.78 +2 15 10
21 D«10) 07.23.29 06.28.77 47 2 10
22 D(Ih }2.29.36 030777 41 16 10
. Dud 06.14.38 10.07.77 39 6 1
24 F() 04.15.24 02,1967 43 19 1.2
25 F(2) 06.03.11 01.24.75 63 12 2
26 F13) 01.06.20 06.26.75 55 29 2
27 F (4) 01.27.27 01.03.76 49 26 2.6
28 F(5) 01.29.38 05.13.76 38 Il 1.2
29 F (6) 04.14.34 09.11.76 42 13 6.7
30 F(D 00.00,27 07.02.76 49 n -
31 F(3) 040134 01.30.77 42 19 -2
32 F(9) 10.08.14 12.28.77 62 -8 2
33 F(o 05.24.19 01.20.78 $8 21 2
kL) GBI 04.20.01 12.03.72 71 .- 8
35 GB(3) 06.0237 12.24.74 37 4 !
3127
36 1(3) 11.13.29 32277 43 6 P
37 1§k 03.14.20 07.10.75 LE ol
38 n 08.01.22 10.24.75 52 2
39 1(2) 03.02.29 08.10.76 k¥
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* o
Husarioma Table 13 tcontinued) “ = o
g
—_— . Date ot Totl %‘J 4
Birth date death Age at year Juoh, , ad *
No Counrryd 'm/-.t.'y'b tmid'y) death enp dsahwation® \ -
. N 4 ”
ki 3 s 062337 102070 43 13 2 1 {
11 SR 06.10.10 031976  6f 2 M : . %
L TPy 10604 051277 62 31 L R
1213 44 USAID) 10173 030373 49 b3\ 9 . B v—"
" 45 USA (D) 08.19 33 09.27. M 37 - 13 9 s - z—-
i1 46 USA (3 05.25.15 12.19.93 38 h:] 10 - r ¢ Bt
- 47 USA13)  OLISI3 010768 43 15 10 o - g
213,15 38 USA(S) 012512 040964 82 : 10 . | BeER
17 49 UsA1&)  11.23.28 072475 46 12 10 B
T S0 USA(T)  0§.03.23 03.23.68 a3 17 . . B
e §1  USA(S)  0506.20  08.2861 4] is ~ B SR
. fnd Usa %) 11.08.51 03.00.78 <3 PR 9 (D . , . M
53 USA(1)  08.16.13 05.10.68 55 17 s B {
54 USAa{ll) 05.27.0% 03.16.70 61 23 . R [ o
L] USAI2)Y 101718 05.02.69 0 19 fiin
56 USa(ld) 120121 07.04.73 52 <3 Foak vl
v USA¢i6)  11.04.27 03.27.69 41 4 P
‘ 53 USA (17 05.06.31 1978 alive 43 19 . &:
v 59 USA(18) 042228 11.02,75 46 1 " BT
60 CSA (19  00.00.15 04.06.76 60 22 ,tx
I 61 USA120) 0831.17 01.30.77 53 21 25Xy
i 62 USA:ll)  09.01.09 01.02.77 47 2 .
63 USA D) 10.02.2 12.04.76 2 =3 : 2]
64 USA (I3  00.00.22 0+.06.73 50 1+ B i
65 USA(Z4)  05.07.17 08.2777 60 a6 e
66  USAI25) 080700  €3.10.77 67 20 T
&7 USA (26)  7(1978) (1979) T(I978) ?(1978) [l
68 YU(I) 040514 080473 9 20 1,2.§ o,
LA™ ead
1 f{._‘_“t_;
3B Belgum I laly "1;.:
CND, Canads. 1. lapan el
CSR. Crechosiovakia N, Norway 3
D, West Germany S, Swaden Z Le;-_-"
F. France USA, United States of Amenca o
GB., Great Briin YU, Yugosiava. sy
5 00 daa not availadle. ’ s
€ 1.3utoclave cleaner 10, polymenzauon worker R
3. autoclave operator, 11, technical assistent :'-;.‘fﬁ
3.pipe fitter 12, maintenance worker ' i3 ;34
4, polymenzer 13, millwright : Baded
$, foremas 14, watar cooling unit . Bt
6. ‘filtreur’ 15, reager : S et
7. 'préparateur de solution’ 18, lurnace operator . T
8. process worker 17, machune shop worker L Ko
9. chemicul ooerror -xﬁ; .
« ir‘!‘-‘?ﬁﬂ'
(Tabies 1315 are compded with the aid of informauon contained in the literature; "55"" Y

— references see Table 15) ' o i
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62 . W.K. Lelbach and H.J. Marsteller

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

Death ceruficates for the periods 1963-1973 in England and Wales and 1965-1973
in Scotland recorded 41 cases of ASL (1-=9 cases per year: mean: 4 cases per year). An
unexplained peak was observed in 1963/1969 (Baxrer and Fox 1975). Six additional
cases not mentioned on the death certificates were detected by a panel of specialists
(Baxrer et al. 1977), In reassessing 36 of these 47 patients for whom histological sec-
tions were available, the panel of histopathologists unanimously agreed on the diagno-
sis in only 14 cases (7 doubtful, 3 unclassifiable, 12 non.ASL). For 12 of these 14
cases occupational and residential histories were obtained which revealed one un.
doubtedly VCM-induced case. two cases with possible exposure to (low levels of?)
VCM and one case attributable to thorium dioxade.

After the first three cases of ASL among vinyl chionde polymerization workers 1n
the United States had come to the attention of the National [nsttute for Occupauonal
Safety and Health (NIOSH) in January 1974 (Lioyd 1974), this institution continued
1o collect information on additional cases reported to them from natons 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 polymenzation workers
(Spirtas and Kaminski 1978, pers. comm.); another eight cases had been observed
among nonpolymerization workers exposed to VCM in vanous jobs. On the basis of
this data collection communicated to us in 1978 — for which we wish to thank Drs.

R. Kamwinski and R. Spirtas, NIOSH, Cincinnati, USA — we attempted to trace these
cases and their individual symptomatology as well 3s other relevant information pub-
lished in the literature up to 1979 (see Tables 13=18), The ten Canadian cases of
VCMiinduced ASL (cases 2~11) are dealt with summarily in the papers published by
Delorme (19783) and Delormc and Makk (1975); seven of them were described in
mote detail by Makk et al. (1976). Cases 19 and 23 were observed at our clinic in - unn
but details have only been published for case 19 (E.U. in Lelbact and Marsreller 1977).
In reviewing the literature we could not trace cases 37—40.43, 50, 51, §3-67 and
C.F and H. According to the latest annual report of the Staatlicher Gewerbearzt,
Ditsseidorf (Reind et al. 1978), the number of deaths from VCM-induced ASL in the
Federal Republic of Germany had increased to 16 by the end of 1978, to which we
now add a 1 7th cass (Figs. 8 and 9).

In retrospect, it was discovered that the first case of VCM-induced ASL had already
occurred in 1955 in a Canadian polymenzauon worker. For the 67 VCM polymeriza-
tion workers for whom details were available, total years of exposure ranged from 4 to
31 years (mean and medhan 18 and 19 years, respectively). In comparison, mean dura.
tion of exposure 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 yean). The latency period
(years from first exposure 1o diagnosis of ASL) ranged from 9 to 38 years (mean and
median: 21 years). The average age st diagnosis of ASL was S0 years (range: 37-71
years).

Tahie 14. Clinical snd morphological data on b8 polyvinyl chloride (I

1o NIOSII by August 1978

VC) production workers with angiossrcoma of the hiver reported
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Table 14. Clinical and marphotogical data on 88 polyvinyl chiuride {1'VC) production workers with angiosascona of e lives icparicd
to NIOSH by August 1978
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WL Table 15. Publications on the 68 cases of angiosarcoma of the liver listed 1n Tables 13 Table 154
e and 14 No. Re
+ No  References Additional relevant infarmation s Re
N ‘ ! Hubleretal. (1977 Hypertrophic. hyperchromatic and ats pical endothe-
R lial cetls in the glomerult; foc1 of haematopoetic cells 28 Rut
il in liver and spleen )
N ol
A 5. s
Ryt 3
-;5?‘ wt. 4 | Delorme and Makk 29  Ro
ol 5 {1975) Case no. 7: ASL associated with hepatoceliular
- 4 6 ) Makk eral. (1976) carcinoma (Delorme 1978b)
el 1 ( Delorme (1978a,b)
i o 8 Dfl.onm and (All cases from one plant in Shawinigan. distnict
Ay 9 Thenaulr (1978) Trois Riviéres. Quebec)
¥ 5 10
- - r'd
At )
AR
:,%m < 12 Schmudt and 84tora At the same plant: 4 cases of VCManduced cirrhosiy 10
JHF,I - (1976) of the liver plus | case of virrhosis und gzneral:zed 31
" B 13 reticulosarcoma and 4 cases of carcinoma of the Gl 33 Ber
+ eI tract or lungs 33
) ' E 14 , Lange et al. (1974b) See also Remnl and Weber (1974) 34 Le
3L See also Reinl and Weber (1973)
T 15 f Gedigk et al. (1975)
g i . 5 Sm.
LA Y 16 Gokel et a1.(1976) Foci of haematopoests within the tumour areas
[ S . M.
‘\B:‘- 17 Amann (197%5) 1974 portocaval anastomosis: cholecystectomy. 36 M
;‘,:_1: Ribsamen (1976) Hypertrophic. hypen.hrom:th. and markedly atypical 37 -
l Y endothelial cells in the :Iameruh and-in the capillanes
\ of the lungs 38 -
N A ! 9 -
: ﬂﬂ: 18 Ramletal (1976) }
¢ SIE' ; S . _ 0 -
P 19 (Observed in Bonn) Moderate hepauc siderosis: chronic fibrosing pancrea-
VA ", fitg: tubular and interstitial fibrosis of the resres a1 By.-
I o
EE S 20 Reinleral. (1976) 42  Byr
eI 21 Remnleral. (1977)
o9 i 2 Rewmietal ( l‘977) 43 -
A 23 (Observed in Bonn) Focal interstitial fibrosis of the pancreas 4 Bl
B 24 Ravieretal.(1975)  Seeaiso Berrod et al. (1978) (e
" r s
b -
:; A } 25 Roche et al.(1978) 1942 gastrectomy. 1974 spleneciomy. right hepate &5 Blo
Do B2 lobectomy (640 g). See also Roche (1977); Puech et (ca
-+ .E':*' al. (1977).Bonneton et al. (1975 1977). Berrod et :
AR al.(1978)
By ) f; 6 B
h oy te 26 Rety et al. (1976) No autopsy (see also Berrod et 3l 1978) (ear
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Table 15 1continued

No. Reserences

Additional retevantantonmation

27 Roche 2031.11978)

-3 Rocie etal. (1978)

9 Roche er 3l (1978)

30 )

il

32 5 Berrod et 3l.t1978)
33

33 Lee and Harmy (1974)
3% Smuth etal, (1976b)

36 Maltont (1974)

37 -
38 -
L '
40 -

Chronic slcoholic. See also Rache (1 19771 Puech et
al. (1977): Berrod ¢t al. (19°8)

First svmptom: vertebral and ostal metastases. Right
hepatic lobectomy. See 1lso Rocie « 1377). Puech &t
Al (19T Bilichowska et 3l (1979); Coudere 2t 3l
(1976), Berrod 22 4L (1978)

1960 sclerodermatike tkin induration (hands), swell.
ing of face. upper exteeauties and teet. 1971 biatern
acroosteoivsu. Tumour penetration of the abdominal
wall (fistula). Severe anterstitial fibrosis of resres:
fibrosis of intesstitial wail, slizht mesangal fibrosis of
glomeruli. Vanabie bur generally shight tibronvalinosts
of artenal and venous vessel walls (skin, heart, lungs,
intestine, testes)

Latency penod ( 15t exposure =~ death) only 8§ yean
{ses also Fox and Collier 1977)

41 Byren and Holmberp (1975)

$2 Byréneral. (1976)

&3 -

44 Block (1974)
{case 3)

45 Block (1974%)
(case 2)

46 Block (1974)
{case 4)

1965 portocaval shunt. 1970 cholecystectomy. See
also Falkwt al. (19732) (casa 4); Whelan et ai. (1976)
(cam 1)

No autopsy. See also Creech and Johnson (1974);
Falk et al. (1974a) (case 3): Whelan et al (1976)
(cass 2); Makk et al. (1976) (case 6)

Sex also Falk et al. (19743) (case §); Makk et al.
(1976) (case 10)
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70 W.K Lelbach and HJ Manteller

Table |5 (conunued)

No.  References Additional relevant intormation

47 Block (1974) Sce also Falk et al. 119720 tuase 2); Makk er al,
(case 1) (1976) rcase 4)

48 Block (1974) See also Falk et al. (19732) (case 1) Mukb et al

(case 5) (1976) (case 2)
49 Block (1973) Sce also Falk et 2k 1 197400 tcase &) Whelan et af.
{case 6) (1976 (case 4); Makk et al. (1976) (case 14)

50 -
51 -,

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

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

53-67 -

68

Zoncaetal. {1975)

Among a work force of 1801120, PVC polymeriza-
tion: 60, production of VCM) employed at this plant,
1§ died of mabgnant disease (2 ASL. 5 bronchogenic
carsinomas, | case each of carcinoma of the laryny,

nb, mamma. spermatic cord: ghoma, metdanosarcoma,
leukemia, Hodek:n's disease)

First exposure to VCM for these 67 cases of ASL dated back to the period 1939-
1966 (median: 1951). Twenty-one years later, i.e. from 1972 onwards, a gradual in-
creasz in the number of new cases diagnosed and reported to NIOSH can be observed
(Fig. 7). The onset of this gradual increase coincides with the calculated mean latency '
peric " of 21 years (Spirtas and Karminski 1977), Spirtas and Kaminski also suggested
that :n future cases the age at diagnosis and the length of the latency penod may in-
crease as a result of the later reduction in levels of exposure.
From the synopsis in Table 1318 it can be seen that in about two-thirds of the
- cases of ASL for which morphoiogical details ase available varying degrees of associat-
¢d hepatic fibrosis in nontumorous 2reas of the liver were mentioned. Less often, evi-
dence of portal hypertension and splenomegaly were noted. Metastasis of angiosarco-
ma to distant sites was observed in approximately half the published cases. It is of note
that acroosteolysis and cutaneous stigmata of scleroderma have been observed in only
1 of these 76 patients, 3 French PVC worker who had apparendy not been engaged
in reactor cleaning (case 29; Roche et al. 1978). Another noteworthy piece of infonma.
tion is that strikingly atypical endothelial cells with hypertrophic and hyperchromatic
suclei have also been found in organs other than the liver (kidneys, lungs) in autopsy
material from two patients (cases 1 and 17, Hublet e al. 1977, Ribsamen 1976).
Hublet et al. (1977) also found such cells in the myocardium and in the adipose tissue
enveloping the adrenals. All this may lend support (o the idea that the elfect of VCM
metabolites is not restricted to the vascular endothelium of the liver and spicen. Angio-
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telier Viavi Chlonde-Associated Disease ™ i/ ’ .
Table 16. Personal data on eight 235¢s ot anposarcoma of the fiver 2mong VOM=x- s
poted personnel not 2mploved in PVC producuion (as reported to NOSH by August K1
— 1978 i
o b
! Date ot Totat v
Birth 43{,‘ death Agzar vears  Job
al No  Country (m-d'y) tmidv) death =xp. classificauon
A D3 0% 16.30 10.10.73 -3 [+ Loading pesuciue cans
Y with VO propelizne
B D6) 05.09.36 12.16.74 58 35 Assistant factory o
vhemst
C GBt) 09.0814 12.00.70 5% 11 Pouring PV'C ol mix-
o (zase fure onto fabnc bases
"D Lih 06.15.33  04.16.71 36 3 Fabneanon of PVC
sacks ind wrappings
(extrusion at tempera-
wenzi. tures of 120°C)
rorme. E S13 11701 08671 61 13 Assistant factory chem.
ATYRAL 15t (production of VCM)
-areama. £ USA(15) 000025 021573 47  ? Accountant at plant
S producing PVC {abne ﬁ,%%
G YUY 111831 07.12.73 42 18 Production of VCM _‘,'
11039 PR Lol
‘n H o YUiD 122131 OL1L7 4§ 2T Producton of VCM St
~erved a N T I : (‘-:; .
| lateney Update of NIOSH repster, August 1978, prepared by Aaminski as in Table 13, TS
) ¥ ® 00. data not availabic -
sested b s
™y - BY e
vl the sarcoma arising from the kidneys or other types of malignaat renal neopiasms, how- 7 AT
Jsociat. ever, have not been deseribed in VCM<xposed individuals, although malignant nephro- "&: 7
‘fun, en blastoma has been induced in expenimental animals. ety
10531C0- The extremely rare coincidence of angiosarcoma and hepatoceilular carcinoma was _f __"",‘-
*1 uf note found in tiree instances (case 7, Delorme 1978b: case E, Byrén and Holmbery 1975, [ S
| in only and a caxe notincluded in the 1978 NTOSH update Tamburro et al. 19732). In the P oy
?’??Fﬂ case reported by Tambumo et al. chronic algoholisin may have played a cofactor role K
finforma- in the development of liver cancer. We can now add a fourth case observed in 1978 ¢ “Fg
hromatic the Department of Medicine in Bonn (see Sect, 4.1.5 and Fig- 3). This patient (patient T
autopsy 9 in Table 11), 2 PVC-poly merization worker (total penod of exposure: 13 years) was . Xy
176). first admitted to our department in February 1975 and was found to suffer from atyp. . o
e tissue ical cirrhosis of the liver with portal hyperteasion, splenomegaly and Raynaud’s phe- _ Fr
of VOM nomenon. During followup ASL was clinically suspected but could not be confirmed ) A o
on, Anpo- during life, despite exploratory laparotomy and generous surgical biopsies. The patient . ‘_;A y
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Table 1 7. Qinicat and morphological dals on cight cases of angiosarcoma of the liver sanong VUM xpused perse anel not cisployed i 1
PVC polymerization *
licpato- Ocsophaged  Hepatic Thrombo- Acro- Raynamb's
No. incgaly Spleen vasives librosis cylopenn ostealysis phenomenon Melstaws
A + Spleno- + tonal ¥ '] }‘ Biapheagm, gatric macoss,
(6000 g) anpaly fibrosis abdommal Iymph nodes
8 + Splkena- ¢+ Focal capssdar g A ) Digphragn. pleura,
(3650g) wmcpaly (425 g) fibrosas, ponal sbidomnal fywply nodes
and ceatrotobular
Nirosis
C
D (+) - Notenlsrged § ? ? I'§ g Lungs, pesicardium
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(104 000)
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. 1
Tabie 18, Publications on the eight Cases ot sngiosarcoma of the hiver histed in Tables 1
i6and 17 .
[ 13
No  References Addional retevant informauon -
.
A Reinl and veder 1967 wdinpathue portal its fertensian. portoceval Y
11974 shunt \_,.;
8 Zimmermann and Eck 197} nght heminephrectomy {or unilatz-al Wy deo- -
t1975) nephirous assowviated with bilareral Jouble Aidney vy
Remi(197%) Foe: of haematopoene cells in spleen and Kidney. .; .
Fibrosis of the pancreas. Slight fibrosis of testes and —
of the small intesnunal rerasa Acn
c' -
1
D Maltone 11874} Auropsy” angomarous rpulis. Angiosarcomd involv- ,

ing liver, lungs and pericardium The pencardium
miglit have been the primary site!

E Byrén and Hoimbery Probable coexistence of 3 hepatoveilular cancer of
1197%5) both low and Bigh grade differentiation

G Zoricaetal. (1975)

died on 7 August 1978, aster a massive haemotrhage from vesear.ageal vances, Autop-
sy revealed both multganine metastasizing angiosarcoma and hbepwocellular carsino.
m3 of the liver as well a3 slight fibrosis of the pancreas (to be pukished in detail).

It is still unexplazined why hepatocytes are generaily exemg ‘> from the carcino-
genic effect of VO metsbolites but. as predicted by Popper in 1975, three anecdotal
zases of hepatocellulae carcinoma, one German (Gokel ¢t al. 1978) and two British
PVC workers (Fox and Collier 1977), have now also been observed after exposure t0
VOM. It may be mentioned that a review of the distribution of primary liver cancer
in the Province of Quebec covering the period 1969~1972 showed a preponderance
of adult male cases in urban areas clustered in the district of Trois-Riviere in congru.
ence with the distribution of the plastics industry, a coincidence which calls for
{urther investigation ol a possible exposure to industrial carcinogens (Jacod and
Thérianir 1975). . ;

Not included in the NIOSH register are several anecdotal cases of ASL, capillary
and cavernous angiosarcoma of the liver and haemangiosarcomatosis of sites other than

the liver, for which a relation to occupational or even poxsibly residential exposure to 2.

VCM has been discussed (Vortiz et al. 1977; Brady et al. 1977: Dor et al. 1975; vail-

wifer and Zinnagl 1977, R

Although of undetermined refevance, it should finally be mentioned that, in addi-
tion tu hepauc fibross, varying degrees of interstitial fibrosis of the pancreas were
noted at autopsy in four German workers (cases |9, 23, B and the above-mentioned
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74 W.K. Lelbach and H.J. Marstetler

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

CUMULATIVE
Nt OF CASES
REPORTED TO NIOSH

oy
on
IH

—+- +
|

- 4

L — 'J.F—

1985 1980 1965 1970 1975 1978
yeor of diagnosis

Fig. 7. Cumuh.tive number of cases of ASL among PVC production workers reported
to NIOSH up to August 1978, arranged according to year of diagnosis | data from
Spirtas and Kaminski 1977, 1978)

43.2 Clinical Manifestations

The clinical symptomatology of usually multicentric ASL is unspecific. Gradually de.
clining general health and los of weight combined with illdefined upper abdominal
discomfort and slight epigastric or right upper quadrant pain are usually the first
symptoms. Recurrent bleedings from oesophageal varices may have been antecedent
events in patients with portal hypertension who otherwise felt fairly well. In a number
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Vinyl Chlonae-Assoviated Disease v

of ¢ases, the tumour first came 10 artennon with massive, often fatal, intraperitoneal
haemorrhage. Imporant tender hepatomesgaly (hepatosplenomegaly), slight jaundics
and occasionally development of moderate ascites and oedema were observed. Except
for muld 10 moderate hyperkilirutinaemua. some elevanon of serum levels of alkaline
shespnatase and gammaglutamy! transpesndase and only slightly abrormal levels of
$eTum transaitunaseés. the spectrum of biochenucal tests s hardly revealing. Alpha-feto-
protemn determnation has not been helpful in the diagnosis. Ultrasonography. seint-
graphy. hepanuc angography and, notably, computer 1omography of the upper abdomen
are the diagnosuc procedures of choice if ASL is suspected.

A techinetium.?9™ Jiver scan visualizes intrshepauc tumour defects (Biersack et al.
1977b) togecher with abnormal splenic fixation, but penpheral defects of uptake may
be difficult 10 interpret (Whelan et al. 1976). Characteristic fearures of angiography
are 3 normal-sized hepatic artery with possible displacement caused by tumour enlarge.
ment. a certaun degree of central hypervascularity of the tumour, 3 penpheral tumour
stain, ana puddling of contrast medium persistng intto the i3te venous phase. [n addi-
uon, varying degrees of peliosis hepatis may be observed in some cises. However, even
repeated hepanc anpography may fail to confirm the suspecred diagnosis, as wis en-
dent in one case reported by Rocke et al. (1978),

The exampie of 2 54.vear.old polymenization workar who died of metastasizing
angiosarcoma of the liver in February 1980 may serve to illustrare the clinical course.
In 1972773, after an exposure of 18 years® duration, we found him to suifer from Ray-
naud’s pnenomenon and noncirrhotic portal fibrosis and portal hypertension with sple-
nomegaly and moderate thromboeytopenia, Despite termination of exposure, there
was progressive splenomegaly and development of masuve oesophageal and gastne

Fig. 8. Computer tomograohy showing a large, irregular, hypodense angiecarcoma of
the liver involving hoth lobes. Courtesy of Professor Thum, Department of Radioiogy,
University of Bonn
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Te W.K. Lelbach and H J. Marsteller

varices dunng the following years with repeated episodes of bleeding which required
(successtul) sclerosing therapy (major surgery was declined by the panient). In August
1979 he presented again with recurrent epistaxis and slight but permanent epigastric
and upper right quadrant pan. but declared that he felt otherwise fairly weil. He com.
plained about a sharp localized emigasinic pan on sneezing. There was marked spizno-
megaly, and an ill.detined hard mass was palpable in the eptgastrium. Apart from mod-
erate elevation of alkaline phosphatase and borderline hyperbihirubinaemia, biochem-
istry was normal. Computer tomography showed a large irregular hypodense tumour
mass in the liver, involving both right and left lobes (Fig. 8). wiuch became practically
isodense after intravenous injection of contrast medium. A liver scan corroborated the
tumour defect, Shortly after this there was mounting evidance of brain involvenient
and rapid deterioration. Computer tomography now revealed 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 angprosarcoms of

mcnlivcr. See text. Courtesy of Professor Thurmn, Department of Radiology. University
of Bonn

433 Peritoneoscopy

Little information is available in the literature conceming the peritoneoscopic aspect
of VCMdnduced ASL (Roche et al. 1978). It may be impossible to make a diagnosis of
the initial phase of ASL in VCM-exposed workers by peritoneoscopy and needle biop-
sy of the liver, a3 documented in one of our patients who died of muiticentric ASL

______

Fiy
Gu




it 3
? 3 N . A
= 1914 PLELHIR 1’...?“. ANt

hend SR Res 1

- - + s .. o .
. '

" - . PR
1 T - : P ' N e -
.H.‘.-...mc‘_.«.,. LR SN . : et I DTRE NS

‘..—.:: . ,_v.a .ﬁ’ﬁ..- )

iver. Courtesy of Professor

Iy

52
5%
Ex
2E
2 E
g5
g
dg
c$
g%
on

R
. M“‘".

TR
Fig. 10
Gullotta,

Vinyl Calonde-Assoviated Disease
. At ) . . iy*e
e
pie
Institu

etastases

.




78 W K. Letbach and H.J Marsteller

11 months after peritoneoscopic diagnosis of severe hepatic fibrosis (case 19:see also
Leibach and Marsteller 1977). In addition to the findings described in connection with
hepatc fibrosis, there may be hypervasculanzed or ¢ystic tumour formation visible on
the surface of 2 nodular, quasi-cirthotic liver, or a gross aspect resembling hepatic me.
tastases if the vascular malignancy involves the superficial regions of the liver. It should
be strassed here that needle biopsy 1s absolutely contraindicated if there is any suspi-
cion of ASL.

434 Gross and Histological Morphology

The liver is usually markedly enlarged. Liver weight in cases of ASL ranged from 1607 to
7300 g (Thomas and Popper 1975, Roche et al. 1978). The gross appearance of ango-
sarcoma of the live. 1s mostly that of large bulky. irregularly shaped cvstic 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 tssue replace much of the liver parenchyma. Rupture of large cavern-
ous cysts may cause fatal intraperitoneal haemorrhage.

Thomas et al. (1975) and Thormas and Popper (1973) distinguished four basic devel-
opmental pattems of histomorphology of ASL, which can be found in different por-
tions even of the same tumour and appear 10 represent stages of progressive evolution:
sinusoidal, papillary, cavernous and anaplastic patterns. Indistinet areas of transition
and merging of pattemns can be observed. .

Dilated sinusoidal spaces lined by hypertrophic and hyperplasuc sarcoma cells with
pleomorphic, elongated, hypejchromatic and often bizarre nuclei characienze the
sinusotdal pattem, which is the most frequent type. Tumour celis of varying differen.
tiation envelop liver cell plates and may invade enlarged and fibrosed portal tracts, ac-
companied by proliferation of bile ductules (Fig. 11). In papillary angiosarcoma atro-
phy of liver cells results in larger and more irregular blood-filled vascular spaces, into
which loose papillary strands of surviving hepatic cords on an axis of connective tissue
project, lined by sarcomatous cells (Weindren 1976). Even larger blood-filled spaces
are sten in the cavernous type, where they may be surrounded by thick fibrouc walls.
In a smaller percentage of cases.solid areas or nodules of anaplastic sarcoma are found,
resembling solid spindle-cell sarcoma, or ¢even suggesting an epithelial type of tumour.
Gedigk et al. (1975) also observed a reticulosarcomalike pattern. The differenuation of
the tumour cells varies widely: it ranges {from the inconspicuous endothelial lining cell
type to irregularly shaped, grossly distorted giantcell forms. Morphologically, vinyl
chloride-related ASL cannot be distinguished frorn ASL associated with other seuol-
ogical factors or from the cryptogenic type (Popper et al. 1978).

In tumour.free porrions of livers with angiosarcoma widely varying degrees of ex.
cess formation of fibrous connective tissue are usually observed, analogous to that seen
in nontumorous livers of heavily exposed persons. Fibrosis of enlarged portal tracts
with modest proliferation of bile ductules, mostly only scanty infiliration of lympho-
cytes and occasional formation of perilobular septa or thin connective-tissue septa ex.
tending into the lobular parenchyma can be found. A more or less conspicuous 1ntra-
lobular, perisinusoidal fibrosis is often detected only by speeal staining methods for
collagen or reticulin fibres. As a rule, irregular focal or nodular fibrotic thickening of
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8 W K. Letbach and H.J. Marstelier

11 months after peritoneascopic diagnasis of severe hepatic fibrosis (case 19:see also
Lelbaci 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 surrface of a nodular, quasi-cirrhotic liver, or a gross aspect resembling hepaue tme-
tastases if the vascular malignancy involves the superficial regions of the liver. It should
be stressed here that needle biopsy is absolutely contraindicated if there is any suspi.
cion of ASL.

434 Grossand Histologicq! Morphology

The liver is usually markedly enlarged. Liver weight in cases of ASL ranged from 1609 1o
7300 g (Thomas and Popper 1975 Roche et al, 1978). The gross appearance of ango-
sarcoma of the live. is mostly that of large bulky, irregularly shaped cystic tumour
masses; 3 multinodular form with numerous, sometimes umbilicated nodules, is less
often encountered. Extensive haemorrhagic and necrotic areas or solid and spongy por-
tions of tumour tissue replace much of the liver parenchyma. Rupture of large cavern-
ous cysts may cause fatal intraperitoneal haemorrhage.

Thomas et al. (1975) and Thomas and Popper (1975) distinguished 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. Indistinet areas of transiuon
and merging of pattems can be observed. )

Dilated sinusoidal spaces lined by hypertrophic and hyperplastic sarcoma cells with
pleomorphic, elongated, hypejchromatic and often bizarre nuclei characterize the
sinusoidal pattern, which is the most frequent type. Tumour cels of varving differen-
tiation envelop liver cell plates and may invide enlarged and {ibrosed portal tracts, ac.
companied by proliferation of bile ductules (Fig. 11). In papillary angrosarcoma atro-
phy of liver cells results in larger and more irregular blood-filled vasgular spaces, into
which loose papillary strands of surviving hepatic cords on an axis of connective tissue
project, lined by sarcomatous cells (Weindren 1976). Even larger blood-filled spaces
are seen in the cavernous type, wherse they may be surrounded by thick fibrotic walls.
In a smaller percentage of cases, solid areas or nodules of anaplastic sarcoma are found,
resembling solid spindle-cell sarcoma, or even suggesting an epithelial type of tumour.
Gedigk et al. (1975) also observed a reticulosascomalike pattem. The differentiation of
the tumour cells varies widely: it ranges from the inconspicuous endothelial lining cell
type to irregularly shaped, grossly distorted giantcell forms. Morphologically, vinyl
chloride related ASL cannot be distinguished from ASL associated with other aeuol-
ogical factors or from the cryptogenic type (Popper et al. 1978),

In rumour-free portions of livers with angiosarcoma widely varying degrees of ex-
cess formation of fibrous connective tissue are usually observed, analogous to that seen
in nontumorous livers of heavily exposed persons. Fibrosis of enlarged portal tracts
with modest proliferation of bile ductules, mostly only scanty infiltravion of lympho-
cvtes and occasional formation of perilobular septa or thin connective-tissue septa ex-
tending into the lobular parenchyma can be found. A mare or less conspicuous intra.
lobular, perisinusoidal fibrosis is often detected only by special staining methods for
collagen or reticulin fibres, As a rule, irregular focal or nodular fibrotic thickening of
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Fig. 11. Angposarcoma of the liver (upper part of photomicrograph) invading adjacent
liver parenchvma (case {4 = D[ ;sex Table 13). Note hyperplasuc and hyperchrematuce
auclei of proliferaring neoplastie lining ceails enveloping hepatic cords. Reproduced by
permunon, Ann NY Acad Sci 246:2783 =284 (1975). Courtesy of Frofessor Gedigh,
{nsticute of Pathology. University of Boan. H £ E. x 250
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of Glisson's capsule is presenc: these fibrotic capsular atezs may extend into the under-
lying parenchyma and may conrect with adjacent enlarged subcapsular portal trases.
The cellular and nuclear size of hepatocytes may vary widely:; groups of binucleated
or even multinuclear parenchymal cells with abundant cytopiasm are seen. Focal pro-
liferation of sinusoidal lining cells may be encountered, especially within fod of sinus-
oidal dilatation.

[n connection with conspicuous sinusoidal dilatation, two rypes of focal hyper-

plastic precursor lesions wece desgribed by Popper et al. (1978):

1) Poory circumseribed foci of hyperplastic, often binucleated hepatocytes wath
increased number of various sinusoidal lining cells and only inggnificant increase of
reticulum framework.

1) Almont nodular areas of conspicuously hyperplastic and hypertrophic hepato-
cytes with more pronounced varistion of markedly increased sinusoidal cells without
degeneration or necrosis of liver parenchyma, but accompanied by excess formation of
reticulum framework and compression of sutrounding parenchyma.

The transition of sinusoidal lining cells to angosarcoma cells is characterized by in-
creasing atypra and anaplasia of these proliferating endothelial cells sccompanied either

s NI

. ey 11!‘.* v '.T'-'\'*'\. .

-k M

—a®

RS e L




80 W.K. Leibach and B Marsteller Viny

by formation of excess connective tissue or by accentuation of sinusoidal dilatation R.
leading 10 pnmary peliosis. Involvement of portal areas in the evolution of anposarco. (exci
ma results in considerable fibroplasia and formation of hyalinized collagen together ASL
with proliferation of bile ductules. In occasional cases connective tissue bndging be- This .
tween porral tracts or between portal tracts and central veins with subdivision of lobu. the {
. les followed by rearrangement of hepatocytic plates may lead to a cirrhosislike picture. confi
had ¢
: ] the re
: 4335 Therapy polyr
' The multicentric development of ASL (7TTiomas and Popper 1975) as well as the dif- was °_
' fuse spread of the tumour usyally encountered by the time of diagnosis precludes ef. viron:
ST . fective surgical or radiation therapy in the majonty of cases. A survival period of two Iceede
. years after surgery (Berrod et al. 1978) or chemotherapy (Dannaher et al. 1979) is a esser
3 rare exception. Results of systemic chemotherapy studied in a2 small group of five pa- n_ugn'
a. tients showed that, at best, quality and duration of survival may improve to a very m'lli" :
T limited extent (Danalier et al. 1979). At present, no generally accepted guidelines for o
& ! chemotherapy are available. vinyl
; < mode
A ﬂﬁ; ¥ . the es
RN r.\ 43.6 Risk Assessment grour
; Ay E When in the United States 13 whire male cases of ASL had been detected from 1961
oy s s'§ to May 1974, among an estimated total population of VCM polvmenzation workers of 437
i - H roughly 20 000. 2 risk rauo (ratio of observed to expected cases) for this population of
é,'ﬁ}q.g * at least 400:1 was calculated (Hearh et al, 1975). This calculation was based on data Fora
‘&"”"k‘f o § from the National Cancer Institute's Third National Cancer Survey (1969-1971), hazar.
A ord which expectec for the total United States population an annual incidence of this tu. the ce
mour in the order of 0.014/100 000. This would hiave meant only about 0.03 cases per studic
20 000 polyme:zation workers within a 10-year period. Dose-response and attendant sure (.
biotransformar :n data on experimental animals have since been used to elaborate sev- ' the '“_
eral different models of extrapolation to man. These were calculated with reference to ul. l_9.
relative body surface areas, for estimating the risk of ASL in human populations ex- Waxu
. posed to VCM and for establishing guidclines to assist the research for ‘realistic safe °r9 “
doses’ that do not affect the average lifespan of 2 person exposed (Sc/ciderrnan et al. 1976:
1975: Gehring et al, 1979, 1978: Woods 1979). Geliring et al. (1979) consider a probit posed
percentmodel to be a reliable tool for risk prediction, which works without the assump. ot .‘"' :
tion of a threshold. They predicted a cancer risk of 1.5 cases of ASL in 100 000 000 yoice:
workers on exposure to the current National Standard in the United States of | ppm Berry
VCM 8 h/day, § days/week, for a 35.vear working life, an incidence which does not emply
significantly deviate from the spontaneous incidence rate. A linear model modified by and cs
adjustment for differences in the rate of inhalazion, distribution, metabolism, cell but nc
proliferation and tumour latency times between rats and humans was descnbed by 1976)
Woods (1979). This model arrives at an incidence of 3.9 cases per 100 000 000 workers In
after a lifetime exposure 10 1 ppm. Much controversy, however, about the validity of (1,974
risk extrapolation from animal experiments to man and from high- to low-level expo- epiden
surc and the problem of threshold doses has been voiced (Maugh 1978: Hooper et al. (1978
1979: Schneiderman 1979: Weigert 1979: Reitz ¢t al. 1979), facion
R taine o Lhe s i e e S i el ' :
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Results of a recent survey by Sredy et al, (1977) indicated that for New York State
(excluding New York City), a lugily industnaized area. the annual incidence rate of
ASL during the 6.vear period from 1970 through 1975 was 0.25 per million residents,
This corsiderably sxceeded the natonal averz32 rate of 0.1+ per million per yéar in
the Unuted Staies. In 3 conconutant case<ontrol study. 26 patients with lustologieally
contirmed ASL wers found in the study area from 1938 to 1978, and 7 of these had
had documented 'ong-term exposure to aither As, ThQs or VM. Five 1ail females of
the remaning 19 pauents lived at 3 distarce of $30-4500 feet from VCizbnzatonor
pulymerizauon facdiues for long pentuds. No pertinent exposure or residential history
was obrained from the other 14 pauents, Discharge of unreacted monomer into the en-
virnament as result of losses in the PVC procduction process was esumated to have ex.
ceeded 200 million pounds annually, most of which escaped into the aumosphers with
lesser amounts dissolved in water effluent (Sc/mvertzer 1975). Concerning the order of
‘magznitude of ambient exposure beyond the work place. ie. outside the industrial set-
ting, an average annual exposure cnaceatrauon of 17 ppb was estimated for the 4.6
aullion persons throughout the United States who resided within 2 S.mile radius of
viny] chlonde emission sources (Kusmack and MeGaughy 1975). If the nsk assessment
mode! elaborated by Woods (1979) is apglied to this pogulation of 4.6 million people,
the esumated incidence of angosircoma per year would not be above 2xpected back-
ground levels.

+3.7 Moraiity and Cancer Morbidity Studies
For a tumour disease as rare as angiosarcoma of the liver even quite small increases in

vehazar o' *+ background levels should be detectable (Dol 1975). The situauon with
the common rypes of cancer is far more Jifficult. Since 1974 3 number of mortaiity
stucies of VCM-exposed populations have suggested that in humans long-term expo-
sure to VOM may also be associated with cancer of sites other than the liver. notably
the lungs, and the lymphatic and central nervous systern (Monson et al. 1974: 011 et
al. 1975 Tabershaw and Gaffey 1974 Nicholson et al, 1975 Wegoner et al, 1976:
Waxweder et al, 1976;Vichoison 1977; Buffler e al, 1979). Epideriological studies
of British workers [ailed to confirm this suggestion (Duck et al. 1975: Duck and Carter
1976; Fox and Collier 1976, 1977). as did a prospective study of 3 VOM/PVCatx.
posed cohort of 1618 employees of 3 West German chemical plant (Frenmmel-Beyme
et al. 1973). Criticism of design and interpretation of some of the studies has been
voiced (Falk et al. 1974b: Purchase and Williamson 1974, Reger 1977 Daklerup 197S:
Berry: and Rosnizer 1976). A follow-up of all VCM-exposed persons (750 traced) ever
tmployed at the one Swedish factory, which started operation in 194$, for mortality
and cancer morbidity pattems revealed a fourfould excess of pancreas/liver tumoun
but no deviation in the number of brain tumouss from the expected level (3yrén et al.
1976).

In addition to the three extensive mortality studies of Taberzhaw and Gaffey
(1974). Waxweilcr e1 al, (1976), and Fox and Collier (1977), a fourth comprehensive
epidemialogical study (Reinf and Weber 1976) was compieted in 1977 by Reini et al.
(1978). wirich included three study populations [rom 1} VCM- and PVC-producing
fagtories in the Federal Republic of Germany, covering the period from before (959
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82 W.K. Lelbach and H.J Marsteller vy
through 1974: (a) 7021 workers enguged in the production of VCM and PVC; (b) bo
4910 chemical workers from the same plants not exposed to VOM. and (c) 4007 Bo
waorkers engaged in PVC manufacture. Not included were non-German workers of tiv

Mediterranean ongin. Thus German study permits comparison not only with the mor-
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ce;
tality rano of the total male population but also with 2 comparable occupational or
‘ group exposed to VOM. With regard 1o the ‘healthy worker effect* (McMichael et al. we
f 1975), overall mortality was elevated for the VCM-exposed population (group 2). but o1
; not for the other chemical workers (group b). Apart from the markedly elevated stan. the
dardized mortality ratio (SMR) for malignant liver tumours (1523). which proved to det
have been closely related to the duration of exposure, a significantly elevated SMR was Pt
T ganh found for tumours of the lymphatic and hazmatopoetic system (214). The group of oul.
- '; chemical workers not exposed to VCM (b) also showed a significant elevation of the fat
i#."{ rawy SMR for liver tumours (401), 3 result that deserves further investigation. No signifi- b,
‘MW I canty increased risk was found concerning tumours of the central nervous system up-
:{3’ s : or the respiratory tract. har
o + [t has already been mentioned (Sect. 2.2.10) that an excess mortality from brain re:
‘N turnours (SMR 535) was recorded among PVC workers engaged in manufacture at one Lo
) Ny of two plants:in the second plant an elevated SMR (334) for liver tumours was found. cou
At present, there is no explanation for the increased SMR for accidents found in the K
H VCM-exposed population, particularly during the period 1970 through 1974, abaut ot :
4 40z of deaths having occurred in ex-PVC workers. A recalculation of the available data In
. would have been necessary for the evaluation of a concervable influence of VCM on al
F vigilance. ' . A
A2 As an addendum it may be noted that determination of plasma carcinoembryonic or.
iy 4 antigen titre (CEA) in 200 Canadian PVC production workers (mean duration of em. nr
o ) ployment: 10 years) showed a more than threefold higier frequency of levels above
Ak Sint 120 Y 10 ng/ml than in a normal healthy population (1.7% vs. 0.5%) (Poge et al. 1976).
s Levels of CEA were also deterrmuned in 1363 workers of five different VCM polymeri- Ta.
%? zation (3) and PVC processing (extrusion) plants (2) in the United States (Andersasn et e
A lepin? )i al. 1978). After removal of possible confusing factors (smoking, aleohol intake, past
KIS ] ; medical history), it emerged that the distribution of CEA titres among the polymenza- Gree
LALITG A tion workers was significantly different from that in the extrusion plant group and in —_
p Mrgte ' : a nonexposed reference group. Significant differences were aiso found for two of six A
L '-":—V nay job categones examined (polymenzation and maintenance) compared with extrusion B
. TISEY workers and the reference group. However, the usefulness of the CEA titre as 3 predic- c
o B tive indicator of possible increased risk seems doubtful. b
TS \: ‘ "
': 44 Miscellaneous Aspects
%. 44.1 Thrombocytopenia and Platelet Function Tests :::
* . itee
( Thrombecytopenia in chronic VCM intoxication was first mentioned = rather paren- ‘!;m
4 thetically and without further comment — in a paper published by Antomyuzhenko in F.:“f
( 1968, Later Jiihe st al. (1973) noticed that each of the first 13 autocigve cleaners re- *
ferred to them during 1972 from 2 West German piant because of suspected skin and The
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bone lesions presented with mild to marked thrombccytopenia (30-119 ¢ 10°* Titre).
Bone marrow aspirates in 6 patients permitted exclusion of disturbed platelet forma-
v i tion or osteomyelofibrosis/sclerosis, butin 12 of them splenomegaly was found. Ex-
‘noe- cept for slight reticulocytosis in 8 and leucopen:a in § of the workers. other haematol-
‘ ogical tests were negative, The reduction of the number of leucoceytes and platelets as
s 3l well 15 reticulocytosis appeared to be attnbutable to splenomegaly, but further studies
' but on the nature of thrombocytopenia were thought necessary. and it was suggested by
' ¢tan. the authors that 3 Jecrezse tn the number of platelets mizht sesve 15 2n 22rly and 2asly
1o detectable symprom. The 4igh prevalence of thrombocviezena (35 determined by
IR was phase-contrast mycroscopy) found later on derailed analysis of platelet funcuon and
not other parameters of blood coagulation in the total cohont of PVC producuon (and also
* the fabncanon) workers from this plant strengthened this suggestion (Bac/urer et al, 1974,
“ifi- b. 19753, b, 1976, Sefirt-Bachner and Erzel 1977). Wegman (1975) also commented
n upon abnormal platelet count in 13 of 37 PVC fabricaung workers who had only
handled PVC powder which, however, might have contained substannal amounts of
ain residual monomer. In contrast, Liis et al. (1975) detected thrombocytopenia in only
i ane 1 of 354 polymenzatian workers, but an electronic cell counter was used for plateles
:mund. counts (personal communication).
. the . According to Sehrr-Bachner and Etzel (1977). the mean platelet count in a cohort XK
out of 132 PVC polymenzauon (and processing) workers was significantly lower than that T A
. Jdata in 3 nonexposed controi group of 150 healthy men. As sould be expected, Baciver et '
- . al. (1975b) also demonstrated a positive correlation between the degree of thrombo-
¢vtopenia and the prevalence of an enlargement of the spleen (palpable splenomegaly
e or spieen size determned by selective scinugraphy with '*'-Hgbromomercury-hydro-
am- Xypropanedabeiled red cells) in 70 PVC polymenzation workers (see Tabie 19). It ap-
.n. Table 19. Prevalence of enlargement of the splesn® among 70 PV C-polymerization
a8t workers in reigtion to increasing degrees of thromt ocytopenia { 8acaner ot al. 19752)
"';‘u No.of workers  Platelets (x 10°*/Ltre) Enlarpement
. 123 .
i Greoup examined Rangs Mean of the spieen
1 8ix A 14 > 130 168 3121
Hagn B pLJ 100-130 17 11 46%)
predic. . (o 25 70=- 99 87 19 (767%)
D 7 < 70 44 6(867)
3 s determined by palpauon or by selectve spieen scinugraphy.
pears, however, that the development of thrombocytopenia is not dependent oa the
presence of splenomegaly since we observed mild thrombocytopenia (100-120x 107%/
varen. litre) in 3 small aumber of workers in whom spieen size was definitely within normal 2
koo In limits on selective spleen scintigraphy (Milzfl3chenindex < 4.5 x 107 according to Y
o e Fischer ana Wolf 1963), 2
" and Thrombocytopenia was accompanied by abnormalities in platelet function tests.
There was an increase in the number of large (> 10 izm) ‘juvenie’ platalets (increased
gy e, ‘-&';-';. 3 < ay=
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R4 W.K. Letbach and H.S. Marsetier

platelet spreading). enhanced response {platelet aggregation) o addition of ADP and
collagen {Bom test) and increased availability of phosphohipid~ontaining piatelet fac-
tor 3 (Bachner et al. 19753). This pattern was thought to be compatible with the no-
tion of an increased turnover rate duc to derangement oi muicroctreulation (CDIC) n
liver and spleen and defective reticuloendothelial system (RES) clearance of activated
clotting factars (Baciuier et al, 1974b). Ward (1976) and Iurd et al. (1976) suggested
that thrombocytopenia could be construed as confirmatory evidencs of an immune
complex disorder. Heusermann and Siuirre (19772) noted unusual focal apgregation of
platelers in klatsch preparations of spleen tissue and increased platelet pooling (plate-
lets trapped within the subsinusosdal meshwork of pulp cords) in the red pulp of the
spleen on electron microscopy as well a3 phagocytosis of thrombocytes by sinusardal
macrophages. Schaffner et al. (1976) found platelet thrombs in 2nd around hepanc
sinusoids in mice after exposure to VCM. A direct toxic action of VCM (or merabo-
lites) on the bone marrow has not been demonstrated so far.

Although the pathogenesis of thrombocytopenia in VCM-induced disease 15 not fully
undersiood, it seems 2t present most likely that it 1s caused by increased turnover and
consumption of platelets within the abnormal vascular spazes 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. (1975). A haemostauc defect
more complex than mere pooling and destruction of platelets in the enlarged spleen
has also been commented upon tn the paper by Gerries et al. 11974) in connection with
splenomegaly of various noncirthotic origin.

44.2 Central and Peripheral Nervous System l

Miscellaneous nonspecific and somewhat indefinite symptonis have been descnbed in
connection with chronie inhalational exposure to VCM in PVC-production workers.
such as dizziness, disorientation, blurring of vision and memory, headache, irritability,
excessive fatigue and somnolence. sleep teversal or insomnis and other pseudoneur-
asthenic symptoms (Suci et al. 1963, 1975 Schoerek 1969 Lilis et al. 1975 and
others). This prenarcotic syndrome was interpreted as 3 manifestation of a potentially
reversible acute toxic encephalopathy. Its danger to the individual was thought to lie
mainly in resultant inadequare reactions to critical situations (Schorrek 1969). How-
ever, Valie et al. (1976) reported that several individuals in a group of 95 comparatively
young ex-workers. the majority of whom had no other symptoms, complained of fa-
tigue, headache, listlessness and depression, with onset of symptoms having been de-
layed as long as 2 years after cessation of employment.

With reference to such ‘pseudoneurasthenic complaints’, which may be interpreted
as the mildest degree of a toxic encephalopathy, Penin et al. (1975) examined a group
of 21 autoclave cleaners at varying intervals after cessation of exposure, all of whom
presented with other (cutaneous, angioneurotic, hepatic) manifestations of vinyl chlo-
ride disease. Clinical symptoms of a more or less 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, dysenrhythmia or 3 so-
called subvigil electroencephslogram was observed. Evidence of distal polyneuropathy,
found in 19 patients, was attributed in the first place to an abnormal peripheral cirsu.
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UP and lauon with resultant hypoxic damage. The pathogenesis of a possibly VCM-nduced
clet fac.. encephalopathy is not clear. It would be concervable that clinicat and biveiectne alter.
1he no- ations found in some patients, in whom portosy stemic encephajopathy couid be ex- .
flCYin cluded. may have neen due to taxc or hypowuc brain damage. However, no other con. -
ctvated vincang evideace has 5o Jar emerged to indicate that chrome irreversibie zerebrotoxic '
1ggested damage may have resulted from prolonged exposure to VCM. notwithstanding the pos. "
uaune sibility of an mducuon of brain tumours. ‘.} ‘:
iuon ot g
W (plate-
vof the 443 Pulmonary Changes
misoidal
cpatic The suspected development of nonmalignant pulmonary changes due to VCM and/or
"1 tabo- PVC Just exposure is still 2 macter of controversy. Soon after VOM was recognized as
a potent carcinogen, three groups of empioyees (n = 290, 230, 445. respectively) from
: not fully three farge North Amencan FVC-produang plants (A, B, C), charactenzed by different
~wer and duranon and levels of past environmental exposure to VCM as well as to PVC dust.
\ spieen, were studied with respect to chest x-ay film abnormalities and pulrnonary funcoon
¥ tpon- defects as amessed by spirometry and determunation of maximum exmratory flow voi-
Jefect ume (Miller 1975, Miller eval, 1975 Luis et al. 1975, 1976, 1977). All cases with pre-
- spleen vious exposure to asbestos, silica or coal dust had been excluded in these studies. Un-
‘tion with expected linear, reucular and, less often, rounded opaciues on chest x-ray films were

found 1n 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 piant
C. with the lowest exposure level. The prevaience of these radiological abnormalities. S
for which no pathogenenc explanation was avulable, was found to be significantly in-
creased with [onger durauon of VCM-PVC exposure (more than 10 years), but the pre-
Q in valence of 3 positive history of smoking, although identical in both groups A and B,
3

; . was also found to be significanty higher in workers with abnormal chest x-ray plates.
-inability, The ovenall prevalence of a positive history of chronic bronchitis (British Medical Re-
~eur- search Council criteria) was 20.4% in group A (highest exposure) and 16.07 in group B,
<nd although group B was significandy nider, The somewhat higher prevalence of chironic
ndally bronchitis in workers with abnormal chest x-ray plates did not attain statisdeal signif-
¢ to lie icance.
' How- On the other hand, age did not appear to be an important factor. Pulmonary func.
naratively tion tests showed a strikingly high prevalence of obstructve changes, but since both
_of fa smoking and age were related to changes in pulmonary function, it appeared difficult C
~n de- to isolate potendal specific efTecss of occupational exposure to VCM and PVC dust. %
A restrictive partern was foynd in 9.3% of group A and in only 2.3% of group B, al- o
tarpreted though group A was signilicantly younger. In conclusion, this extensive study, includ. ;i
i a group ing 2 total of 985 workers expoted in the past to VCM a5 well a3 PVC dust, may point hove
whom to 3 potential multiple factor effect of smoking and VCM-PVC exposure. In this con- iz
myl chio- nection, it is of interest to note that according to a cohort study of mortality among e 23
luding VCM polymerization workers the SMRs for respiratory cancer as well as for ‘other ey
= n rmal respiratory disease’ were found to have been in excess of expected figures (156 and Spacs
- 2 10- 176, respectively) (Waxweiler et al. 1976). ).
ropathy, Bronchopulmonary changes thought to be due to longcontinued, intense exposure 5"._'
13l circu- to PVC dust were observed by several authors (Parmegriani and Sassi 1958 Broussard s
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1969: Szende et al. 1970; Vertkin and Mantontor 1970 Frongia et o, 1973 Darke
1976: Arngud et al. 1978). Considerable exposure to VPC dust is the rule in the drying,
bagging and storage areas of PVC.producing plants. Photographs contained in Kanrodr's
paper (1976) give a general idea of the potendal dust exposure. Measurements of th:
concentration of PVC dust at various sites of the bagging operations were reporred a5
long ago as 1955 by Parmeggiani and Sassi. In 1969 Broussard mentioned the possibil-
ity of development of chronic bronchitis caused by the inhalation of PVC dust. The
insoluble and inactive dust particles were thought to accumulate in the lungs blocking
alveolar spaces and being taken up by alveolar cells. This could lead 10 elimination of
these cells via lymph vessels to regional lymph nodes, wath either enlargement of the
hilar region or 2 micronodular aspect of interstitial pulmonary fibsosis without hilar
lymph node enlargement but progressive respiratory insufficiency,

Szende et al. (1970) reported the case of 2 31-year-old worker who presented with
severe dyspnoea; a chest x-ray examination revealed diffuse micronodular puimonary
lesions. He had been engaged for only 1 year in shovelling PVC powder at a processing
factory. Lung biopsy revealed moderate diffuse fibrosis and small focal granulomatous
lesions containing ovoid or polygonal birefnngent foreign matenal which could be
eluted by treatment with a known solvent of PVC. Microscopic examination of PVC
dust particies collected at the patent’s place of work showed them to be morphologi¢-
ally identical with the particles found in the patient's lungs.

Another anecdotal case of pneumnoconiosis after 23 years of employment in 2 PVC
bagging area, with radiological evidence of diffuse micronodular infiltrates and granu-
lomatous lesions found in a lung biopsy identical with those recorded by Ssendeeral.,
was published by Arnaud et al. in 1978, Histology of open lung biopsies in } of 14
VCM-exposed British workers, who complained of breathiessness, revealed focal alveo-
lar wall thickening with macrophages in alveolar spaces and increased reticulin and col.
lagen on electron micrescopy (Darke 1976). Although chest x-ray appearances were
normal and routine respiratory function tests showed only slightly impaired CO, dif-
fusion in six individuals, perfusion and vencilation scans revealed suikingly abnormal
pictures, including marked perfusion defects of upper lobes. Darke pointed out that
some of the men worst affected had been engaged in the polymerization of ‘plastisol’,
a very fine PVC powder with particle size around 0.5 um.

Selikoff (1976) called attention 10 results obtained by Frongia et al. (1974), who
observed significant histopathological changes in the lungs of guinea-pigs and rats ex-
pased for 27 months to inhalation of the airbome PVC dust in 3 PVC bagging area.
Lesions began to appear at 2 months of exposure (alveolar histiocyte-macrophage re-
actions); they proved to be fairly marked after 4 months, with appeatance of foreign
body giant cells, and proceeded to development of large interstitial granulomatous
foci. Vertkin and Mamontov (1970) who examined 96 workers engaged in the manu-
facture of articles made from PVC powder, also found a considerable proportion of
them were suffering from functional and morphological alterations of the broncho-
pulmonary system, which they ascribed to their exposure to PVC dust. They quoted
results of earlier anima) experiments conducted in 1963 by Golovaryuk and later by
Shivakherskii These last authors had apparently shown that exposure of animals to
PVC dust may lead to the development of chronic pneumonia and eventually to a sort
of mild fibrosis of the lungs.
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Certan types of PVC dust (one of two sampies tested) were found to extub:t a
strong haemolytic potenual due to the presence of an undeterrmuned but readily solu-
ble surface-associaced agent which was not VCM (Richards et al. 197%). These authors
aiso studied the effect of the haemolytic sample of PVC dust on lung Sbroblast aul-
tures, but they did not obtain any significant results.

Contrary to earlter indications (Lange et al. 1973a) and despite continued efforts
we fuled to detect any significant restrictive changes of puimonary funetion in the
overwhelming majority of panents we had occasion to exarune.

It may be of interest to note that.Maltoni et al. (1973b) reported a high prevalence
of pathologcal changes of respiratory epithelium (squamous metaplasia, squamous
dysplaua, typical and atypical adenomartous proliferanon) in spurum samples from
employees of Italian VOM.PVC factories.

Nevertheless. contrary to the now well.established role of VCM in the producrion
of nonmalignant lesions of bone, skir, small vessels, liver and spleen, it i still open to
debate precisely what importance can be asenibed to pulmonary changes within the
spectrurnt of VOM.induced disease.

444 Genetic Effects of VCM

The discovery of the carcinogenic propetties of VOM also stimulated interest 1n its
mutagenic potental, A number of studies have been carried out that demonstrated a
mutagenic response to0 VCM or its metabolites in rmicrobial test systems. Point muta.
tions due to base-pair substitution have been produced in various strans of Salmonells
typhimurium by VCM in the presence of animal and human liver microsomes as a sy3-
tem of metabolic activation (Tanaug et al. 1973, 1976, Baresch ot al. 1975a, 1976:
McCann et al, 1975 Malavetlie et al. 1975: Garro et al. 1976). Mutsgenicity of VO
metabolites was aiso demons.:asd in yeast strains (Loprieno et ai. 1976, 1977, Shaiin
1976) and in mamsmalisn el (/Juberman ot al. 197%). In comparison 19 nonexposed
controls, a significantly highe: cidence of chromosomal aberrauons (fragmentation,
rearrangement) in lymphocytes of workers ocsupadonally exposed to VCM was re-
ported by Ducarman et al, (1975), Funes-Cravioio et al. (1975), Purchase et al. (1975,
1976), and Fomenko a1 al. (1976). Fleig and Thiess (1974) had failed to demonstrate
an increased rate of chromosomal aberrations in six chercal engineers and four PVC
fabrication workers, As to the influence on germ cells, Purc/iase et al. reported that no
dominant lethal efects were seen in fetuses of female mice mated with males which
had been exposed to 3000, 10 000 and 30 000 ppm VCM for § consecutive days. This,
however, does not sbsolutely exclude genetic effects on human gonads. The cutcome
of pregnancy among wives of VCM-polymerization workers as against wives of rubber
and PVC-fabrication workers (/afanre et al. 19764, b) and rates of congenitai malfor.
mation per 1000 resident live births in three Ohio communities with PVC production
plants have also been studied (/nfante 1976).

As part of 2 larger survey of workers' health, interview questionnaires (/nfante
1976a, b) showed that after paternal age adjustment a significanty higher incadence
of fetal montality subsequent to patemal exposure was recorded among the wives of
VCM-exposed workers. This trend was found to be maintained after elimination of
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pregnancies in women who had more than two abortions. The findings of this study
rused the queston of possible genetic risks of VCM to man and led to the suggestion
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Viny! Chlon

betwesn pre.
tssue such as

that germ-cell damage in the father through direct VCM exposure might be a possible short exposu;
explanauon. will carry th:
No clear<ut linkage of PYC production and increased occurrence of congenital
maiformations {pnmarily CNS malformations) emerged from preliminary studies in
three Ohio communines with PVC production plants, But the need for further study References
of possible contmbutary factons was indicated (Mnfanse 1976). In fact. none »f the par-
ents of affected children in Painsville, one of the three Ohio communiues, had ever
worked at either of the two PVC polymerizauon plants in Painsville or lived within Albnght LF ¢
two rrules of these plants (Edmonds eral. 1975). ::::::: t;: '
Albnght LF (-
polyvm'!y; 1
Albnght LF 1
5 Conclusion and Outlook prgcenes. :
Alrenga DP ¢
198-203
Amann R(19
The combined efforts of multiple disciplines have been necessary to arrive at tne full der Leber
recognition of the range of pathology associated with occupational exposure to vinyl Anderson H A
chloride. It can only be hoped that the lesson from the vinyl chloride problem may f&\‘):’;‘;’é
help to bring about an increased awareness of the risks and hazards which are inevitably Andrews AW,
the consequence of an everexpanding technology. properues
The importance of this lesson lies in its exemplary nature, A single substance of Anghelescu F
rather simple chemical structure, which was long held to be a comparatively safe com- v (1969) €
pound.even by experts, tumed out after all to be a carcinogen with a very long latency ::‘;'_?;;’
period for those who were heavily exposed to it. But its carcinogenic properties would Annual Repu
most prababiy sull have gone unnoticed if the resuiting malignancy had been any can. London. C:
cet other than of an exceptionally rare type. Animal experiments in the early days Antonyuzhen’
later proved to have been broken off before the oncogenicity of this chemical com- M:::‘“‘:r":} | “
22N pound could have been detected. . Perspect |
o 3 The lesson to be leaned is that in future any new chemical which is to be widely Amaud A, Poi
SRS introduced into the environment should be scrutinized closely, for a sufficient length ride pneum
:‘4(' 5 - of time, and with the aid of all available methods for the detection of potential car. A";‘“P“J" é“
- i cinogenic effects. In addition, we should keep in mind that in industrial surroundings Assoann R
- oW g , we almost never deal with a single compound, but with 3 very complex occupational Austin GT (19
bt enviranment whose carcinogenic potential is still 2 completely unresolved problem. 8789
ﬁ If currently adopred guidelines for industnal hygiene are stricdy adhered to, there Bachner U. E-.
Reycax is reason to hope that initiation of new cases of VCM-induced angiosarcoma of the ‘,’:" 9°‘°:"é'
g~ liver can be effectively prevented. Unfortunately, however, it ¢an be expected that in Ba e‘i‘:"';} El:
mﬁ' view of the long latency period for tumour promotion additional cases will appear dur- Befunds be
®l
et ing the next decade. Jahresberic!
15 Considering the ever-increasing complexity of environmental influences, future re. Gentner, 5:
. ?i search will be faced with almost insurmountable obstacles in its endeavour to establish Bachner U, Mu
0 ‘safe’ levels for potentially hazardous chemicals. Promising areas for further studies in B ‘h°°° 5“1'5"'
5 the field of vinyl chloride and allied compounds may be the problem of the interaction IE?“:B“;N::
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berween predominantly hepatocytic metabolism and oneogenic #ffect on mesenchy mal
tissie such as vascular endothelium. and also the question of whether intermirtent

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

will earry the greater nsk. :
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