APPENDIX

II
II1

Iv

VI
VII

VIII

X1

XI1I1

XIII

INDEX

IITLE
EXTRACTS FROM USFDA REGULATIONS PARTS 175-177

EXTRACTION OF BPA FROM PVC COMPOUNDS BY FOOD SIMULATING SOLVENTS
LETTER RE EXTRACTION STUDIES ON BPA

LETTER FROM UNION CARBIDE ANSWERING QUESTIONS ON THE
NHMRC QUESTIONNAIRE

EXTRACTS FROM DOCUMENTS OTHER THAN USFDA WHERE BPA
IS APPROVED FOR FOOD CONTACT USE

UNION CARBIDE LITERATURE ON BISPHENOL A (F40900B)
DATA SHEET ON METAL CONTENT OF UNION CARBIDE PRODUCTS

COPY OF THE LETTER FROM UNION CARBIDE (AUSTRALIA)
RE PURITY OF BPA

UNION CARBIDE LITERATURE "UCAR(R) BISPHENOL A APPLICATIONS"
DEVELOPMENT OF A METHOD TO DETERMINE RESIDUAL BPA IN PVC RESIN

COMPUTER PRINT OUT SUPPLIED BY BFGOODRICH CHEMICAL, USA
SHOWING BPA SYNONYMS, USES, TOXICITY

TOXICOLOGICAL DATA
EXTRACTS FROM LITERATURE RELATING TO THE MANUFACTURE OF BPA

Part 1 - from

Manufacture of Plastics, Volume 1

W Mayo Smith

Published by Reinhold Publishing Corporation
N. York 1964 _

Part 2 - from

Organic Polymer Chemistry
K. J. Saunders
Published by Chapman & Hall, London 1973



i
<«

PR

P Frick G.-A.von Harnack K.Kochsiek
G.A.Martini A.Prader

Mit 24 Abbildungen unc 23 Tebellen

Springer-Verlag
Berlin Heidelberg New York 1981

TO0:0TTZ

N -~

?)J 3

NSV

) ]
A

%

TR

e

-
>
-




Yinyl Chloride-Associated Disease

W.K.LELBACH and HJ. MARSTELLER '

I Inteoduction .. ... .. ... ... e R 2
2 TechnolopeaiDetanis . . .. . ... ... L e e 4
2.1 Vinyl'Chionide Monomer(VCM) . .. ... ... ... .. ... .. ... ..... 4
20 HIStory .o e 4
2.1.2 Peoductonof VOM . . . .. e 5
2.2 Production of Polyvinyl Chlonde tPVC) . . ... ... ... .. ..., ..., 6
2.2.1 Technology of Polymerizanon. . . . .. ........ .. ... ... 6
2.2.2 Methodsof Polymenization . . . ... ... . ........ e 7
223 Compounding . .. ... ... ... .. .. e 8
2.2.4 Sources of Exposure to VCM in PVC Producition .. ......... 8
2.25 TheExplosionHazard . ... .. ... ... ... L i, 9
326 TheOdourThreshold . ... . ... .. .. ... . ...t v 10
2.2.7 VCMasan Anacsthetic Agent . . . . . ... ..ot 10
2.2.8 Effectsof Acutc Overexposuretn Man .. ............ ... 1t
2.2.9 Monitoning VCM Concenitrations in Working Areas . . ... ... .. 13
2.2.10 Exposure to VCM in PVC-Processing (-Fabncating) Plants . . . .. 15
2.2.11 National Standards for the Control of Exposure . . . .. .. ... ceL. 17
2.2.12 Exposure to VCM Outside the Working Area . .. ... .. .. .. .. 18
3 Toxicology of VOM . . . . e 2
3 ACHIE TOMIC Y « v o ittt e e e e e e e e 2 ,
3.2 Chromic TOXICITY. . . . .ttt it et i e e ettt e e 2 ' .
33 Oncogenic Properties . . ... .. ... . . .. ... e . as > !
3.4 Toxicodynamics . ... ...... e e e e e e e e e e 23 R
33.1 UptakeandDistribution. . .. . ....... ... ..... ... ... b
3.4.2 Mewbolism ..... e e e e e e e e e e e e 2
34.2.1 Relation between Chemical Structure, Reactivity
and Mutagenic or Carcinogenic Effect . . .. ... ... ... 26
3322 MetabolicPathways. . ... ................. ... 26
! d Clinkal SPeCtIUmM . . ... ... i ettt e 29 -
' 4.1 The Triad: Raynsud's Phenomenon. Pseudoscieroderma and
ACTOOSIBOIVSIS . ... ... .. ittt ittt e et e e 3 :
4.1.1 Familial and ldiopathic Acroosteolysis .. ................ 33
) 4.1.2 Epidemiology of Occupational Acroosteolysis . ............ 34
: 4.13 Clinical and Roentgenological Festures . . . . .. ............ 36 Pl
: 4.1.3.1 Occupational Acroosteotysis . . . ................ 36 250
i 4132 Pseudoscleroderma . .................... ..., 38 -]
: 313 HBtology. .. .....cii ittt ittt i . 3 7ot
: 414,01 Cutaneouslesions. .................ccnn.... 39 . of &
. 4142 Bonelesions . ......... ...t 39 t‘: . 73
. 4.1.5 Artenography. Capillaroscopy. Infrared Thermography .. ..... 40 S84
S16 IMmUROIOPEl SEUAIS . . . - - - evveenses e 32 t NAS
I Department of Medicine, Director: Prof. Dr. H.J. Dengler. University of Bonn. FRG < ,3;: ¢
3 Qe
2 B
[

j



e

‘e

W.K. Lelbach and H.J. Marsteller

[P ]

4.1.7 Pathogenetic Considerations . . . ... .. ... .. ... .. L 43

4.2 Non-malignant Liver Disease in Vinyl Chloride/Polyvinyl Chloride
ProductionWorkers. . . . ... .. ... . ... . ... e 44
4.2.1 Clinical Manifestations of Non-malignant Liver Disease ... ... 48
422 Laboratorv Findines . ... ...... ... . ... ... ... 39
4.2.3 Gross Inspection of the Liverand Spleen . . .. .. ... ... g0
3424 Histology. . ................ R 5
424.1 BHepaticFibrosis . ... ... ... ... ... .. ...... 51
4.24.2 Sinusoidal LiningCelts .. . ... ... ... ..., ..... <4
4243 Hepatoeytes. . .. ... ... ... ... ... [¥]
4243 HistologyoftheSpleen .. ... .. ... ... ....... 4
425 Pathophysiology of Portal Hypertension . . . ... ... ..... 55
4.26 Foliow-up of Non-malignant VCM-induced Liver Disease . . . .. 57
33 AngosarcomaofthelLiver .. .. ... . ... .. ... .. ... ..., 7
431 Epidemiology. ...... oot i 57
43.2 Clinjcal Manifestations . . . ... .. ... ... ... ...... .. 74
433 PeRtONEOSCOPY . - « v v v o ittt e e e e e 76
434 Gross and Histological Morphology . . . ... ... ... ... .. 78
438 TRemaPY. o ot e e 80
436 RiSKASSESSMENt . . . .. . . . .. e e 80
4.3.7 Mortality and Cancer Morbidiry Studies . . . . ... ......... 81
33 Miscellaneous ASPeCES . . . . . . .. .. e e e 82
431 Thrombocytopenia and Platelet Function Tests .. ... ...... 2
432 Central and Penpheral Nervous System . . . ... ... . ....... 843
433 Pulmonary Changes. .. ... .. .. . i 85
1343 GeneticEffectsof VCM . . . . .. . 87
5 Conclusionand Outlook .. . .. . .. ... e 88
R BN CES . . . o i e e e e e e e 89

Key words: Acroosteolysis - Angiosarcoma of the Liver — Portal Fibrosis end Porral
Hypertension ~ Pscudoscleroderma - Raynaud's Piienomenon - Vinyl Chlonide

1 Introduction

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

Largescale production of the synthetic resin polyvinyl chloride (PVC), a thermo-
plastic material suitable for the most widely diversified industrial use, was begun
around 1930 in the United States and in Germany. The monomez, vinyl chloride
(VCM), a rather simple aliphatic compound, was believed until the early 1960s to be
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one of the leas: harmiul chlorinated hycroczroors. Early ammal experiments. as it
later tumed out. had indeed been ramed out wath dosages sufficiently high tor the
evaluation of acute effects, but chronic exposure nad not besn of sufficient Jusyuon
to reveal its carcinogenic properties. On pure:s rheoretical grouncs. however. one
might have continued to fee] uneasy witn :his compound as a polluant of the work-
place. considering that it is (1) a halogenatec hyvcrocarbon which (2) exists in ity
vapour phase under ambient conditions (innazuve exposure) and (3) contains 3 highly
reactive doubie-bond.

Today vinyi chioddeassocated pathology 13 well documented. A large body of in-
formation and data on this topic has been accumulzied, notably since 1974, but pre-
cisely a quarter of 3 century had 1o pass belore tie rull range of sympromatology at-
tributabie to this new occupational health hazard became recognized in January 1974
with the shocking discovery that haemangposarcoma of the liver occurred in produc.
tion workers heavily exposed to PVC. Ea-ly and not easly accessible repornts suggest-
ing that the monomer might be an environmental nsk for workers handling this com-
pound did not alert the experts sufficienuy. The eariiest indication of adverse effects
in workers engaged in the production and procesang of PVC, a Russian study pub-
lished in 1949 (Tribukh et al. 1949), received Ltdle attention.

Ulumately. it was the exceptonal characier of the three major lemons which oc-
curred in workers exposed to VCM that contnbuted most to the final appreciation of
a causal relationship: (1) the syndrome of acroosteolysis, Raynsud’s phenomenon and
pscudosieroderma: (2) non<irrhotic portal hvpertenson; and (3) angiosarcoma of the
liver. Particularly, the discovery of a cluster of four cases of this extremely rare malig-
nancy among 2 comparatvely small group of workers (Creech et ai. 19742) was an
alarming cxperience which called for immediate acton. It can easily be imagned that
a connection betwesn VCM and the more cormmon malignancies, such as cancer of the
lungs or the gastrointestinal tract, might sull have gone unnoticed. On the other hand,
the prolonged latency periods of both non<irrhotic portal hypertension and angio-
sarcoma of the liver, roughly 10 and 20 years respecuvely, delayed the recognition of
these two fatal consaquences of chronic exposure to VOM. But one can hardly escape
the conclusion that Viola's discovery of cancer in experimental animals, presented ata
cancer mesting in Houston in 1970, was sufficient evidence to indicate that exposure
to VOM w3s 3 very serious occupatonal hazard (Perers 1976).

It should be stressed that the noxious agent is solely the monomer. or to be more
precise, an intermediate of the monomer’s metabolic bicactiviation, which takes place
mainly in the mammalian liver and yields certain highly reactive epoxides. The poly-
merization products (PVC), ie., the solid plastic and the plastic consumer goods fabri-
cated from the polymer, are chemically inert articles which carry no health risk uniess
they coatain unreacted residual monomer. Even the combustion of articles made from
PVC (thermasl decompasition in fires) does not yield free vinyl chioride monomer; the
toxicity of pyrolysis products of polyvinyl chioride polymers and formulations is
mainly due to the reiease of hydrochloric acid and carbon monoxide (Cornish and

Abar 1969:Dyer and Esch 1976;Sorenson 1976; Moser 1976: Colardyn et al. 1976)
and only very small or no quantities of prosgene derived from residual monomer
(OMarg et al. 1971 cited by Colardyn et al. 1976).
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Technological Details

2.1 Vinyl Chloride Monomer (VCM)

At standard (ambient) conditions of temperature and pressure, vinyv! chloride (CH .=
CHCl: chloroethylene, cliloroethene) is 3 non-irritating, colouriess ¢as with a fainty
sweet odour. inflammable at concenwations above 3.8% by volume i iz, which is
only siightly soluble in water, soluble in ethyl alcohol and easily scluble in ether and
carbon tetrachloride. VCM is mainly used as an intermediate in the manufacture of
plastics, as a refrigerant and in organic synthesis. It was formerly aso employed as 2
propellant for aerosoles. 1t is easily liquefied under pressure and is usually handled and
shipped as a liquid. Gaseous VCM condenses at ~13.8°C and 760 Tosr (= 101.3 kPa)
to a colourless liquid of low viscosity (Lefaux 1966). Its physical properties are listed
in Table 1, the most important of which are its low boiling point, its high specific grav-
ity (gaseous VCM is 2.15 times heavier than air), its low solubility in water and the
half-life in air. ranging ftom 3 to 20 h.

Tabie 1. Physical properties of VOM

-

Mol. wt.: 62.503

B.p. *~13.8°C(=13.7 10 -13.9)

F.p. ~153.3°C

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

Limits of flammability: 3.8%-29.3% by volume in air above —78.5°C
{= 38 000-293 000 ppm)

Autoignition temperature: 472°C

Vapour pressure: mm Hg 10 100 692 2300 2660
°c —875 -558 -158 +20 *25

Vapour density: 2.15 gfiitre (caiculated at 25°C and 760 mmiig

. {air=])
Sp. gr. of liquid VCM: 0.9121 at =20°C’4°C

0.99 3t~-25°Cj4°C

Sources: Fairhall 1957, Irish 1963 . Zapp 1964 Lefaux 1906 Ostermayver 1907,
Roubel 1972.

2.1.1 History

The French chemist, Regnault (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 Regnaulf to investigate this compound when Regnault
spent several months in Liedig's laboratories. All compounds containing the vinyl
group (CH, =CH-) polymerize readily (Fairhiail 1957). Spantaneous polymerization of
vinyl chloride to a white opaque solid mass under the influence of sunlight was first
described by Baumann in 1872; he also quotes a paper by Savrser and Glinsky (who
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2.2 Production of Polyviny} Chloride (PVC)

2.2.1 Technology of Polymerization

The following description is meant 1o serve merely as 2 rough sketch of the procsdures
and technological details involved in the production of polyvinyl chlonde.

Vinyl chloride monomer is polymerized in large autoclaves (reactors) at tempera-
tures between $0°C and 80°C and pressures of 616 (8~12) atmospheres. Th-re are
usually several reactors (up to 10-30) iocated in one building. The reactivity of the
monomer is a function of its double-bond. The second functional site of the vinyl
chioride molecule, the chlorine atom, does not react easily. The double-bond of VCM
is not only the site from which the polymerization ofiginates but is also the source of
the toxicity and carcinogenicity of this compound when it is being metabolized in the
body. The polymerization of VCM, which is a strongly exothermic reaction (8amces
1976), is initiated with the aid of compounds soluble in VCM that form free radicals at
relatively Jow temperatures. Initiators are such compounds as lauroyl peroxide, isopro-
pyl percarbonate, azo-bis-isobutyronitride, and others. The free radicals react with the
double-bond of the monomer, transforming it in turn into a free radical and thus prop-
agating the growth of a chain of molecules with a terminal free radical. Chain growth is
interrupted by saturation of the terminal free radical which often involves a reaction
between two growing chains (Malren and Zielhuis 1964; Lefaux 1966 Albnght 1967
a—c:Domininghaus 1972;Slater 1972). The random character of such termination
steps accounts for the production of chains of different length and hence different de-
grees of polymerization, with molecular weights of the finished PVC being statistically
distributed around a mean value.

Commercial PVC polymers have average molecular weights that vary from about
50 000 to 150 000 daltons (Albright 1967b). Degree and velocity of polymerizauon,
which are influenced by temperature and the concentration of initiators. determine
the specific type of PVC produced (Frey 1973). During polymerization considerable
amounts of 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%-50% 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 2ids in trans-
ferring the heat across the colloidal system to the cooling jacket of the reactor. During
the process of polymerization certain quantities of the polymer adhere to the walls of
the reactor and form a slowly thickening continvous 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 3 dump tank. Residual unreacted viny! chioride monomer is partly solvated
in the polymer (about 10%); the remainder is dispersed in the water phase or is present
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in the vapour phase above the slurmmy. Wiule a batch is in the dump tank. this unreacted
VC monomer is retrieved by pumping 1t off into 8 VCM storage tank. Retneved VOM
is then purified by subsequent distillation for recycling purposes. Monomer solvated in
the finished polymer cannot easily be extracted since it has a strong affinity for PVC
and must diffuse through the particies: thus diffusion depeads on time and temperature.
Raw PVC resun. therefore. still contains certain quantities of unreacted monomer
(VKE 1375 Barnes (1976) reported that the polymer in the slurry still contans ap-
proxumately 300 ppm of vinyi chionde.

The slurry from the dump tank is pumnped into a storage tank (blend tank) which is
large enough to hold several batches of the product. The contents of the blend tank
are then purmped into a centrifuge which separates the wet solids from the water. The
wet polymer, a2 granular mass, is dried either in rotating tubular deyers or by spray-
drying methods, the latter being used mainly for products formed by emuision poly-
menzauon. yielding a polymer which is similar to a very fine white flour. These very
finc solid particles are fed directiy into a spray-irying column without dewatering. The
drying temperature should not exceed 60°C to prevent thermal decomposition of the
polymer. A cyclon separator at the exit end of the dryers removes coarse: particles.
The solid polvmer particies are then sized by multipledayer screens, air<onveyed to
storage bins or suos and finally packaged for shipment (A/bright 1967d). The resultant
dried powder contains about 50 ppm of monomer (Bames 1976).

90

22.2 Methods of Polymerization

Four differ=nt methods of polymerization are used for the commercial production of
PVC (Frey 1973), the firs: two now being the most widely used:

Suspension Polvmerizarion. Polymernzation is carried out in an aqueous system in
which monomer droplets are maintained in suspension by means of protective cotloids
{such as polyvinyl alcohol, gelatin. substituted celluloses) under heat and pressure in
conjuction with brisk agitation. Relatively large polymer particles can be obtained by
this method which *dry blend® well.

Emulsion Polymeriza:ion is the oidest technique, to which suspension poiymerization
was added in the 1950s. The process is similar to that in suspension poiymerization,
except that large amounts of emulsifying agents (such as soaps or other surfactants)
arc added. Emuision polymerization yields resins of a very small particie size. The
emulsifiers cannot be compistely removed.

Bulk (Mass) Polymerization. In this process VCM is polymerized in two stages without
the additon of other liquids. The two reactors are operated batch-wise and in series.
The first reactor (3 ‘prepolymerizer”) provides for the initial liquid phase, while the
sscond one is used for agitsting the slurry, which is transformed, through a sticky
solid state, to essentially dry particles until the conversion from monomer to polymer
teaches a level of about 75%=80%. The resins obtained by bulk polymerization are
characterized by high purity and particle uniformity, resuiting in an end-product of
good optical clarity.
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Serlution Polymerizarivn. This type vl orecrm1tauon polymerization is carried out in
vrganic solvents such as n-butane or cyclonexane. It accounts for only 2 small percent-
age ot the total amount of all PVC resins produced and it is used for the production of
copolymers. Copolymers are mixtures of comonomers (such as vinyl acetate. vinyl-
stearate, vinylidene chioride. propylene, acryvionitrile ete.) and vinyl chloride. The co-
monomers tend to improve flexibility and hinuted solubility of the product in soivents
and exert an influence on the temperatures required for compounding.

2.23 Compounding

As a next step, depending on the end use, the dned polymer, a whitish powdery or
granular product, is then compounded (or dry bicnded) under pressure at fusion tem-
perature with the aid of plasticizers (manly phthalate or other organic esters) and light
and heat stabilizers (heavy meta) saits, organoun compounds, and other stabilizers).
Lubrcants or dyes can be added. Plasticizers are added for the production of flexible
PVC:rigid PVC contains little or no plasticizer. These additives can aiso be a source of
toxicity . The plasticizers may siowly diffuse out of the final product depending on its
compatibility. Lead-containing stabilizers mayv also pollute the working atmosphere
(Smoltic 1966: Tolz 1975). Compounding 1s carried out by hot mixing at fusion tem-
peratures below or within the softening range (120°C-160°C). Diversified compound-
ing and processing technologies were developed about 1950.

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

approximately 5 ppm VCM and those for foodstufl packaging (bottles. films. foils)
even less.

424 Sources of Exposure to VCM in PVC Production

Both polymerization of VCM and subsequent processing (centrifuging. drying. screen-
ing, bagging) are usually carried out in closed buildings. Exceptions can be found in
hot climates (Aryanpur 1977). Polymerization is of necessity 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 poliu.
tion of the working atmosphere are exchange of parts and repair jobs. The degree of
pollution also depends to a large extent on the quality and effectivity of monitoring
equipment and special exhaust systems. Opening of autoclave vats for cleaning and
control purposes resuited in larger spill-over of the tank atmosphere into the work en-
vironment. Numerous reports of workers with prenarcotic symptoms (dizziness ctc.)
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out in permit the conclusion that episodes of acute vresrexposurs to VOMwere not rare events
i percent- in the past. ’
fagrt - of There is no doubt, however, that thuse workers who manually cleaned the auto-

~it clave vats by scraping away or chipping off the ‘poiymer skin” Jonned on the (eactor
The co- walls {"pois cleaners™). and who in the past had to spend severai hours inade the reac-
~solvents tors. kad been exposed to the highes: concentizuions of VOM. Although the vats were

dezassed pror to entry. unreacted monomer remained wrxpped in the polymer sKin.
and large: amounts of VOM were released when cavities formed 1n the polymer crust
were opened by chipping. The later introducuon of automatic cleaning systems reduc-
ed the frequency of entry into the reactors, but some manual cleaning of shorter dura-
tion sulf had to be done after every 20th-30th run. It is, therciore, plausible that, pri-

) “ o marily, the most severe adverse effects of exposure to VCM were fully recognized in
-on ;';";u those workers who had been empioyed in this job category. But the subscquent steps :
'": ;g' (centrifuging. drving, screening) also involve the release oi some ol the lesser quanti- !
"]""s_b‘le ties of unreacted residual monomer from the particles to pollute the environment if :
_x “; of ventlauon, notably of the drying facilities, is inadequate. Finished polymer, ready for !
el s shipment or subsequent compounding. still contzins small quantities of unreacted mo- :
.{;ghon nomer, which either slowly diffuse out and pollute the bagging areas during storage or ’
) m':“_ are daven out by the high temperatures necessary for compounding. ;
‘npound- ’
s Table 2. Conversion table for concentration of VCM in ambient air . :

“JUCS. M
uets is [- Mol. wt. ) i
1P = Toogw ey mHAR 3
sed in ! X ¥
ol L . 33.35 x 1000 B
R AL e ma pPlailfe ® Mol wt. ppm
wimer
<angired \Parry 1988)
A 1 mg/litre = 391 ppm

!l mgim? = 0.391 ppm

lprn = 2Somg/m® = 000256 mglitre

1y = 10000 ppm = 25.6 mg/litre
-.s¢rRTn.
wd in 225 The Expiosion Hazard
that re-
""“.‘"57‘ In the past only the explosion and fire hazard of VCM was thought to be the domi-
o "°f“‘ nant monitoring problem in handling gaseous vinyl chioride (frish 1963). This hazard
"""i ° covers 3 concantration range of 4%-22% by volume of air (40 000-220 000 ppm)
‘:""“3 (Leface 19686). It was observed that VCM. being 2.15 times heavier than air, may col-
f”’d lect s a compact laver at the floor of 2 polymerization building after spill-over from
“;’:‘;:‘)" opened tanks and may c3atch fire. At least two instances o’ disastrous VM expiosions

became known: In 1964, 3 large plant for the polymernizaton of VCM in the United
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States was almost completcly destroyed when VCM escaping from a icak detonated
(Albright 19672). Another explosion in one of the two Rumanian factories operating
at that time was mendoned by Suciu et al. (1975). Monitoring of VCM concentrations
polluting the work environment was then directed largely towards preventing VCM
from reaching the flammability fimit.

2.2.6 The Odour Threshold

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

In 1929, Schmidr and Schaumann declared that the faintly sweet gas is practically
odourless at concentrations of 5%—10% by volume. Veltmar and Lange (19772, b)
assumed an odour threshold of 5 000-10 000 ppm. Volunteers exposed 1o 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 symptoms of dizziness and sleepiness
(Irish 1963). Gehring et al. (1979) recently mentioned 32 threshold of approximately
3500 ppm. Others have claimed that a concentration of $00—500 ppm is the lower
limit for detection of VCM by its odour (Barerta et al. 1969; Cook et al. 1971: Marko-
wirz etal. 1972: Lefévre 1975, cited by Hubler 1975), Barerza 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 claimed that they
were able to detect the odour, but this was inconstant. Table 3 shows that differences
between the various estimates are at lcast one order of magnitude. The close proximity
between the perception of the odour of VCM and incipient CNS symptoms as reported

by Irish (1963), however, makes it likely that the actual odous 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 level as low as 0.4 ppm;eye and
throat irritation begin upward of 5 ppm and are noted by all test subjects at a concen-
tration of 21.6 ppm (Deese and Joyner 1969).

22.7 VCM as an Anaesthetic Agent

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

Lower limit of detection Author
2 200-10006 ppm I'eltnan and Lange 19772, b
$000 ppm Violal 974
4100 ppm Irisn 1963
3 500 ppm Gehring et ui 1979
500 ppm Barestc et 5. 10AS
400-500 ppm Lefévre 1975 icit22 by Hubie: i37%)
400 ppm Cook et 3], 1971
400 ppm AMlarkowirs eval 1972

anaesthesia because of its potent narcotic action and the wide margin between narco-
ic and lethal concentrations. In animals it produced anaesthesia at 7%o—-10% in air or
oxygen: concentrations above | 2% proved to be dangerous. The authors pointed out,
howerer, that adverse late effects of this halogenated hydrocarbon could not be ex-
cluded. In toxicity studies with guinea pigs Parry et al. (1930) found concentratons of
10% VCM to be lethal within 30560 min. 5% to cause marked narcosis, and 0.5% for
several hours to be the maximum tolerable exposure without sesious effects. They also
commented upon the potential use of VCM for surgical anaesthesia but were undeter-
munsd about its practicability. In mice, the minimal anaesthetic range was found to be
3.5-5 mumol (85 000—-122 000 ppmm) for 10 min, the minimal lethal range 1012
mmol (244 000-293 000 ppm) (Peoplics and Leake 1933). It was not until 1947 that
Oscer et al., in contrast to Schoumann’s earlier assumption (1934) of a relatively low
cardiotoxicity, warned against the use of VCM as a potential general anaesthetic in
man because of serious cardiac irregularities and ECG changes observed in dogs. VCM,
like other halogznated hydrocarbons, sensitizes the heart to the effect of catechol-
amines (/7ish 1963). We could not ascertain whether YOM has actually been used in
the past for anaesthesia in man.

2.2.8 Effects of Acute Overexposure in Man

Some individual responses of volunteers to increasing concentrations of VCM are
listed in Table 4. Lester et al. concluded in 1963 that the maximum concentration
without acute effects in man lies between 8 000 and 12 000 ppm for § min, and that
symptoms such as dizziness, light-headedness and disorientation should be taken as
adequate waming signs for imminent acute danger. Two fatalities after occupational
exposure to high conceatrations of VCM are reported in the literature (Danziger 1960).
A 2].yearold autoclave cleaner at a Canadian polymerization plant was found dead

10 min after entry at the bottom of a probably insufliciently ventilated reactor tank
which had been declared safe solely after an explosiometer test. Hear failure cells and
cardiac enlargement found at autopsy, however, implied that the cause of death might
have been acute functional disturbance in pre-existing heart disease. In the second case
which occurred at the same plant, however, circumstantial evidence apparently lef: no
doubt that heavy VCM exposure was the cause of death in a 39-vear-old worker. He was
found dead within 20 min, lying in a pit near the opened vaive of a recycling pipeline
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Table 4. Individual responses of volunteers to increasing concentrations of YCM

Concentration Duration of Sympioms Reterence
exposure
500 ppm 75h tInconstant odour detection) Burcrra et 4l
mild headache,dryncss of (1965
eves and throat in 2 of 7 subjeyts)
~<4 000 ppim - Generlly accepted odour Irisi: 11963}
threshold
6 600 ppm 30 min {Distinct odour) Irish (1963)
dizziness, sieepiness
8 000 ppm . 2 of 6 subjects ‘slightly heady’
12 000 ppm . 1 of 6 subjects had resling.
swimming head, ‘just like
S mind (twice on  getting gas’ Lester et al.
16 000 ppm { ecach of 3 succes- S of 6 subjects, various degress  (1963)
sive days) of intoxication
20 000 ppm All 6 subjects had more intense

symptoms Of dcute intoxication
than at 16 000 ppm

25 000 ppm 3 min Jexperimenters: Parry er al.
dizziness, disonentation. (1963}
buming sensation in the soles
of the feer

3 Exposure 1o six different concentrations: 0 ppin: ¢ 000 ppm: 8 000 ppm: 12 000
ppm: 16 000 ppm: 20 000 ppm

thro&gh which non-polymerized residual VCM was pumped back into 3 reserve tank:
anothet man coming to his rescue was himself overcome by the gas and only just
escaped. ’

Two non-fatal cases of VCM gassing were reported in Great Britain in 1951 (Spirras

et al. 1975). A maintenance worker experienced acute narcosis while tepairing 3 VCM
leak, and a worker cleaning a polymerization vat from outside with 3 water jet sudden-
ly collapsed across the open manhole. Subsequently he complained sbout 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 a1 Niagars Falls and by Suciu
et al. (1963) at a Rumanian piant. VCM-induced narcosis, at jeast on one occasion in
the past, had occurred in 46 of $8 workers (797%) referred for medical surveillance
from one British PVC-producing plant (ivand et al. 1976), with a 10075 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 Rezv et al. (1974).

Vinyi Chior
2.29 Moni

During the 1
ed data on \
was directed
an apparentl
1954 Plesiic
Gronsberg tu
Russian poly:
005-008m
centration of
Inspectorate ..
or from the ¢
mg/litre (= 1;
mgjlitre (= 3<
In the cen
air ranged fro:
Ppm, which w
ventiation. T}
trations, some
pursuit of img
ment in the vi.
ic drying facili
centratjons of -~
continued to b
mitted concer:
Inaplant;
the range of 0.
ppm (293 mg’
ication apparas
remarkable the
the liver, althe
past have prob.
Byrén et al,
which occurrec
cated peak exp
between 1962 .
Rumanian PVC
about 120 mg,
exposures to V!
300 Rumanian
Greek plant wh
resulted in high
(Gitsios 1971).
of the reactors !
up to 10 000 p,



J. Muarsteiler

A Y

————
=
— —

oree 2t 3h
'©09)

243865

1(1963)

wier=tal.
I3)

siv et al
n3)

12000

tank:
1, 48t

. 1951 (Spir-us
witing a VOM
127 jet sudden-
t tightness of
WUSDLSs was
and by Suca:
- negasion in
rreillance
neidence of
~teolysis).
-Taton with-
=

Viny! Chionde-Associated Diseasw 13

2.29 Monmtonng VCM Coneentrztions in '\ Sraing Areas

During the first two decades of PVC preduztion (1930-1950) no publication contain-
ed data on VOM concentranons in the wo-.ing ¢maronment. The mau interest then
was dirscted towards prevention of the c\oiosion hazard. In 1957, the ovpsarvanion 0!
an apparently toxic angioneurosis in Russ:an PV C production workers (Sournarz
1984: Plesheheser et al,, cited in Filato: 2 znu Sronsberg 1937y indvieed Frlgrovs and
Gropnshorg to investigate eavironmenty Y00 conzentratons a vanous sants of 2
Russiza polvmenzauon plant in Gor'iyj Altiougs most readings were in the rangs of
0.05-0.08 mg/litre (= 20313 ppm). e 3. Setow the maximum pennitted VCM con-
centration of } mg/litre (approxamately 400 pom) as specified by the State Sanitary
Inspectorate at that time, escapes of VO in the reactor areas from derzctive fittings
or {rom the discharge of operating autociaves resuited in excursions up to 29.5~41.4
mg/litre (= 11 S00-16 200 ppm) for peniods of 510 min. One peak reading of 87.3
mgslitre (= 34 000 ppm) was recorded.
In the centrifuging and drying area of thx plant the VCM content of the ambient
air ranged from 4 pom to 3 100 ppm with most readings between 20 ppm and 19§
ppm. which was attributed to release of regdual VOM from wet PVC resin and poor
ventilation. The screening and bagging area was characterized by high dust concen-
trations. sometimes exceeding the oificial upper limits set jor non-toxic dusts. In the
pursuit of improving industrial hygene, the installation of modern ventilation eguip-
ment in the vicinity of the autoclaves, substitunon of hand-operated by semi-cutomat.
1w drving facilities. and avoidance of Jeakages succeeded in reducing the ambient con-
centrations of VCM to below 0.05 mg/litre (= 20 ppm), but toxic angioneurosis still
cnntinued to be diagnosed. This led the authors to recommend that the maximum per-
mutted concentration of VOM should be reconsidered.
In 2 plant producing VOM, Filarorg et al. (1958) found lower concentrations in
the range ot 0.04—1.1 mg/litre (16—430 ppm), with maximum values of about 1200
pem (2.93 mg/litre), the latter having been observed in close proximity to the rectif-
ication apparatuses and having resulted from spillage during sample collection. It is
remarkable that up to now the Soviet Union has reported no cases of angiosarcoma of
the liver, dthough production of PVC reuins started earty and VCM exposures in the
past have probably been in the same range as those observed in Western countries.
Byrén et al, (1976) pointed out that during the 1950s episodes of unconsciousness
which occurred among workers of the one Swedish plant operating at that time indi.
cated peak exposures of 3t feast 10 000—15 000 ppm. Suciu et al. (1975) noted that
between 1962 and 1972 2 reduction of the average VCM concentration in the two
Rumanian PVC phnts had been achieved from 2298 mg/m> (» 900 ppm) in 1962 to
about 120 mg/m? (= SO ppm) in 1965~1972. In 1969, Angi:elescu et al. mentioned
exposures to VCM concentrations of 112545 mg/m? (44—213 ppm) for a group of
300 Rumanian workers, eight of whom (2.7%) had Raynaud's phenomenon. At a2
Greek plant which started operation in 1967, certain stages in the production process
resulted in high concentrations of VCM in the work environment for brief periods
(Gitsios 1971). In air displaced from resctars during addition of water and on opening
of the reactors to obtain PVC samples at tie end of 3 reaction cycle, concentsations of
up to 10 000 ppm were found. In open waste drums into which waste polymer scraped
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in 1970 in conformity with the proposal of Tarkefson et al. (1961). which was based -
on the results of their animal expeniments. In June 1974, when the carcinogenic prop-
esties of VCM had been well established. the MAK regulation for this chemical was re.
pealed and instead a preliminary technical su:deline (Technische Richtkonzentration)
of 50 ppm was instituted (VKE 1975). The Chemical Industries” Liability insurance
Association ( Berufsgenossenschaft der Chemischen [ndustrie) also issued instructions
for the prevention of health hazards ar:sing from handling of VOM in July 1974, As
of July 1975, a technical guideline (TRK = Technische Richtkonzentration) of S ppm.
defined 3s annual mean, for PVC-producing and -fabricating plants was instituted. pe:-
mitting excursions up to 15 ppm duning penods of not more than } h. In order to
adapt operating plants, a provisional regulation was issued with reduction of the an-
nual mean concentration to 20 ppm as of July 1975, and 1o 10 ppm as of July 1976
and peak concentrations over 1-h periods not exceeding 60 or 30 ppm, respectively
(Veltman and Lange 19773). The technical guideline (TRX value ) was revised in 1977
(2 ppm annual mean/5 ppm per | h).

In the United States the threshold Limit value for VCM was originally set at 500
ppmin 1947. It was reduced to 50 ppm in Aprd 1974 25 2 temporary emergency stan-
dard and finally reduced to | ppm/8 h in 1976. Haley (1975) summarized the conflict-
ing views on viny] chloride regulations proposed by Government and industry in 1974,
Table 6 shows threshold limit values in a number of PVC-producing countries.

2.2.12 Exposure to VCM Oumside the Working Area

The Environmental Protection Agency estimated that PVC-producing plants in the
United States discharged about 90 million kg VCM annuaily into the environment
(472877 losses), most of it as air emissions and lesser quantities dissolved in water
effluent streams and enyapped in sludge and solid wastes (Sc/nveirzer 1975). In 2
pioneer study, concentrations of 1 -2 ppm VCM were found in the ambient 2ir near
such a plant IARC 1974), 2-3 ppm in the primary water effluent and 100200 ppm
in the siudge at the plant site, but sampling and analysis methods used were later
found to have been inadequate so no conclusions were drawn from these figures since
they could have been in error by as much as one order of magnitude (Schweirzer
1975). For people who live within § miles of monomer and polymer production facil-
ities in the United States an average exposure of 17 ppb during the years of uncontrol-
fed emissions was calculated (Nicholson 1977).

In the past VCM has been widely used as an aerosol propellant, either alone or mix-
ed with fluorocarbons, hydrocarbons and inert organic gases, in houszhold and cosmet-

ic products (hair sprays, deodorants, pesticides, room disinfectants, pant sprays,
fumiture polish and window cieaners). In Germany, VCM was proposed as propeliant
for aerosols in 1958 (Ostermayer 1967), in Japan it has been used as a propellant since
1958, in the United States this use was probably introduced after 1962 (Scinveirzcr
1975). As an acrosol propeliant, VOM has been a possible source of exposure for the
public at taree. particularly for women, the extent and the potential health implica-
tions of which are unknown. Use of aerosol products in confined spaces has been re-
ported to result in air concentrations of VCM of up to 400 ppm in closed rooms,

even after only short bursts (30 s) (Gay et al. 1975), which could persist for several
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Table 6. Threshold limit vajues 1 TLV) in vanous countries

Country Year TLV Comment
'prmi
Belgium {oTe 28/50 TWA S arlf mim
Canady 1975 10/28 TWA (8 17/15 min)
Finland 1875 $10 TWA S h 13 mine
Fraace 1975 25 TWA t8 h)
German Democratic = <00 MAC (Schotrek 1969
Repubdblic (DDR) 1976 g0 (Konerzke et a}. 1978)
Iran 1976 25/50 TwWA8h/i h)
Ialy 197§ 0 TWA (8 h)
(furure) (25/50) ITWA  h/1S min)
Japan 1870 $00 MAC
1974 200 MAC
1975 410 {25 mg/m?)
Netheriands 1975 {1} TWA (8 h)
Rumania - 100 mg'm? MAC (Prodan et al. 1575)
(40 ppm)
Sweden 1975 5/20 TWA (8 h/15 min)
1976 175 TWA (8 /15 min)
Switzerland 1975 100 MAC
(future) 10 TWA (8 1)
United Kingdom 1975 >5/50 TWA (& /15 min)
October
197§ 10/30 TWA (personal/ceiling)
USA 1947 500 MAC (Amer. Conf. Governm.
Industs. Hvgenists)
Aprl 50 TWA (2 h). temporary emergen-
1974 oY standard (OSHA)
October 25 TWA (8 h). temporarily permut-
1974 ted exposure
1976 115 TWA (3 h'1S min)
USSR - 1 mg/litre MAC. provisional ceiling concen-
(391 ppm) tration: Stare Sanitary Inspec-
torate. 1987 (Filarora and
Gronsdery 1957)
- 30 mg/m? MAC (Schorrek 196%; Keztner
(312 ppm) 1975) (Sanitarnye normy)
Federal Republic of 1946 $00 MAK
Germany 1970 100 MAX
June o0 TRK (preliminary technical
1974 guideline). Annuiment of
MAK reguistion.
197§ L7145 TRK (annual mean/! h)
1977 /5 TRK (annual mean/1 h)

Sources: Smyth 1956: Filarove
73:1ARC Repornt 1973 Haley
1977. Schirz and Wolf 1977;

and Groasderg 1957; Schortek 1969 Henschler 1972/
1975, Sekade 1975 Prodan et al. 197S. Aryanpur
MAK-Werte-Liste [977: Ketrner 1975
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hours after repeaied sprayimg in smalier-sized rooms (IARC 1973). Haley (1975) pre-
sented a list of pesticide products containing VCM as o propellant and registered for
indoor use, which were banned in 1974 by the Food and Drug Administration. In
Japan. the monomer was 2lso banned as a propellant in 1973 (JAMA 1973, 229:855).
There is a case on record of a worker who dicd from noncirrhotic portal hypertension
and angiosarcoma of the liver after 14 yvears” employment at a3 chemical piant in south-
em Germany where he had been engaged in loading such pesticide cans (Reinf and
Webor 1974). The report of 3 female office worker sutfering from typical Roynaud’s
phenomenon, pseudosclerodernina, acroosteolysis and mandibular osteolysis who never
had occupational contact with VOM (Meyerson and Meier 1972) is apt to make one
wonder what influence the frequent indoor use of VCM.propelled spray cans (Bridhord
et al. 1975) may have had in this unique case. Sputum samnples collected from frequent
users of pressurized spray cans who had no respiratory symptoms were found to con-
tain 2 significant excess of moderate and marked atypical metaplastic bronchial cells
compared with two groups of controls (Griod et al. 1975).

PVC botdes. films and foils have been used for many years for packaging food and
beverages (cooking oil, margarine, meat, mineral water. fruit squashes and other soft
drinks. hard liquor etc.). The content of residual VCM in PVC bottles was found to
have ranged formerly between 5 and 300 ppm (w/w), and in PVC foils up to §00 ppm
(van Esch and van Logren 1975). The problem of migration of unreacted VCM from
the PVC containers into the foodstuffs became recognized in 1973. Reports of un-
pleasant tastes in American brands of vodka and whisky which had been stored in PVC
bottles led to the discovery that VCM had leaked into the liquors;in some samples
levels up to 10~20 ppm (w/w) were found (van Esch and van Logien 1975: Duvies and
Pcrry: 1975). Data available in 1974 to a group of WHO experts revealed that samples
of gin and whisky had contained 0.57 and 0.62 ppm (w/w) of VCM respectively. after
storage in miniature PVC bottles for periods up to 3 years: YCM concentrations 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, tespectively (IARC 1974). Levels of 0-0.4 ppm found in British
PVC-bottled liquids were mentioned by Davics and Perry (1975):in their own analyses
of samples of PVC-bottied spirits supplied by British Airways they found concentra-
tions of 0-0.25 ppm (w/w). Methods were developed {or the detection of VCM in
liquids with 2 maximum sensitivity down to the | ppb level (van Liernp and Stek 1976:
Dressman and McFarren 1977). It was tentatively estimated that even during the years
when PVC-packaged food and beverages had not been heeded as a potential source of
contamination. the likely average daily human intake of VCM from this source could
have been in the order of 0.1 mg/person (IARC 1974), Schlarter (1976) calculated
that today it would be less than 0.01 mg/person (equalling 250 mg during a whole
life time); in comparison, he calculated that the inhalational intake of VCM in diseased
workers who had been exposed to concentrations of 500—1000 ppm during 3 period
of 10--20 years would have amounted to at least 25 kg. The Association of the
German Plastics Industry expects that the use of technology available at present for
the production of PVC food-packaging materials decreases the VCM content of food-
stuffs to below 50 ug/kg (50 ppb) even after prolonged storage (VKE 1975). Results
of carcinogenicity assays in experimental animals after oral administration of VCM
are discussed in Sect. 3.3.
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3 Toxicology of VCM

3.1 Acure Toxicity

Dunng the first thres decades of PVC producuon. animz! 2xpenments were linuted to .
the assessment vl the acute inkalational toxcity of VCM in short-term exposures i0
concestrations varymg deiween 5O 000 and <00 Q00 ppm (Pusit et al. 1930 Penples
304 Lewke 1933 Schicumann 1924 1938: Osrer et al. 197 Carr et al. 1939 Mastro-
marren et al. 196Q: Leszer ev al. 1963). In muge. rats. guinea-pigs. rabbits and dogs
anaesthesia. deep narcoss, cardiac arthythmias and lethal etfects were observed within
this range of’ exposure but no relevant organ pathology was noted except for conges-
tive and haemorrhagic changss in lungs. liver and kidneys on fatal outcome. Acute
hepatocellular injury was later found only in animals pretreated -with potent enzyme-
inducing substances (see Sect. 5.4.2.2).

X7 cpad & 40132 R

32 Chronic Toxicity

Torkeison et 3l. (1961) were the first to describe results of experiments with prolonged
exposure to concentratons ranging from S0 to 500 ppm, T h/day, § days/week, for
4.5 -6 months. All species tolerated exposure to 50 ppm for 6 moaths: 100 ppm,
however, caused an increase in liver weight and 200-500 7pm caused, in addition,
histological changes in the liver and kidneys of rars and rabbdits, but not in guinea-
mes and dogs. An increase in liver weight and decrease in splesn weight was also seen
ir rats exposed to 20 000 ppm, 8 h/day, S days/week. for 3 months by Lesrer et al.
11963} no histological lesions were found after 3 moaths. Soviet investigators at the
Gor'kij Institute were mainly interested in neuroendocrine changes after prolonged
exposure of experimental animais to various concentrations of VOM. Cardiac arryth.
mias. bradycardia, changes in phonocardiogram in rats exposed to 12-20 ppm (003~
0.05 mgjlitre) for § months were reported (}'ezin and Plokhnre 1969b) as well as in-
creased secredon of catecholamines in rabbits and changes in the biopotential of the
posterior hypothalamus (Vasor and Plokhove 19693). After 3 § S-month exposure to
3500—4000 ppm (9-10 mg/litre ) changes in the bioelestric activity (EEG revordings)
of the cortex and the anterior and posterior hypothalamic nuclei in rabbits with con-
comitant changes in circulatory functions were seen (Fazor and Plokliore 1968). Ex-
posure of rats and rabbits to 0.03-0.04 mg/litre (12-16 ppm) for 6 moaths produced
resorptive bone changes and osteoporosis in addition to cardiovascular and central
nervous system dysfunction (Bzseiser et ai. 1972). (n 1969 Schorrek summarized
available evidence for VCM toxicity and wamed urgently that chronic exposure 10
VCM shonuld be suspected of causing toxic liver damage. He moved that the currently
statutory maximal aliowstie concentration of 200 ppm (MAC value, German Demo-
cratic Republic) should be owered. .

Of particular importance as pionesr work were [inla’s experiments (1970a, b;
Vioka et 3l. 1971) with exposure of raws to 30 000 ppm, ¢ h/day, 5 days/week, fora
full year. It was only after this length of exposure that histopatholugical examination
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revealed lesions similar to human acroosteolysis and also similar to the type of non-
tumorous liver diseases which we observed in PVC workers 3 years later (Marsreller et
al. 1973). Vioia described lesions of the skin, the small arterial vessels, the connective
tissue and elastic reticuluin of the paws, and periosteal prolijesation with chondroid
metaplasis of metatarsal bones. Fibrosis of small peripheral nerves and degenerative
changes of the grey and white matter of the brain were prominent. whereas the kid-
nevs were not markedly affected. The liver showed pronounced degenerative lesions
with parenchymal necrosis, cytoplasmic and nuclear polymorphism, abnormal proliter-
ation of hypertrophic Kupffer cells and intense fibrosclerodc reactions.

33 Oncogenic Properties

The earliest documentation of the carcinogsnic action of VCM was Viols's preliminary
report presented at the 10th International Cancer Congress in Houston, Texas in May
1970a. Of 26 Wistar rats exposed to 30 000 ppm for 12 months 17 developed epider-
moid carcinoma, mostly in the paraauricular region; 6 also developed adenocarcinoma
of the lungs and § osteochondroma of metacarpal and metatarsal regions of all 4 limbs
(Viols eval. 1971; Viola 1974). Malroni and Lefermine (1975) later interpreted these
paraauricular tumours as arising from the sebaceous glands of the exterior acoistic

duct, also known as Zymbal's glands, the cell matrix of which seems to be the target tis-

sue of a number of carcinogens. They were of the opinion that the pulmonary malig-
nancies were metastases from the Zymbal gland tumours. Autoradiograms of sections
of whole rats dosed orally with [! ¢ C]dabelied VCM revealed a discrete localization of
'“C in the paraauricular region (Zymbal gland®) and in the region of salivary glands
anc Harder’s glands (Green and Hatinway 1975). In this context.Yeumann et al. (1979).
who analysed the peroxidase activity i Zymbal glands of Wistar rats, proposed the
concept that peroxidasemediated bioactivation of carcinogens (in their study: stilbene
derivatives) might offer an explanation for these tissue-specific effects.

At the end of 1970 Malroni and his group, with the support of [talian, British,
Beigian and French chemical companies, started to plan and subsequently execute 2
largescale carcinogenicity bioassay designed to study the effects of chronic exposure
to VCM in relation 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 Maltoni and Lefemine 19743, b, 1975; Malroni et al. 19742, 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-
sarcomas, nephroblastomas, puimonary tumours and mammary carcinoma, as well as
a humber 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 80 Sprague-Dawley rats each of which had been treated with the
‘highest doses of 50 and 16.65 mg/kg body wt. (Maltoni et al. 1975). Malroni (1977)
succeeded in demonstrating that the route of administration of this clearly multipo-
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on- tenual carcinngen may signiticandy vam e Lo o mzoolascic response. In 3 subacute
iler et study of orad VCM toxicity. lasting only 15+ rer = winch razs were given VOM dis-
wct scived in sova bean oil by gavage in dady 2w o7 37 100 and 300 migkg body wi..
ireh S days,wesk, Feron ¢t al. (1975) foung 2 sign.loant norease in fiver-io-body weigiit
iirve s=tio oaly at the highest Jose level. This was .azzroreisl 25 3 merely nonspecitic reac-
kid- uon not necessarly indicative of a toxic response  Busec on these results, Feron et al.
ions : placed the oral no-toxiceffect level 2t 30 mg VM k1 sody wt./dav and suggested that
oroiirer- the no-toxic effect level may actuallv Se 2ven nizne: 2, mbal dand sarcmoma. hepans
angiosarcomas and nephroblastomas had never oz:.—e2 spontaneously in the bresd of

Sprague-Dawley rats used at the Bologna Insuri:e The aeoplastic response to VCM
proved to have a Jdireet dose-time relatonship. Eve~ eveis of 30 ppm were carcino-
genic in rats and mice. Later.Walroni (1977) found exoosure to 25 ppm VOM also to

" 10. 5 and 1 ppmin a study which, howeve: s 51! \ncompiete (quoted from Griciure
Timunary

; 1979). Another Amencan study designed o comp.ement Maironds results confirmed

" \ fay the dose-related inducton of liver angiosarcoms and marmary carcinoma in mice at

“?'d"' exposure levels of 2300, 200 and 50 ppm (Kepiuiger et 2l. 1975). On reexamining
.r:ﬁ;:; hustological slides of his past experiments, Vioiz itesalso detected angiosarcomas of ,
{ these the liver and other malignancies of skin. iung and intesundn his rats: he also reported ,

the induction of skin acanthomas and pulmonary adenocarcinomas ir rabbits after ex-
sosure to 10 000 ppm VOM. 4 h/day, § days/week Tor at least 15 months (Malzoni et g -
al. 1974b: [ARC 1973). Malroni and Lefemine (1975) considered the effect of VCM on

ot
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g endothelial tissue 1o be a systesuc one since they found dilatation of blood spaces, hy- 2>
;;nons. perpiasia and atypia of endothekial cells aiso in organs and tissuss other than the liver, Syt
mon ot even in the 3bsence of angiosarcomas or benign angiomas. Evidence of hepatic fibrosis Lyl
:..;:xds‘ w3s scanty ard inconstant in their animals and was more likely to occur at the jower %
.(1979). doses. In the spicen of treated rats and mice fibroangoblastic proliferation undergoing ﬁ." 5

"f' fibrosis was frequendy observed. No acroosteolytic lesions were found. but a few cases x5
- stilbene of oxifying angivsarcoma were observed. A potenual transpiacental carcinogenic ef-

fect was suggested in 1975 by the development of subcutaneous angiosarcomas in the
2 olfspring of breeding animais exposed for 7 day's during pregnancy (Maitoni and Lefe-

Tiv e mine 1975). Later, Maltoni (1276) detecred angosarcoma in the offspring of rats ex-

3sure posed to VCM during the period betweer, tne 1 2th and 18th day of pregnancy (quot-
|ddoa,-” ed from Gricitite 1979). Hepatoceilular carcinoma was riot found in acult animals but
Hroni it was seen to develop readily in newborn animals. possibly in connection with the im-
3). Con- maturity of their bioactivation pathways (Maltoni 1977V, Exposure of newbom rats
'm 500,' to 2000 ppm VCM, 8 h/day, § dave/week, for at [east 4 weeks elicited preneoplastic
:h":‘ pen- foc: of hepatocetiular ATPase deficiency, notably in female animals (Laib et al. 1979).
“ther ma- Hobmberg et al. (1976) exposed mice to 50 and 500 ppm VCM, § h/day, 5 days/
3::;'8 week, for 52 and 26 weeks respectively. They did not observe hepatic fibrosis or
.5 were spieen changes. but multipls benign alveologznic adenomas devtlop;d in 18 of 24 ani.
J in olive mals exposed to SO ppm and in ail 24 animais exposed to 500 ppm’ . In addition. sub-
. shimals cutaneous and/or subperitoneal haemangiotarcoma developed in 14 animals of the 50-
- with the ppm group and in 8 of the S02-ppm group. Only one haemangiosarcoma of the liver
19T
-aftipo. 1 See aiso Winell et at. (1375

12080112

——

y—

|

[P



o smiman

-4 W.K. Lelbach and H.J Marsteller

was found in an animal exposed to 500 ppm. A few mammary adenocarcinomas. one
rhabdomyosarcoma and one renal haemangiosarcoma were also s¢en. From their ex-
petiments Hoimberg et al. concluded that a lower exposure over a longer period may
intensifv the cancerogenic response and that an inverted refationship between dose
level and latency time seems to exist in the case of VCM. as had alresdy been observec
with other carcinogens. Recently the results of still another animal experiment with
exposure of Wistar rats to S000 ppm. 7 h/day. 5 days/week. for 52 months was pub-
lished by Feron et al. (19792, b: Feron and Aroes 1979) in an eventually fruitless at-
tempt to elaborate suitable parameters for early detection of VOM.disease in man. Ear-
ly effects were 2 shortening of bicod clotting time and the occurrence of swollen and
maiformed hepatocytic mitochondria. At a later stage progessive tubulonephrotic
changes in the kidneys, foci of celular alterations in the liver with reduced glucase-6-
phosphatase activity in hepatocytes, strong sinusoidal activity of alkaline phosphatase
and increase of smooth endoplasmic reticulum in parenchymal liver cells were observ-
ed. In the final stage greas of necrosis in the liver parenchyma, focal dilatation of sinus-
oids and proliferation of normal and atypical sinusoidal cells, multicentric hepatic an-
giosarcoma and Zymbal gland carcinoma occurred. Feron et al. (1979b) also observed
hepatocelular carcinoma in three animals, Surprisingly, the induction of very malig-
nant metastasizing carcinomas of the nasal cavity originating from the olfactory epi-
thelium and Bowman's gland was noted, which had not been reported before in con-
nection with VCM. Marked hepatic fibrosis was only seen within fully developed an-
giosarcoma or as a reaction 10 extensive necrosis of the hepatic parenchyma. The in-
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Table 7 (continued)

Year Reference Findings

Progressive tiuckemng of hands Jnd roressms.
Jrtitralg:a. Blanchine upon exposure (o 0old
With ¢vanosis Of hapds accompanied Dy severs
pain. SKin biopsy

1972 Markow:ez et ai,

jo=2 Jihe and Lange Ist German rzport of T worker with so.ersderma.
like sk:n lessons, Ravnaud's syndrome. and
acroosteoiysis. Tests showed abnormal liverin
2. occlusion of digital arzenics in 1 worker

1873 Marseeiler et al. Noncirrhoue portal {ibrosis with portal hyper-

tension and splenomegaly

19740 Creech et al. 4 cases of angosarcoma of the iives

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

A first indication of adverse effects due to chronic VOM exposure arose in workers at 2
plant producing VCM who presented with symptoms similar to Raynaud's phenome-
non (‘toxic angioneusosis). This was reported by Smiimora in 1954 and later described
1n cetail in her thesis (1959). The syndrome was found predominandy in laboratory
personnel who had intermittently been exposed to high concentratioas of YCM during
hourly sampling for chemical analysis (purity of the product). In 1954 Ravnaud’s syn-
drome was also obsersed among several workers at a Japanese PVC producing plant
{Kubora 1957). Apart from 1 painful vasospastic disorder of the hands. impaired ther-
moregulation, asrocyanosis, positive cold test. capillaroscopic aiterations, parsesthesias,
and CNS symptoms such as headache, blunfing of memory and sleep reversai, Smtinora
(1953) alsc mentioned sweiling of fingers and cevelopmen: of circumseribed skin in-
durations on the volar side of the forearms in those most severely attected. In addition.
thers was evidence of mild haemolysis (borderline anaemia, decreased osmotic fragility
of red cells, urobilinugia, and reticulocytosis). In 1961 Smirove described radiographic
evidence of destructve bone lesions of terminal phalanges in the hands identical with
acroosteolysis in three workers at a2 PVCproducing plant (one fitter. two centrifuge
operators) after exposure for 3-9 years, Since these bone lesions developed in con-
junction with ttoxic angioneurosis’ and since complete recalcification of the defects
was found in two workers 3 years after removal from exposure, Smimove believed the
lesions to be characteristic of chronic VCM intorication. She pointed out that their
reversible charzcter might serve 10 distinguish the lesions {rom similar defects seen in
vibration traumas. Ia retrospect, Simirnova’s observations are the eartiest descriptions of
the full range of symptoms which much later became known as ‘the syndrome of oc-
cupational acroosteolysis’.

In 1963 Suviz et al. (sce also 1967 and 1975) published the {irst comprehensive
amalysis of thetr observation of 3 multiform symptomaiology in subactue and chronic
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32 W.K. Lelbach and H.J . Muarsteiler

VCM intoxication. During a 4-year period, they examined 168 mostly young workers
from two Rumanian PVC.producing plants who had not previously been empioyed in
other industries. In their classic paper. the authors described in detail the various cen-
tral nervous, digestive, angioneurotic and cutaneous symptoms (listed here in theit
order of manifestation). Acroosteolysis. however, was not mentioncd. Episodes of
acute overexposure (usually occurring at the end of a batch run, during retrieval of
unreacted monomer, or at repair jobs) rapidly resulted in 3 state of light-headedness
and transient euphona similar to a mild degrec of inebrizty and were accompanied by
a feeling of heaviness in the legs and disturbed locomotor coordination. Several workers
claimed to have been able to identify escaping monomer by its faint but agreeable
odour. Apparendy Jduring periods of particularly high ambient coneentrations, workers
repeatedly noticed formication in the lower limbs and a general feeling of bodily
warmth. Six subjects had experienced loss of consciousness when repairing Jeakages.
but recovered rapidly after being carried out into the open air, After a few months of
work, unusual fatigne and slecpiness set in, there were complaints about persistent
somnolence, even outside the work premises. and a tendency to fall asleep at the work
place, particularly during night-shifts. In addition, headache, dizziness. irritability,
blunting of memory, paraesthesias, and general weakness were reported: some workers
noticed insomnia or sleep reversal.

A reapprais3l of these nonspecific complaints (see also Fale et af. 1976) 6 years
later, after improvement in industrial hygiene, revealed that the frequency of their oc-
currence had considerably decreased (Suciu et al. 1975). Following a prolonged period
of repeated overexposure, vague nonspecific digestive symptoms also Jeveloped. such
15 anorexia with easuing weight loss. nausea, fullness, upper abdominal discomfort,
bloating and epigastric pains. Enlargement of the liver was found in 51 workers (3072):
in 67 there was also spienomegaly. Classic Raynaud's phenomenon was found in 6.
but 3 tenfold higher percentage of the total work force showed svidence of vasospastic
alterations on plethysmography (Raucher et al., cited by Suciu et al. 1975). Pruritus
of the hands, forearms and face was an early complaint followed later by what was
theought to be (allergic?) *contact dermatitis’: finally, nodular and scleroderma- or
scleroedema-ike cutaneous lesions deveioped in some workers, involving the dorsal
surtace of the hands, the volar side of wrists and forearms and the face, with tirm
thickening of subcutaneous tissue or formation of whitish papular or slightly elevated
plaquelike indurations. The cutaneous manifestations iargely disappeared after removal
from the work place. In addition, mention was made of features of hypothyroidism in
a few workers. Also, transient loss of libido in 247% was recorded. with return to nor-
mal after 2 break from work or during holidays.

With the exception of acroosteolysis and the two most alarming late sequelae —
noncirthotic portal hypertension and hepatic angiosarcoma — Suciu’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 intoxication.
Later publications supplemented the spectrum of knowiedge mainly by providing ad-
ditional information on epidemiological, roentgenological. thermographic. angiograph-
ic, and histomorphological aspects of the lesions encountered in subjects chronically
exposed to VCM. ’

£O80TIS

Vinyl Chion

The discs
two Belgian .
classifiable d
marked the 1.
svndrome we
year a numb-
United Statz:
cases of OAQ
the various pi
end of 1979,
vascular phen.
symptoms th:
begin with ill-
the fingers are
tips on hard >
to cold accon:
are likewise 2.
ance of painii.
osteolytic pro
with striation

Tabie 8. Publ..

Year

1965
1967
1967
1967
1967
1969
1969
1971
1972
1972/1973

1973
1974
1974
1975
1975
1976

1978
1979

3 Oneof 2.

‘;5;73.‘;1\')’"‘ .

o~
hrana S

R,



o v

A
V-‘\{)lr.

.,.
SR

and 05

«
rod .
oy A

Ay

24

-~

A

S K"‘»‘_l‘
n
e,
[y

u..,"'

QoY s
85,

(3
\

Aty

WAns

Vg
" |
sornbeint

godat iz
Qe WA
<.

‘g
F Q

i

.(‘.‘);u ,‘ﬂ

o

1§26 9DYDS 3351 $35T3 Pa1adsns g "UOHIPPE UL 'S3TI LI 2 10 3UQ

gc!
T 32 uyDy . 4 [atsy 6461
24131y pUt pWDH $ natug 86!
(8:61)
VOISWYOL JJIYIIIY 43X DAL 27TC 13 MOISILG p  wopsuly paup 9L61
BLREPY; LV ITy 1 wopdury paun $i6i
RLRLRE ¥4 r vsn sLol
‘£33 ddny )] 1 vsn rLol
‘1013 wyneyy » s g w161
¢ #{2NQDy PUT NINIYLL t urdep €161
: Auruudo
(Q°T)°IC 32 NS UML) PUT Iy0f 9 joonqnday pag  L61/IL6!
RAREEIAA-D 22 1Y c vsn ci6l
1039 vomwg 1 ven 1L6!
fTt19 3040y 8 Ttatisodn g 6961
e 33 nosdjaysuy s orwny 6961
1T 12 uosy 1t vsn : (961
SWOPY PUt SOl : wopfury panun 2961
(L9961 It 12 wwppy Aq N3N voyawunog S asutyy 1961
Uolejy PUC Wojaspu) (1ouag S asuryy 96
RUREDEINT) o wnidjag Sug!
$2ETD J0
slouiny  i3quny Lnuno) FRERY

99¢1 3JUIS SISA|C500IIY IFUCHTEANING, YO SUONEIMYNY “§ QL

(Buigqnponpnasd) SiTU 1O UONTLIS Yiln
sSuerTyd UtUe) 3yt 1o 3wLspraic put Sutusuoys € €1 355yl *sassan0id A )00
30 1950 3Y3 Y11m JUBINWOIUCY “put (BLIIUTIG PAITHTWIP AdItys "[njured 10 saut
-szadde usppns) sd0jaAIp UOUIWOUIYS 5 PNTUAEY NSTED *391TT "PIIIYST Mtmayy) Ut
$301 Y} "$IFTI JWOS U] "UORTUNOICIN S10WLA2 01 ADUIPUI € A pauTdwosse pjod o3
staBuy pue spuey 1 30 J1anmus Suremaour st 23yl tnruTed st s3deLNs DurY uo sdu
s38uy Suiddes pue duBpury "ucntoed wa dapun ‘Sudunl put quay it s238uy A
1(s3auy "ssapinoys) ssuol a8ty ooTT puT Nsum twa8uy U sured pauap-it Yim urlaq
01 $S1WasS SUONIPUOGY 3 “JWAINULS 1 DNTUATY JO MISUINDLRRYS 3501 e swordinAs
10 sfues 13prolg ¢ asudwes 1O VO U (Lrdiwsast 10 Surpazard tuswousyd enasea
YL (f IQTL) ATIAE Ul PYSHANE U333 STY SATI OTT JO J3QUINU JRICI T p 61 1O PUS
34l Ag “nzeig PuT eIf turedg ur ucnuticdiod AWES Y1 01 PACHP stuTid MOWTA A
Ul $26Ca U, INPOUT PAM3A uon T eyt juanbasqns Tty pauodss '10?0,10 saste
€l 1S3 3G PIQUISIN LAIDI0S Ui 501 0YM (61 9449(0T 3210 'SAITIS FanL ]
U PUT WICIUG 1T3I0 "3UTI 4 LiCHE T310EDS 31aA ST [TUOTHETDT 1O Sa3quint ¢ JTasl
Suinogjog a1 EIND PUTTIIOY D) S L3150040T rUonNTANII0, FALLIL STM ALI0IDUSS
2L CPHOss UINSA4 2T G SFT20° 12 0NTANII0 MU ST JO uotikdazal ay: et
(996 [ "[€ 12 £27/w ) 3NSSIL AL~ 3L LS T ICLIID UL O SUQISA] AnTausSap AQLLISSTd
“un PUT umw(uoua“d s_pncu‘(cx BiC.] = .00ITS PO OW SIBI2 2arpoInt Utﬁfﬁa (=3 9]
10 SPUTY A3 1O SSTUTTYE (LIS SUl . 5 TTLER MISIORISO TNSAUR 1o CaaMIp 3L

e
1,

ML RO FPLOIND | tuty

Arenuos:
-ydrBodus
-pt upta
“uonem:
ey n;
“nwop
- sejant

-jol ot u-
Ut WweIptas
[raotua 351
PIILAI}S ©
uu e
Tsop -
it
LR /-
sniuTL g
isCdsemre
Tleuwnm
QLY s
REIs}
yans Tpa
rouse pem
S0 13 o
UT3A L

LINI0m
APy
Niom 32
IISH
10 syIuee
‘safexe:
A
$I3ji0Mm *Si
3|qts
SIINIOM|{E

SIdNJam

1ajj20:0TT



4 Co W.K. Leibach and HJ. Marsizller
4.1.1 Familial and Idiopathic Acroosteolysis

Acroosteolysis is a very rase disease. The actiology and pathogenesis of this condition
is still obscure. Osteolytic bone changes in late stages of so-called Raynaud's disease
(accompanied by necrosis and gangrene), characteristically presenting as loss of part or
of an entire distal phalanx of one or more {ingers and also of toes, have been mention.
ed in the literature since 1921 (dssmann 1921 Monaian 1926: Borak 1927 . Kormblum
1929). Kombium attributed the lytic bone defects to vascular abnomnalities and noted
that he had found identical lesions in early stages of scleroderma and in leprosy. The
term acroosteolysis was first introduced by Larocke and Hochfeld (1948), who held a
neuroendocrine syndrome responsible for the lesions. Independently Harnasch (1949)
reported another case of symmetrical idiopathic acroosteolysis, particularly involving
the terminal phalanges of the fingers with preservation of rufts, progressive clubbing
and shortening. and ill-defined symptoms of disturbed peripheral circulation. By 1952
Gigeei mentioned that 68 cases of the familial type of acroosteolysis and 33 cases of
the nontamilial, 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
(see also Harms 1954). In 1957 Liévre and Gama listed 16 observations of idiopathic
acroosteolysis and commented extensively upon these lesions: the whole range of dif-
ferential diagnosis (various congenital, neurogenic and endocrine osteolytic diseases.
leprosy, arthritis mutilans, progressive systemic sclerosis. ainhum etc.) was considered
in their study and could be rejected with reasonable certainty. In 2 later review,
Cheney (1965), who added another four cases of the familial tvpe, stated that this
variety and the nonfamilial idiopathic type may actually belong to the same disease
entity and may be part of a degenerative bone process more genzralized than the term
implies. It was the puzzling character and the rarity of this peculiar bonc lesion that
captured the attention of site medical personnel and industrial hygienists when in
November 1963 the condition was detected in two Belgian autoclave clcancrs (Lefévre
1972).

412 Epidcmiology of Occupational Acroosteolysis

Attempts at assessing the prevalence of OAOL among personntl invoived in VCM
manufacture and polymerization revealed that in general this occupational type of
osteolytic bone lesion was found in only 1%-3% of the work population at risk.
Hubler et al. (1977) considered the fact that only 3% of all workers who had been
engaged in manual cleaning of autoclaves at a Belgian plant suffered from OAOL and
Raynaud’s phenomenon to be indicative of the importance of individual factors.
Witson et al. (1967) observed 31 cases among 3000 employees of one large company.
In 1971 Dinman et al. conducted 2 survey in 32 plants belonging to 19 corporations
throughout the United States and Canada. The details of this elaborate epidemiologi-
cal study, comprising a total of 5011 employees, illustrates the difficulties and limita.
tions encountered in a retrospective study of this dimension. All of these 5011 workers
had been engaged in various stages of VCM and PVC manutacturing. 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 PV'C-derived consumes products. Drnnan et al. fourd
only 23 clear~ut cases of OAOL among the 5011 emplovees (mean age: 35.8 yearss),
defined as characteristic X-ray tiim abnormalities combined with Ravnaud’s phenom-
gnon: 18 of them had been recctor cleancrs at some time: ancther 16 individuals 1 10
with experiences in r2actor cleaning) with carly stages or mimmal J2zrees of the syn-
drome were suspect2d of suffering from OAOL. It emerged thut the rwo lowest-paid
jobs. both reactor cleaning and bagging: packing, had a strong associanion with OAOL

11 case per 72, or B6 workers at risk. respectivelv). Manipulauon of the finished polvmer
, F ? P E

appeared not 10 be associated with a risk of contracting OAOL. Only | case 0f OAOL
w3s detected in those piants where high-pressure water Lances or solvents had been in
use for reactor cleaning. Furthermore, it seermod that the extent of dezassing prior to
entry into the autociaves correlated with the manifestation of the disease.

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

Numbes of cases

Size of Classical Severe Sclere-
group Ravnaud's sensitivity  dermoid
Country  atrisk OAOL  phenomenon tocold skin lesions Refsrences

Frangs 150 ) 12 15 £ Benowr 1967

Lsa 354 <+ =0 63 23 Liliset 3l. 1978

United 37 1 s 8 4 Ivalker 1976
Kingdont

Fed. Rep. 100 9 9 33 10 Lange and
Gemiany Veltmen 1577

United 102 1 e} - i Marieg et 3l
Kingdom 1978

Total 728 20(~37) TUNAROTY 1IN 16%) 43(~- 67

More commonly seen thar OAOL were Raynaud's phenomenon (see Table 9) and
related symptoms of abnonmnal peripheral circulation (Benoit 1967, Lifis et al. 1975
Lange and I'eltman 1977). Benoir pointed out that 2 complete medical and roentgen-
ological check-up of all 28 employees at a French PVC-oroducing plant revealed
pathological manifestations only among the group of 130 reactor cleaners of whom 32
were affected (QAOL, 5: Raynaud's phenomenon without OAOL, 12: sensitivity to
cold. 15 workers). He stressed the fact that in this group of workers at risk the overall
morbidity was almost 25%. Simiiar results were obtained by Lilis er al. (1975), who
found classic Raynsud’s phenomenon in 5.6% of 354 heavily expased PVC workers,
aumbness and tingling in 24%, excessive sensitivity to cold in 18%, pseudodubbing in
8.775 and involvement of the toes in 7%. Besides, in 26.6% of the total an abnormal
Allen test indicated impaired peripheral arterial circuiation. It was noted that in some
people with past exposure Raynaud's phenomeiion had gradually faded, whereas
sseudoclubbing persisted or even progressed. Most important, however, was Liiis”
finding that the prevalence of all these abnormalities increased significantly with the
duration of past exposure to VCM.
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Occupational acroosteolysis is a condition predominantly observed in younger
workers. The age range was 2045 years and half of all cases reported i2ll in the 3039
years agegroup. Duration of YCM exposure prior to onset of Raynaud’s phenomenon
ranged from 1 to 23 months (Douson ¢t al. 1971). For OAOL the latency period was
at least 12 months (Wilson et al. 1967): in most cases. OAOL developed insidiously
within 2 to 4 -6 years. Thete is at least one patient on record in whom OAQL was first
discovered two years after termination of exposure (Benoir 1967). Longitudinal studies
of the bone iesions demonstrated partiai or complete but mostly detective testitution.
resulting in shorened and deformed distal phalanges, within 2-3 vears aftcr removal
from VCM exposure, but Raynaud's phenomenon and cutaneous lesions may persist
(Williams and McLachian 1976). Stein et al. (1973a, b) teported partial healing with
restitution of tufts but progressive lysis of the proximal portion of terminal phalanges
3 years after termination of exposure.

Although OAOL developed predominandy in PVC production workers who had at
least for some time been engaged in reactor cleaning, the syndrome has also been ob-
served in association with other job assignments which were believed to carry a sub-
stantially lower risk of exposure. Trapp et al. (1974) reported a 31.year-old white male
suffering from Raynaud’s phenomenon, clubbing of the fingers and typical bilateral
actoosteolysis, in whom specific inquiry revealed that his employment by an industnal
chemical company had inciuded daily handling of small concentrations of vinyl chio-
tide (no details given). Typical OAOL was also observed in a worker after 6 years’ em-
ployment as spray dryer/bagger, pre4nix operator, recovery and charging operator who
had never cleaned autociave vats (Srewvarr et al. 1975). According to routine plant
monitoring of VCM levels in the past and as measured in 1973 by gas chromatography
of grab samples, his average exposure had been within the threshold limit values of
the day (200 ppm). Radiographs taken in 1966 at the end of his first year during an
easlier survey of OAOL were normal:in 1972 he presented with Raynaud’s phenom-
enon, pseudoclubding, 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 vessels in the pulps of deformed
finger tips, but no vascular occlusion.

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

4.13 (linical and Roentgenological Features
4.1.3.1 Occuparional Acroosieolysis

In the majority -of cases osteotytic lesions are confined to the hands. Involvement of
the feet was observed only rarely in OAOL. Wilson et al. (1967) belicve that OAQOL
differs from familial or idiopathic acroosteolysis in several respects. Although the bone
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derzcts in the distal phalanges are similar in both conditions. vther features. such as

osteoporotic compzession fractures oi the spine. basilar impression fracture of the

skull. destruction of mid-phalanges or osteosclerotic changes of wrists and hand bones.

shortening of metacarpals and corucal thickenme of the shaits of iong bones seen tn the
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ed in younger
it the 30-3°
ug  .enomenon
tency penoc was
yped insidioust

ym DAOL was first
ongrtudinal stucies
sective restirucion.
:ars after removal
sions may perstil
gl healing with
terminal phalanges

1) The easdiest chamges in DADL zre morpmal Sefacss amd lots of sortex m tuits of
one prmore of the tevmunal phalangass of the haniis

2) In the next stage this is folowed by small *hali{-moon’ cuts in the sortex of the
tufts. or a so<calied slice effect along one or more tufts. : ,

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

vorkers who had at
has also besn ob-

J to carry a sub-
yearold whute male
typical bilateral
atby anindusind
'ons of vinyl chio-

+ after & vears' zm-
Jr7ing OFerAICT WhO
» rounne piant

<t chromatogzrapliy
i limit values of

st vear during an
-ynaud's phenom- r
wis and wrists. Ar- F [
n fi==er3 without o ‘
% - Jrmed },

=
adermal — Dinman B
-ptibility or idio- _ ST
opment of ;he syn- Fig. 2. Occupational acroosteolysis. Transverse or oblique done defects (*bandlike [
crotrauma dunng acroosteolysis”) or partial loss of terminal phatenges in 2l fingers of both hands. (33 i »
- chiselling) was a year-old autociave cigsner: dumation of expanree 5 1/2 vears)
culated by Wilson

4

4) in the healingsmage there may be sither complere Sony union with shortening
and broadening of the residual parrs of the end phalanx or a fibrous union of bone
fragments. Fiagertips remain short and piump with persistent clubbing of soft tissues '
and increased latera] and longietinal curvature of fmgertips.

Sodium fluoride ' *F scintiscan data of affected bores suggesied that active de-
mineralization (rcsorptive) and remineralization (reparative) processes may occur si-
multansously even in the same haad (Dodson et al. 1971). In some cases. bones of

. volvement of
tieve that OACL

. Although the bone
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vther body regions were also involved. Erosive 370 s<icrouic changes in the sacro-iliac
joints and citrcumscribed resorptive defects (curnca crosions) in patelia. clavicle. man-
dible. humerus, styloid process of ulna. femorai condyles, os caicis, cuneitorm and
metatarsal bones have repeatedly been obser 2 - Jondicr et al. 1966: Hurris and 4dums
1967: Dodson et al. 1971 Jihe eral. 1974 Lance e1 2l 19732z Presron et al. 1976:
Jayson et al. 1976a:Lange and Velonan 1977)

4.1.3.2 Psewldoscieroderma

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

Table 10. Differential diagnosis: syndrome of occupational acroosteolvsis ¢ Raynaud's
phenomenon, sclerodermoid skin changes, AOL) , progressive scleroderma with (rare)
osteoiy tic lesions

Occupational AOL Progressive scleroderma

Sex ratio Exclusively g5 =1:2

Hands Clubbing and shortening Atrophy and tapering off
of finge: tips. hyperhidrosis: of fingertips: anhydrosis:
no ulceration ulcerative lesions

Penoral puckering of skin Not observed Common

Skin appendages Preserved Loss of skin appendages

Telangiectases Not observed Common

Shortening of frenulum Not observed Early symptom

Subcutanzous deposits Not observed Common
of calcium salts

Dysphagia (oesophageal Not observed Common
involvement)

Renal. cardiac and Not observed {Common)
intestinal invoivement

Occupational history Obligatory -

Prognosis Favourable (skin and bone Usually spontaneous

lesions tend to heal after progression

removal from exposure)
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izing sclerosis of the skin with tapenng off of {ingertips was never seen 1n the occuca-
uonal syndrome. After cessation of exposure the skin lesions seem to regress more
readily than the osteolytic changes.

114 Histology
$ 03! Cuteaneous Lesions

Several investigators described the histomorphology of skin lesions in vinyl cidonde
disease (Cordier et al, 1966, Harris and ddzms 1967 . Marin et al. 1967, Markowir: et
al. 1972 Lange ez al. 1973a: Velrman ot al. 1973 Walker 1976: Halin et al. 1979), but
we found only one description of bone histology in OAOL in the literature (Beror
1967; Marin et al, 1967). Skin biopsies showed various degrees of dermal. vascular and
neura) changes which were essentially identical in patients showing OAOL and in those
who sux&nd ‘merely’ from Raynaud's phenomenon.

Dermal chanpes consisted of hyperkeratosis and pronounced thickening of the der-
mis with disorienwation. swelling and nonfibriilary eosinophilic homogenizadon of
broad interlacing collagen bundles. There was some degree of interstitial oedema which
tuntly stained metachromatically with toluidine blue, alcian blue and periodic 3cid-
Sciriff (PAS). An inflammatory reaction with infiltradon of lymshocytes and 3 fow
histiocytes was scanty and, if present a¢ all, of predominandy perivascular distribution.
The most notable feature was marked disorganization, fragmentation and rareficator
of elastic fibres. In areas corresponding to nodular or plaqueiike skin indusations. the

- full thickness of the dermis consisted of an aceilular, pardy hyalinized collagenous tis-

sue. Skin appendages were preserved. In 15 apparenty less severely affected workers,
halier (1976) found only some destruction of eiasuc tissue of the derrais, probably
not exceeding nomal age changes:in one worker with severe Raynaud’s phenomenon
some fibrous thickening of the medis of dermal arterial was se=a.

Vescular lesions affected capillaries and small dermal arteries. Numerous dilated
capillaries were seen in the subepidermal papillae with swelling of endothelial cells
and pericapillar oedema. Capillaries of the cutis showed cuitlike hyperplasia of pen-
theiial cells with fibroblast transformation. hyalinosis of vessel walls and final oblitera-
tion of :umina. Marked medial thickeaing of dermal anterioles. due to hypertrophy of
myocytes. was accompanizd by parietal iibrosis and hyalinosis, which ultimately led
to narrowing or even complete occlusion of the lumen.

Degenerative lesions of small Jerma! ierves were mernidoned by French investigators
(Ben-ie 1967: Marin et al. 1967 Chatelain and Motilion 1967). They found scletosing
hyalinosis of the perineurium with atrophy of neurofibrils. Tactile corpuscles (Wagner-
Meissner, Pacini) were unaffected.

~.1.4.2 Bone Lesions

The most striking feature in 2 biopsy specimen of the bone. obtained from a French
worker with OAOL (case & of both Benoir 1967 Maru: et al. 1967) was marked thick-
ening and hyalinization of the periosteum with chondroid metaplasia of ths inner.
most laver. Supplying capilladies and artetioles shuwed occlusive changes ideatical with

: "‘r:"’j T c':,ea p
Ss "‘E","..'.("‘v"

DR .."; y
, ‘}‘;;nz';.u .
AR o ¢

SUTS R s‘ e

CY080TYT2

D st 2 e L
v e

habhirednn s 4

A e o)




40 W.K. Letbach and L), Marsieller

thuse observed in the dermis. The bonc matrix per se was barely affected. There was
numimal thinning of cortex, nonmal spongy bone and only mild fibrosis of the bone
marrow.

Experence with histomorphulugy vl bone lesions in the familial and idiopathic
type of acroosteolysis is limited. In the fow cases where biopsy material could be ob-
tained. there was replacement of bone by nonspecific fibrous tissue. but inflammatory
and degenerative changes or osteoid formation were not found {Dpes et al. 1936
Elsun and Bumstein 1954 Greenbery and Street 1957 Schmarsweiler 1937).

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

4.1.3 Arsteriography, Capillaroscopy, Infrared Thermography

Arteriographic evaluation of the vascular tree of the hands revealed patency of the
farge arteries in all cases examined. The vascular [esions were almost invariadly con-
fined to the small digital arteries. although the superficial and deep palmar arterial
arch may occasionally show some narrowing and a paucity of side-branches (Lange et
al. 1974a: Moulin et al. 1974). The most prominent arteriographic features were ir-
regulanties and segmental stenosis of digital arteries. ranging from localized or diiiuse
narrowing to subtotal or even total occlusion with development of cotlateral vessels.
Besides. a conspicuous retardation of flow of contrast medium was noted. and pevuliar
tortuosities of patent digital arteries were found. Circumscribed hypervascularity of
the terminal tufts and in the region of the wrists was noted in some cases ( Benoir
1967: Lange et al. 1974a; Veltrnan et al. 1975, Presion et al. 1976: Strewart et al.
1975: Gama and Meira 1978). Angiographic findings in a larger group of 19 symp-
tomatic PVC workers with either Raynaud's phenomenon and/or acroosteolysis (5:19)
. were recently described in detail by Koisciwirs et al. (1980). Raynaud’s phenomenon
had been observed to persist in these patients for prolonged periods after termination
of exposure and even after roentgenological evidence of healing of resorptive bone
defects in those who had formetly suffered from acroosteolysis. In addition to vary-
ing degrees of stenosis oc occlusion of digital arteries with reopening of smail 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 (13/19) were circumscribed elonga-
tions and tortuosities of digital arteries resembling cirsoid aneurysms. An example is
shown in Fig. 3 of generalized tortuosity and elongation of digital arteries in 3 54-
year-old patient who started to complain of severe sensitivity to cold 3 vears after
cessation of VCM exposure (about 1 year prior to death {rom both angiosarcoma of
the liver and hepatocellular carcinoma). The pathogenesis of these peculiar vascular
alterations is not clear. but the possibility presents itself that they may be due to de-
struction of elastic fibres in the vessel walls in analogy to similar alterations of digital
arteries seen in rheumatoid arthritis (Laws et al. 1963, 1967). :
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Fig. 3. Consprcunus tortiosities and elongatien of digital griernes

Studies of microvascular changes by wide-field capitlar: microscopy (direct obser-
vations complemented by photography) of selected skin sites - such as nz2i foids,
Sugerpads, dorsum of phalanges and of proxsmal interphalangeal joints — demonstrat-
ed 2 variety of capillary abnormalities, i.e. dilated or giant capillary loops. pale avascu-
lar arcas, capillary and subungual haemorrhages. The abnormalitics were similar to
those seen in scleroderma but were usually lest conspicuous, less numerous and of dif-
ferent distribution. In a survey of 3 group of 152 American PVC workers. these capil-
faroscopic findings proved to be signisicandy more prevalent thzn in 50 nonexposed
control subjects (Maricg et al. 1976). There was aiso a statistically significant differ-
ence in the prevalence of these abnormalities between symptomatic and asymptomatic
PVC workers. The alterations were not only found in workers with clinical symptoms
of disturbed acral circulation but also in 6 nonsymptomatic males with either VCM-
induced angiosarcoma of the liver (2) or splenomegalic ponal hepatic fibrosis ().

A similar survey was later undertaken in an unsziected sample of 129 empioyess of
aPVCproducing chemical plant in England with 26 employees of 3 nonPVC-producing
chemical plant serving as controls (Maricq et al. 1978). The prevalence of capillary ab-
normalities found in these British workers, which were of the same type and degree,
was comparabie tc that in the American sample, although the latter included 3 larger
number of more severely affected symptomatic patients with greater mean length of
employment (15 years vs 3.5 years). In the authors’ opinion, this suggested that VOM-
related disease may deveiop independently of differcnces in manufacturing procedures.
It also suggested that this easily detectabie type of microvascular lesion may precede
more scrious VCM.induced disorders. In a small subgroup of 1S clinically affected
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British workers who were examined 6—24 months atter leaving the plant (termination
of exposure), the prevalence of capillary abnormalities was not less than that among
those who continued work. For an evaluation of the reversibility of this condition,
however. the group was considercd to be too small. The sane tvpe of capillaroscopic
changes was also observed in three of 4 Polish workers (2 reactor cleanerss, 2 fitters)
who were found to suffer from Raynaud's phenomenon after exposure for 25 years
(Byczkowska and Langauer-Lewowicka 1973).

Infrared thermograpity, another non-nvasive method, used by Reiy et al. (1973)
for the study of acral circulation, revealed abnormalities of surface temperature rang-
ing from marked hypothermia of terminal phalanges (which are normaily wanner than
the rest of the fingers) to “complete terminal amputation™ in four PVC workers suf-
fering from OAOL. In one of them vascular distutbances as evidenced by infrared
thermography persisted in spite of complete healing of QAOL. Stewarr et al. (1975)
demonstrated uneven blood flow in the fingers and patchy hyperthermia in the distal
part of the OAOL-affected left index and middle finger of their atypical case. Local-
ized acral hyperthermia seen on IR thermography corresponded to the angiographic
finding of circumscribed abnormal collections of small vessels (compensatory collat-
erals?) in the pulps of the affected fingers. Using IR thermography in a survey involv-
ing 143 PVC production workers and $6 controls, Willicms et al. (1977) assessed the
time needed for heat retum after immersion of one hand for 10 s in a 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.

3.1.6 Immunological Studies

Early expernience with the syndrome of occupational acroosteolysis suggesied certain
similarities between this disorder and comresponding lesions seen in progressive systemiz
sclerosis (diffuse scleroderma). Differential diagnosis of these two unrelated conditions
is now well established (Table 10). Such similanties stimulated the search for other
manifestations of a systemic collagen disease, notably immunological features, as pro-
posed by Marin et al. in 1967, Ward et al. (19763, b) carried out immunological studies
in 58 workers from a British polymerization plant who were referred to them out of a
total past and present work force of 320. Mean duration of exposure to VCM was 39
months (§-75 months). Of these §8 workers, 28 were sympiomatic (Raynaud’s phen-
omenon. 9:scleroderma of hands or feet, 6; OAOL, 2: sensitivity to cold, excessive
fatigue, limb pain, paraesthesias). Slight hyperimmunoglobulinaemia, usually 1gG, the
presence of mixed cyroglobulins. and in vivo conversion of both C, and C. were
found in 19 patients in the symptomatic group, with additional evidence of reduced
Tcell population and increased B<ell 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 complexes. Autoantjbody screening Jemonstrated
lowstitre antinuclear antibodies (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 vascutar endo-
thelium. Aggregates were similarly seen in the media and subintimal regions of smail
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Table 11. 17 PVC workers with advancee 7o ~eriension tmarked vesophazzal
varices. episodes of upper Gl bleeding. spicoomozu v

Age at diagnosis Duration of -\posure Penitonenscopic and

No. (vears) {years moniio histological diagnosis
) 30 5 Nonarrhotic fibrosis
2 31 5/9 Noncirrhotic fibros:s
3 32 36 Noncirrhotic fibrosis
<4 35 < Nonc:rrhotic fibrosis
53 35 9 Nonuirrhotic fibrosis
6 39 10/6 Noncirrhotic fibrosis
7 39 13/6 Noncirrhotic fibrosis
8 <1 7 Noncicthotic fibrosis
92 3] 18 Postnecrotic cirrhosis

104 <7 18 Noncirrhotic fibrosis

It 50 6/6 Noncirrhotic fibrosis

12 31 - 17 Noncirrhotic fibrosis

13 s2 15/3 Noacirrhotic fibrosis

14 52 11 Noncirthatic fibrosis

15 53 6/6 Noncirthotic {ibrosis

163 $8 21 Postnecrotic cirrhosis

173 61 1} Nonuirchotic {ibrosis

3 On follow-up patients 5.9, 10. 16 and 17 <ubsequently Jeveloped angiosarcoms of
the liver and died 3-6 years after diagnosis of portal hypertension. Patients 6 and
14 are at present 1 1981) under observation for suspected development of angio-
sarcoma of the liver, 6 and 11 years after pentoneoscopic diagnoss of portal fi-
brosis

associated portal hypertension, Sinith et al. (1976a) observed later development of
angiosarcora in one of them. If a rough estimate based on these two small series 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
angivsarcoma later, although PVC-induced hepatic fibrosis per se is probably not a pre-
malignant lesion.

42.1 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 to moderate.
ly enlarged liver may be the only physical signs. On palpation, we found hepatomegaly
in 31 and splenomegaly in 16 of 50 selected PVC production workers who had been
heavily exposed in the past (Marsteller et al. 19753). Lilis et al. (1975) repored hepa-
tomegaly in 15% and splenomegaly in 3.4% of 354 consecutively examined employecs
(267 currently employed, 87 {ormer workers) of one PVC polymerization plant in
New York State, USA, a number which incjuded virtually the entire current produc-
tion work furce. A significandy higher prevalence of hepatomegaly was found in those

6Y080TTY

Vinyl Calon

exposed for i
spienomegal:
In contra.
ment of hega
ectases, gyna.
not seen. Eve
phalopathy ¢
workers oaly
it is puzzl:
preceded adv.
only one case
development

422 Labor:

Owing to the
not the target
value for the «
This makes it
1974, Creech .
thrombocytop
logical biocher
the levels of s
quent (Marsec
(ICG:05 and
liver function -
workersof 2.
(Tamburro et
progressively
of abnormal &
there was ove:
phosphatase .
alkaline phosp-
megaly and/c:
Except for
and Veltman
the reticulocy
parameters us’
presenting fea:
sion (Smith er
be dealt with «
Assessmen:
matic workers
facture of PV(’
coproporphyn:




1.3 Manateiler

-~ophageal

w. «3nd

20 diggnose

‘ue hibrosis
g fisrosts
- fibrosi
wle fibrosis
-t1e 11brosis
asng fibrosis
MG ﬁ'ﬂrh.‘l’\
- oie fibrosis
stic cirthosis
g fibrosis
- fibrosts
v fithrosic
e fibrosis
oy f1drosis
aote fibrosis
i SIrThosis
aye fibresis
I
SearcOma ot
nrents » and
ralangioe
pornta -

saent ol
Al senigs w ¢

s sutict- |

« develop
wuhly not a pre-

2ss o VOM.

+ 1o moderate-
: hepatomegaly
-hio had been
1eported hepa-
mad employees
»molantin
rent produc-

duwund in those

3

.x’
SN
3

':.;,' )

]

Vias! Chlonde-Assoeiated Discuse <3

exposed for more than § vears. whereas the ditTerence in the prevalencs of palpable
splenomegaly was not signiticant.

In contrast 1o cirrhosis of the liver, clinical symptoms indicaring serious imoair-
ment of hepatic funciion sucii as Jaundice, vascular spders. palmar erythema, weiang-
ectasss. synaccomasna. ponpheral cedema and ascitas or hepane enceghaiopathy are
not seen. Even after massive biceding from oesophageal varices portosystermuc encs-
phalepathy does not deveiop. Ascites and hepatic coma have besn observed in these
workers only in termunal stages of angosarcon:a of the liver,

[t 1s puzziing that acroos:eolysis and sclerodermoid skin induration have ondy rarely
preceded advanced stages of VCM-induced liver disease. To our knowledge there is
only one case of angiosarcoma of the liver on record which was associated with prior
development of acroosteolysis (Roche et ai. 1978).

4.2.2 Laboratory Findings

Owing to the fact that hepatocytes. although being the primary site of metabolism, are
not the target of toxicity, standard biochemical liver function tests are only of limited
value ior the Jetection of liver disease in populations at risk (Milliams e 2. 19759).
This makes it verv difficult to devise adequate screening programmes (3arrin et al.
1972, Creecir and Makh 1975; Wvarr et al. 1975; Berk et al. 1975, 1976). Apar: {rom
thrombocytopenia, we found 45-min BSP retenton to be the most consistently patho-
iogical biochemical test: usually minimal hyperbilirubinaemia and minor efevation of’
the leveis of serum alkaline phosphatase. SGOT and SGPT were considerably less fre-
quent (Marseeller et al, 19752). Another dyeremoval test, indocyanine green clearance
(ICG:0.5 and 5.0 mg/kg). also proved to be more reliable than standard biochemical
liver functicn tests in correctly identifving early hepatic injury in 1200 vinyl chloride
workars of a chemical plant in Louisville, Kentucky, during 3 4-vear screening peniod
{Tamburro et al. 1978b). The exposure rank was found to be closely correlated with
progressively increasing frequency of abnormal ICG clearance, whereas the frequency
of abnormal SGOT, and alkaline phosphatase only increased in late stages. often when
there was overt ¢clinical disease. In the survey conducted by Lilis et al. (1975), alkaline
phosphatase levels were elevated in 16.6% of the 354 workers examined. In their series.
alkaline phosphatase was also closely correlated with the clinical symptom of hepato-
megaiy and/or splenomegaly.

Except for thrombocytopenia (less than 150 x 10° platelets/litre) which Lange
and Veloman (1977) found to be presentin 76 ol 100 workers. and a skight increase in
the reticulocyte count (in 3§ o’ 79 workers, Lusge and Veleman 1977), haematological
parameters usually 40 not contribute to the diagnosis. Thrombocytopenia was 2lso the
presenting feature in two of seven British workers with noncitrhotic portal hyperten-
sion (Smith et al. 1976a). Thrombecytopenia and abnormal piateiet function tests will
be dealt with sepasately in Sect. 4.4.1.

Assessment of urinary excretionof porphyrins and porphyrin precursors in sympto-
matic workers who had been engaged in the production of PVC (n = 23) or the manu-
tacture of PVC articles (n = 1 7) revealed varying but mostly mild degrees of secondary
coproporphyninuria in the majority of them (Luige et al. 1976b). The significance of

080TIY

o<

e



<, F
-
D

e

-
x
o
A
¥

7S
47, A

Nk 34

S0 W.K. Letbach and H.J. Marsteller

these findings as an indication of toxic liver damage is not clear and the relation to
previous exposure to VCM remaias to be determined.

4.23 Gross Inspection of the Liver and Spleen

The gross 2ppearance of the liver, as assessed by peritoneoscopy (Merszeller et al.
19753, b:Marstelier and Lelbach 1977, Lelbach and Marsteller 1977 ) or at expioratory
laparotomy, is that of a normalsized or slightly 10 moderately eniarged organ with
often blunted and irregular anterior edge. Inspection of the liver at peritoneoscopy also
permits exclusion of partial nodular transformation as described by Sherlock et ai.
(1966). In most cases, the surface of the liver is smooth or slightly uneven with shaliow
indentations, but it may be finely granular, trabeculated or have 2 peau d'orangedike
appearance. At most, there are micronodular changes but the diffuse coarse nodularity
of cirrhosis is only rarely seen. Progression to frank cirthosis with severe detangement
of hepatic lobular architecture was observed by Smirh and Ivilliams (1974), and also -
in two of our recent cases in combination with development of angiosarcoma.

On palpation (direct or by peritoneoscopic probe), the texture of the liver is normal
or only slightly firmer than usual. Indirect peritoneoscopic evidence of portal hyper-
tension is presented by increased vascularity of the falciform ligament and the intes.
tinal serosa or numerous dilated tortuous vessels in adhesions draining to the abdomi-
nal wall. Even in advanced stages, symptoms of pronounced portal hypertension often

Fig. 4. Peritoneoscopic view of Jeft hepatic lobe in noacirrhotic portal hypertension
(January 1979). Blunted anterior edge, smooth to finely granular surface. conspivuous
patchy capsular fibrosis. (42-year-old autoclave cleaner. VCM exposure [963~74,
1973 thrombocytopenia as first sign. From 19743 to 1979, marked progression of
portal hypertension with splenomegaly and one episode of bieeding from ocsophageal
varices.) See also Fig. § (patient 6 in Table 1 1)
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contrast sharply not only with minimal alterations of the surface but also with unex.
pectedly scanty histological evidence of hepauc tibrosis. The most conspicuous feature
is 3 focal or diffuse capsular fibrosis of varying pattern (Fig. 4). presenting as whitish
opacities. The degree of capsuiar invoivement ranges from Jirfuse tny commalixe or
stellatz scars 1o coarsely reticular and irrezularly patchy milk-wiite capsular thicken-
ing (Murstelicr et 3. 19752). Histology showed that this focal increase of connestive
tissue in Glisson’s capsule may extend into the parenchyma and connect with septa
extending from ealarzing fibrosed pontal trzots 1Peprer and Thomas 1975). The cor-
nective tissue capsule of the enlarged spieen also secms to be sensitive to YCM-indused
processes that have taken place in the underlying tissue so that focal white thickening
ot more diffuse opacities together with circumscribed subcspsular haemorrhagic cysts
are seen in cases with marked splenomegaly.

424 Histology

Histological examination of biopsy specimens shows that nosmal lobular architecture
is generally maintained, but varying pattems of portal and. in some cases, septal fibro-
sis. stnking intralobular perisinusoidal fibrosis, and focal capsular and subcapsular
fibrusis are found in combination with peculiar alterations of sinusoidal lining cells
(Fig. 5a-d). Hepatocellular changes usually play a negligible role and inflammatory
reactions, if present at al, are insignificant. The lesions are distributed quite irreguiarly
throughout the liver and may vary from minor inconspicuous degraes to guite stsiking
fibrosis. Surgical wedge biopsy of sufficient depth appears to be more suitable for his-
tologica evaluation than needle biopsy specimens (Smich et al. 19763: Blendis et al.
1978).

Depending on length and degree of exposure. interval betwesn last exposure and
dute of biopsy. as well as individual factors, histopathology of VC3i-nduced nonmalig-
nant liver disease is represented by the following features whose manifestation is sub-
ject to marked interindividual and topical variation: the same variability of tissue alter-
ations is seen in the nontumorous areas of the liver in angiosarcoma (Popper and
Thomas 1975 Thomas et al. 1975: Berk et al. 1976; Gedigk et al. 1975 Weinbren
1976). but in these cases the noantumorous lesions may be even more conspicuous
(Popper et al. 1978).

4.2.4.1 Heparic Fibrosis

in its fully developed form, minimal to marked enlargemnent of portal tracts by excess
of dense, paucicellular connective tissue, which in advanced cases contains proliferated
bile ducts and some periductular inflammation, msy in rare instances be combined
with formation of periportal septa linking portal tracts or, even more rarely, connect
central and portal canais. Other portal areas appear aimost normal, Focil accumulation
of connective tissue in the thickened Glisson's capsule may be connected by septa
with enlarged infracapsular portal tracts. A more striking feature is an intralobular
perisinusoidal ‘netlike’ fibrosis with more or less prominent collagenization of sinus-
oidal walls. in some aress even progressing to frank capillarization (Gedigk et al. 1975

Miller et al. 1975). The focal intrasinusoidal fibrosis may be subtle and in some cases
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may be recognized only in connective tissue stains. Tricic et 2l {1975 pointed out
that in one worker with severe acroosteolysis but normal hepatic function and essen-
tially normal liver histology on light microscopy (except for a minimal and easily over-
looked increase of perisinusoidal collagen in vceasional lobules). electron microscopy
revealed a striking centrilobular increase in collagen between hepatocy'tes and in Disses
spaces together with proliferation and hyperplasia of sinusoidal fining cells (see also
Kurokawa et al. 1977). The same uitrastructural deposition of perisinusoilal collagen
was observed by Schattenberg et 2. (1977) in 15 PVC workers in whom we could ob-
tain liver tissue for electron microscopy at peritoneoscopy. Similar changes (enlarge-
ment of Kupffer cells. abundant deposits of collagen in the Disse’s space and tesuiting
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 aztiology (occupatonal histories
not mentioned) (Sormmerschild and Kiuge 197); Kluge et al. 1970: Tandon et al.
1970). -

4.2.4.2 Sinusoidal Lining Cells

Marked focal proliferation and hyperplasia of sinusoidal lining cells with nuclear poly-
morsphism and hyperchromasia are the most impressive features of the mesenchymal
lesion. The hyperchromatic nuclei of these cells may show a bizarre shape or resemble
short pegs, and are often arranged in a chainlike fashion (Gedigk et al. 1975). These
persinusoidal and sinusoidal cells include three types: (1) normal endothelial cells,
(2) lipocytes (Ito cells), considered to be precursors of fibrobiasts and (3) plump cells
with spindieshaped nuciei and PAS-positive cytoplasm. Formation of excess reticulin
suggests fibroblaszic 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.

42.4.3 Hepatocytes

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 endoplastaatic reticulum of hepato-
cytes in focal areas without inflammatory reactions), can be seen to disappear gradual-
ly with increasing intervals between the last exposure and the date of biopsy. in con-
trast to the apparendy irreversible damage to mesenchymal structures (Gedigh et al.
1975, 1977, Miiller et al. 1975). In poorly demarcated areas there is hyperplasia and
hypertrophy of hepatocytes with polyploidy and increased number of binucleated
cells. Two types of focal hepatocytic proliferation associated with varying degrees of
sinusoidal cell aiterations were recendy 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 ol the
spleen are less easily obtainable than liver biopsy material. Popper and TTiomas (1975)
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and Thomas et al. (1975) found the cut surface of surgically removed enlarged spleens’
to be charactenized by conspicuously hyperptastic Maipighian tollicles in a beefy homo-
geneous red pulp. Histologically, they noted large germinal centres of the Malpichian
follicles with merging of perifoiliculur zones. dilatation of red pulp sinuses {in2d by
endothelial ceils of vanable. often cuboidal shape, thickening of the pulp cords wirh
occasional fresh haemorthages, and in one case Gandy-Gamna bodies, but only incon-
sprcuous {ibrosis of the red pulp.

In ten cases we obtained needle biopsy specimens of splesn tissue 17 pentoneoscory.
Heusermann and Sritre 11977b) and Srurre and Hewsermann (1978) studied this ma-
tesial, together with spisen tissue specimens available from three spieens obtained at
splenectomy. They found evidence for an invoivement of the spleen in the {brosis
process. Excess amounts of newly formed extracellular elements of reticular connec-
tive tissue. notably collagen. produced by stimulation of fibroblastic cells of the red
and white pulp. particularly in penifollicular and subcapsular areas, were observed.
There was scaming of periarterial lympharic sheaths. obliteration of the pulp cord
meshwork and reduction of pulp cord volume, in addition to an increase in number
and diameter of sinuses. The reticular connective tissue of the walls of the sinuses and
of the pulp cords showed marked alterations with thickening of redcular fibres and
formation of bizarre piatelike amorphous structures contaning irregularly distributed
collagen fibnls. Narrowing of the labvrinthine cordal tissue with marked increase of
the reticuiar connective tissue caused a reduction of microcreulatory sequestration
volume with parallel decrease of the number of pulp cord mactophages and approxi-
mation of capillaries and sinuses. Frequently, focal accumulation of platelets was
found within the narrowed pulp cordbed in addition to increased phagocviosis of
thrombocytes by residual macrophages. This lends support to the hypothesis of en-
hanced pooling of platelets in the spieen (Heusermann and Srucre 1977a), and may
help to explain the pathogenesis or thrombocytopenia oiten seen even in the eardy
stages of vinyl chloride disease. By structural analysis of histometrical results, Srurse
and Heusermann (1978) outlined centain diagnostic criteria (or the differentiztion of
VCM-induced splenic alterations from those seen in portal hyperteasion due to cirrhosis
of the liver or extrahepadc portal vein occlusion. They concluded that fibrotic changes
in the spleen in vinyl chloride disease are not the resuit of portal hyperteasion but in-
dicate 3 primary acton of VCM or its metabolites on the spleen. A comprehensive re.

port correlating clinical and morphological data gathered {rom this group of 13 pa-
tients is being prepared for publication at present. Resuits of histometrical studies of
the spieen in nondirrhotic portal hypertension of unknown aetiology are now avail-
able for comparison (Seki 1965 ; Yamamoro 1978, 1979).

425 Pathophysiology of Portal Hypertension

The pathophysiology of portal hypentension in VCM-induced liver disease is as yet an
unresolved problem. Patency of the portai vein was demonstrated in all cases subjected
to splenoportography . Portography usually showed no or only minimal derangement
of intrahepatic vascular pattemn such as tipering or ‘cut-ofl” of smalil peripheral portal
venous radicles (Blendis et al. 1978: Villeneuve et al. 1976). High intraspienic pressure
and a aormal, or only slightly raised. wedged hepadc vein pressure indicate that the
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portal tlow is obstructed at the sinusoidal or presinusoidal level. In 2 group of five PVC flows °
workers selected for haemodynamic studies, Blendis et al. {1978) could not demon- veiled
strate a direct relationship between the dezrec of hepatic fibrosis in needle biopsy spec-
imens and portal hypertension. But it should be kept in mind that the distribution ol s
fibrosis in these workers is quite irregular. It has also been suggested by Popper and 426
Thomas (1975) and Thomas et al. (1975) that the increased splenic and hepatic hlood -
flow as a result of decreased splenic resistance in spienomegaly cannot properly be ac- l_n ).9 i
comodated in the hepatic portal vein bed owing to impairment of adiptive distension tic £ib:
of portal veins and sinusoids by the subcapsular, portal and perisinusoidal fibrosis. could‘.
Blendis et al. (1978) found no correlation between spleen or estimated liver blood :::;s\
of brid
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Fig. 6a. b. Progression of noncirrhotic portal hypertension despite termination of ex- cell sarc.
posure. Oesophageal varices. (Autociave cleaner, age at disgnosis: 35 years. VCMex- Sarcoma.
posure, 1962-1972, 1972 Raynaud’s phenomenon, sklerodermoid skin indurations. vascular -
thrombocytopenia, splenomegaly, and grade 1 oesophageal varices. Gradual progression .
of portal hypertension. Sudden death from ruptured anaplastic angiosarcoma of the one at c
liver in June 1978. Histologically only mild perisinusoidal fibrosis.in nontumorous hood (fo
the num’

aress)
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flow and the portal pressurc. However, they point out that this refationship may be
veiled by the umount of bluod bypassing the liver via 3 collateral circulation.

4.2.6 Follow-up of don-malignant VCManduced Liver Disease

In 1973 Murrin et a. (see also Berk et al. 1975) pented out that VOM-associated hepa-
te fibrosis. once 2stablished. may progress even aiic: tessauon of exposure. They
could demonstrare thus prograssion despite nomalization of all routine liver function
tests in 3 27-vear-old worker on a follow-up examination including peritoneoscopy and
biopsy 2 1/2 vears after cessation of exposure. Progression of fibrosis and appearance
of bridging between porial and cenwral veins were indicauve of persisung 3.tivity-of
the fibroblastic process, whereas the previously observed activation of both hepato-
cytes (marked vanation of cell size and numerous binucleated cells) and sinusoidal lin-
ing celis had disappeared. Since 1973 we have observed 3 number of workess who on
follow-up showed evidence of progressing poral hyperteasion with development of
massive oesophageal varices and subseguent bleeding episodes despite removal from
exposure (Fig. 6). In five {77) of these patients with progressing portal hypertension angio-
sarcoma of the liver finally developed. In this context.it is of interest to note that more
or less conspicuous hepatic fibrosis (or rare progression to cirrhosis) was the parental
terran in which the majority of cases of VCM-nduced angiosarcoma of the liver devel-
oped (see Tables 13-18).

Liver and spleen scans with 99Mechnetium-ateled sulphur colloid, quantitated
determination of splesn size with the aid of !97Hg-bromomercury-hydroxypropane
(BMHP) labelled artificially damaged red cells, and sequenual perfusion scinugrams
after bolus injeczion of $™ Tc.pertechnetate have been found useful in the diagnosis
and follow-up of noninalignant liver disease in PVC-polymerizadon workers. With the
aid of these noninvasive methods. inhomogeneous uptake of labelled sulphur colloid in
the reticuloendotheliz! system of the liver and enhanced uptake in the spleen, gradual
increase in spleea size and reduction of portal venous perfusion have been observed in
PVC polymerization workess developing portal fibrosis and portal hypertension (Bicr-
sack etal. 19752, b, 19773, b).

43 Angiosarcoma of the Liver
43.1 Epidemiology

Primary angicsarcoma of the liver (ASL) is described under 3 variety of synonyms
(angioblastic sarcoma, angioblastic reticulosarcoma. endothelioma, endothelioblastoma.
haemangiotiastoma, haemangioendothelioms, haemangioendothelial sarcoma, Kupifer
cell sarcoma. malignant haemangioms, metastasizing haemangioma, reticuloendothelial
sarcoma, primary sarcoma of the liver). [t is an exceedingly tare malignancy, arising from
vascular lining cells. It ocsuss spontaneously with two peaks in the age distribution:

one at early infancy (infantile haemangioendothelioma) and the other in late aduit-
hood (fourth to sixth decade). The numerous synonyms render it difficult to estimace
the number of reponied cases and to determine its true incidence. In a recent review
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r -4 \ of the literature, A lrenga (1975) histe2 165 ~unished cases of primary angiosarcoma

e e o of the liver in adulis. In the six autops; seri.s collected by .4lrcnga. ASL constituted

F only 1.8% (0.9%~-2.7%) of all pamary maiz=ant tumours of the liver. which of them-
h %‘ﬁ selves are rare findings in the Western Woris. Autopsy statistics show that the incidence
2

of ASL ranged from 2 to 20/100 600 autopsies dunng different periods with 2 mean
incidence of 12/100 000 autopsies (Tabic i 21 According to Heusi e1al. (1973) it was
estimated that in the United States the expeste s annual incidence of ASLis 0.014in
100 000 inhabitants or 25~30 cases pe: v £a: 10: the entire United Stares.
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s Table 12. Incidence of angiosarcoma ~f =2 iver (ASL) in autopsy series
LS
bty 3
b Observation  No of No. of cases
‘_:"-{3?:- e Authors Year  perod autopsies  of ASL Region
NERY TR
. «;?ff Simpsoneral. . 4955 19]4-1953 23196 1 Mayo Clinic.
‘;}.,: Jé Rochester, Minn..
A ¢ :f " SA
vy - Edmondson 1958 1918-1952 52000 1 Lot Angeles.
.i.,:;‘m: County Hosp.. USA
St 50
4 -:f,;,ﬁ ¥ MacSweenetal. 1973 1900-1%69 -3 3 Western Infirmary
= mQE Glasgow, UK.
L e :
W fee Alrenga 1975 1951-1973 39700 6 * Cook County Hosp.
P E
§3 2':” ks Chicsgo, USA
g 3 :%;
1 ‘,k
= 5. A Reinand fHuth 1975 1953-1974 30079 4(6)¢  Dusscidorf, Fed.Rep.
Iy Germany
8yrén and 1975  1958-196% -° 12 Sweden
Holmbery (adult cases)
Dalderup etal, 1976 1960~1975 Atleast 8 Netherlands
40 000 { population:

10- 14 million)

32 Amon; 120 cases of primary malignant liver tumours studied post mortem during
this 70-year period.

b Among8 million inhabitants.

¢ 4 Angiosarcomas, | haemangioendothelioma, | malignant haemangiopericytoma

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

Until 1974, only two carcinogenic agents were known to be associated with the
development of ASL in man, i.e. the administration of a radioactive colloidal prepara-
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3 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 threc may
have had nondocumented exposure to arsenical pesticides. which were used for many
years in this region. but such conjectural deliberanions must awat funther invesugation
for confirmation.

Death centificates for the periods 1963-1973 in England and Wales and 19651973
in Scotland recorded 41 cases of ASL (1-9 cases per year: mean: 3 cases per v2ar). An
unexplained peak was observed in 19681969 (Baxtcr and Fox 1975). Six additional
cases not mentioned on the death certificates were detected by 3 panc! of specialists
(Baxter et al. 1977). In reassessing 36 of these 47 patients for whorn histological sec-
tions were available, the panei 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 7)
VCM and one case attributable 1o thorium dioxide.

After the first three cases of ASL among viny! chiondc polymerization workers in
the United States had come to the attention of the National Institute for Occupational
Safery and Health (NIOSH) in January 1974 (Lloyd 1974), this institution continued
to collect information on additional cases reported to them from natioas with an im-
ponrtant PVC industry (Lloyd 1975:Spirres and Kaminski 1977). As ol August 1978
data had been presented on a total of 68 cases of ASL among polymerization workers
(Spirtas and Kaminski 1978, pers. comun.); another eight cases had been observed
among nonpolymerization workers exposed to VCM in vanous jobs. On the basis o1
this data collection communicated to us in 1978 — for which we wish to thank Drs..
R. Kenunski and R. Spirras. NIOSH. Cincinnati. USA — we attempted to trace these
cases and their individual symptomatology as well as other relevant information pub-
lished in the literature up to 1979 (see Tables 13~18). 7::2 ten Canadian cases of
VCM-induced ASL (cases 2~1]) are dealt with summari.y in the papers published by
Dcelorme (19782) and Delorme and Makk (1975): seven of them were described in
more detail by Makk et al. (1976). Cases 19 and 23 were observed at our clinic in Bonn

but details have only been published {for case 19 (E.U. in Lelbac) and Marseeller 1977).

In reviewing the literature we could not trace cases 37--30.43, 50, 51,5367 and
C. F and H. According to the latest annual report of the Staatlicher Gewerbearzt,
Disseldorf (Reinl et al. 1978}, the number of deaths from VCM-induced ASL in the
Federal Republic of Germany had increased to 16 by the end of 1978, to which we
now add a 17th case (Figs. 8 and 9).

In retrospect. it was discovera¢ that the Iirst case of VCM-induced ASL had already
occurred in 1955 in a Canadian poiymerization worker. For the 67 VCM polymeriza-
tion workers for whom details were available, total years of exposure ranged from 4 to
31 yeass (mean and median 18 and 19 years, respectively). In comparison. mean dura-
tion of exposure in our group of 17 individuals with advanced nonmalignant liver dis-
ease (see Table 11) was 10 3/4 years (range: 3 1/2-21 years). The latercy period
(years from first exposure to diagnosis of ASL) ranged from 9 to 38 years (mean and
median: 21 years). The average age at diagnosis of ASL was 50 years (range: 37-71
years).

&

Viny.

Table 14, Qlinical and morphologicat data on 68 polyvinyl chloride (PVC) production workers with sngiosarcoma of thie lives seported

ta N1OSH by August 1978
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Table 15. Publicutions on the 63 cases of angosarconts of the liver listed in Tables 13

and 1=

No.

Referenues

Additional reievant mnformaton

—~ D VO R L

19

20

21

4=

23
24
25

26

Hubiet etal (1977

Deiorme and Makk
(1975)

Alakk et al. (1976)
Delorme (19782, b)
Delorme and
Therault {1978)

Schmuidr and Barora
L1976}

Lange et 31 {1973b)
Gedigk etal. (1975)
Gokel et al.(1976)

Amann(1975)
Ribsamen (1976)

Rewnl et al. (1976)
(Observed in Bonn}
Reinletal. (1976)
Reinletal. (1977)
Reinletal (1977)
{Observed in Bonn)
Ravier et al. (1975)

Rocheetal. (1978)

Rery etal. (1976)

Hypertrophic. hyperchromatic sad a1y picai endathe-
lial cells in the glomeruli: foci ot huematopoctic cells
in liver and spleen

Case no. 7: ASL associated with hepatocsliviar
carcinoma(Delorme 1978b)

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

At the same plant: 4 cases of VCManduced cirrhosis
of the liver plus | case of virrhosis and genesalized
reticulosarcoma and 4 cases of carcinoma of the Gl
tract or lungs

See also Reinl and Weber (1973
See 2iso Reinl and Weber (1973)

Foci of haematopoesis within the tumour sreas

1974 portocaval anastomosis: cholecysieciomy.
Hype-trophic. hyperchromatic and markedly atypical
end:aelial cells in the glomeruli and in the capillaries
of the lungs

Moderate hepatic siderosis: chronic fibrosing pancrea-
riris; tubular and interstitial fibrosis of the reszes

Focal interstitia] fibrosis of the pancreas

See also Berrod et a1. (1978)

1942 gastrectomy. 1974 splenectomy. right hepatic
lobectomy (640 g). See also Roche (1977): Puech et
al.(1977):Bonneron et 31.€1975. 1977), Berrod et

al. (1978)

No autopsy (see aiso Berrod et al. 1978)

Vinyl Chi.
Table 151
No. Re:
27 R
28 R
29 Ro:
30
gé B(l
33
33 Le
as S,
36 l‘lﬁ'.
37 -
38 -
39 -
<0 -
4] By
42 Bys.
43 -
44 Bl
(ea~
45 Bio
{ca-.
16 Bi.

{cas
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Table 1S tcontnueds

No.

Ruererences

Additonat refevant insormauon

.9

28

45

46

Roche et 1i.11978)

Roche et al. (1978)

Rocheeral. (1978)

- { Berrad et al. 11978)

Lee and Aarry (1973)

Semech 2131 11976b)

Malront (1973)

Chronwe sluoholic. See aiso Rocite « 19770 Puech et
AL (197N Berrnd 23l (1975

First symptom: vertebral and costal metustases Right
hepatic :obeczomy. See also Roche t 1377 Puccert et
230197 Pilichowski 2t b (1979 Coudere 2t 2l

{ 1976>.33rro- 222l t1979)

1960 sclerodermaiike skin induration (hands), swell-
ing of {ace. upper extremities and teet. 1971 bilateras
acroosteoiyss. Tumour penetration of the abdominal
wall { fistula). Severe interstitiai fibrosis of reszes:
fibrosis of interstitial wal; slight mesangial fibrosis of
glomeruli. Vanabie but generally siight 1ibrohyiinosis
of artennal and venous vessel walls (skin. heart. lungs.
intestine. testes)

Latency peniod { 1st exposure = death) only 3 years
{see aiso Fox and Culiier 1577

Byren and Holmberg (197%5)

AB_Wr‘n etal. (1976)

Block (1974)
{case 3)

Block (1974)
{case )

Block (1974)
{case 4)

1965 portocaval shunt. 1970 cholecysteciomy. See
slso Falket al. (19742) (case 4); Whelan et 31, (1976)
(case 1)

No sutopsy. See also Creech and Joknson (1974):
Falk et al. (1974a) (case 3): Wheian et al. (1976)
(case 2): Makk et al. (1976) (case 6)

See also Falk et al. (1973a) (case S); Makk et al.
{1976) {case 10)
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Table 15 (conunued)

H
Py

52 Whelan et 21. (1976) Chronic alcoholic. See atso Aakk et al. (1976) fcase
{case 3) 13), Berk et al. (19763 {case 2)

;.' No.  References Additional relevantintormation
i Sag ¥ e -
B 2o L a7 Block (197 Sce also Falk ¢t al 1597301 (case 20 Makk et al.
- J{.‘g?*“ PP (case 1) 11976) (case 4)
v _"f. e y o
.‘i‘ 38 Block (1974) See also Falk et al (19733) (vase 1) Makt et af
.t (case 5) ‘ (1976) (case 2)
»T G 49  Block (1973) See also Falk et al 11974 1casc 6): Whelan et al.
- b (case 6) (1976) (case 4); Makk eral (1976) (case 14)
B p Apae S 'r',:..‘
f’-- Sty 4 0 -
B e 51 -
A SO T A £

§3-67 -

68 Zonca et al.(1975) Among 3 work force of 1801120, PVC polymerniza-
tion: 60, production oi VCM) emploved at this piani.
15 died of malignant disease t 2 ASL. 5 bronchogenic
carcinomas. | case each of carcinoma of the (aryan.
nb, mamma. spermatic cord: glioma, mefanosarcoma.
leukaemia, Hodekin's diseass)

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-
crease in the number of new cases diagnosed and reported to NIOSH can be observed
(Fig. 7). The onset of this gradual increase coincides with the calculated mean latency
period of 21 years (Spirras and Kaminski 1977). Sprrias and Kaminski also suggested
that in future cases the age at diagnosis and the length of the latency period may in-
crease as a result of the later reduction in levels of exposure.

From the synopsis in Table 13—18 it can be seen that in about two-thirds of the
cases of ASL for which morphological details age available varying degrees of associat-
ed hepatic fibrosis in nontumorous areas 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

e

that acroosteolysis and cutaneous stigmata of scieroderma have been observed in only 3
1 of these 76 patents, a French PVC worker who had apparently not been engaged R
in reactor cleaning (case 29; Roche et al. 1978). Another noteworthy piece of informa- -
tion is that strikingly atypical endothelial cells with hypertrophic and hyperchromatic 1
nuclei have also been found in organs other than the liver (kidneys, lungs) in autopsy 9

material from two patients (cases 1 and 17, Hubler et al. 1977; Riibsamen 1976). o) fi

Hublet et al. (1977) also found such cells in the myocardium and in the adipose tissue o i

enveloping the adrenals. All this may lend support to the idea that the effect of VCM n

metabolites is not restricted to the vascular endothelium of the liver and spieen. Angio- 8 d
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Table 16. Personal data on eight 2ases of anposarcoma of the liver smong VO M<ex-
posed personnel not empioyed in PVC production (as reported to NIOSH by August
1978)3

Date of Totai
Birth 332 death Agzat vears Job

No. Country tm ey iy dsath  exp. slassification

A D3 07.16.30 10.10.73 <3 14 Louding pesticide zans
with VCM propellan:

B D6 05.09.36 12.16.74 38 3.5 Assistant factory
chemist

C GB2) 090812 12.00.70 L1 I Pouring PVC oil mix-
ture onto fabric bases

D L 06.153%  04.16.71 36 3 Fabrication of PVC

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

£ S 11.27.11 08.16.71 61 23 Assistant factory chem-
ist (production of VCOM)

F USA (15) 00.00.25 02.15.73 47 ? Accountant at plant
produciang PVC fabne

G YUY 1115831 07.12.73 42 18 Production of VCM

H YU13)y 12.21.31 01.11.76 45 pand Production of VCM

3 Update of NIOSH register, August 1978, prepared by Aeminski as in Table 13.
Y 00. data not availabic

sarcoma asising from the kidneys or other types of malignast renal neoplasms, how-
ever, have not been described in VCM-exposed individuals, although maliygnant nephro-
biastoma has been induced in experimental amumals.

The extremely rare coincidence of angiosarcoma and hepatocellular carcinoma was
found in three instances (case 7, Delorme 1978b: case E, Bvrén and Holmberg 1975,
and 3 case not included in the 1978 NIOSH update Tamburro etal. 19782). In the
case reported by Tamburro et al. chronic alcoholism may have played 3 cofactor role
in the development of liver cancer. We can now add a fourth case observed in 1978 at
the Department of Medicine in Bonn (see Sect. 4.1.5 and Fig. 3). This patient (patient
9 in Table 11),a PVC-polymerizacion warker (tot2) period of exposure: 18 years) was
first admitted to our department in February 1975 and was found to suffer from atyp-
jcal cirthosis of the liver with portal hypertension, splenomegaly and Raynaud’s phe-
nomenon. During follow.up ASL was clinicaly suspected but could not be sonfirmed
during life, despite exploratory laparotomy ind generous surgical biopsies. The patient

.
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Table 18. Publicatuons on the erght cases o1 angrosarcoma of the liver listed 1n Tadles

16 and 17 -
No Relferences Additional relzvant information
A Reiniand Weber 196 7 wdinpathic portal hypertension: portocsval
11972 shunt
B Zimmermann and £ck 1973 nght heminephractomy for unilatesa hyéro-
11978, nephrnsis yssociated with bilateral doubie Hidney.
Remnlil%78) Foc: of hacmatopostic cells in spleen and Xidnzy.
) Fibrosis of the pancreas. Slight fibrosis of testes and
of the small intestinal serasa
C
D Maltom 11972y Autopsy- angiomatous spulis. Angiosarcoma invoiv- .
ing liver, tungs and pericardium. The pencardium
migiit have been the pramary site!
E Byrén and Holmberg Probabdle coexistence of 3 hepatovetlular cancer of
(197%) both low and high grade differenuation
F 0

G Zorezeral. (1975) -

died on 7 August 1978, after 3 massive haemorrhage {rom oesophageal varices. Autop-
sy revealed both multicentric metastasizing angiosarcoma and hepatocellular carcino-
ma of the liver as well as slight fibrosis of the pancreas (to be published in detaii).

It is still unexplained why hepatocytes are generally exempted from the carcino- .
genic etfect of VCOM meubolites but. as predicted by Popper in 1975, three anecdoral
sases of hepatocellular carcinoma, one German (Guke! et al. 1976) and two British
PVC workers (Fox and Collier 1977), have now also been observed after exposure to
VCM. It may be mentoned that 2 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-Riviére in congru-
ence with the distribution of the plastics industry, a coincidence which calls for
further investigation of a possible exposure to industrial carcinogens (Jacob and
Thénauir 1975). .

Not included in the NTOSH register are several anecdouwl cases of ASL, capillary

oo~

3t

and cavernous angiosarcoma of the liver and haemangiosarcomatosis of sites other than ,‘i :
the liver, for which a relation to occupational or even possibly residential exposure to ":"g
VC3! has been discussed (Voria et al. 1977; Bredy et al. 1977; Dor et al. 197§; Wall- 3K -
nofer and Zinnagt 1977). e

Although of undetermined relevance, it should finally be mentioned that, in addi-
tion to hepatic fibrosis, varying degrees of interstitial fibrosis of the pancreas were
noted at autopsy in tour German workers (cases 19, 23, B and the above-mentioned
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patient with both angiosarcoma and hepatocellular carcinoma). Fibrosis of the testes o:
was observed in three cases (19, 29, B), and Roche et al. (1978) also reported fibrosis/ h.
hyalinosis in vesseis of skin. heart, lungs and intestinal wall. ar
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. Y 5 3 The clinical symptomatology of usually multicentric ASL is unspecific. Gradually de- [o¥
ARG b clining general health and loss of weight combined with ill-defined upper abdominal 2
§. Pt L discomfort and slight epigastric or right upper quadrant pain are usually the first 5 Fig.
£ symptoms. Recurrent bleedings from oesophageal varices may have been antecedent > the
; events in patients with portal hypertension who otherwise feit fairly well. In 3 number = Unis
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11 months after peritoneoscopic diagnosis of severe hepatic fibrosis (case 19: see also
Lelbach and Marsreller 1977). In addition to the findings described in connection with
hepatic fibrosis. there may be hypervascularized or cystic tumour formation visible on
the surface of a nodular, quasi-cirthotic liver, or a gross aspect resembling hepatic me.
tastases if the vascular malignancy involves the superficial regions of the liver. It should
be stressed here that needle biopsy is absolutely contraindicated if there is any suspi-
cion of ASL.

3 4 )
% , 434 Gross and Histological Morphology
Yoy
s -." A ,i? : The liver is usually markedly enlarged. Liver weight in cases of ASL ranged {rom 1609 to
‘ ke * 27X % : 7300 g (Thomas and Poppcr 1975: Roche et al. 1978). The gross appearance of angio-
K AT sarcoma of tite liver is mostly that of large bulky. irregularly shaped cystic tumour
o4 ,.,!& " “i masses; 3 muitinodular form with numerous, sometimes umbilicated nodules, is less
L often encountered. Extensive hasmorrhagic and necrotic areas or solid and spongy por-

Py v} ]
s i

. TR

)

3

V2] 5 tions of tumour tissus replace much of the liver parenchyma. Rupture of large caver-
. 4&.:'-23 ous cysts may cause fatal intraperitoneal haemorrhage.
‘f:_:p;‘}a reyE Thomas et al. {1975) and Thomas and Popper (1975) distinguished four basic davel.
“"-?"z{{z‘!}"«'- opmental pattems of histomorphology of ASL, which can be found in different por-
{ b> .‘,i,.*t: g tions even of the same tumour and appear to represent stages of progressive svolution:
by - SEE sinusoidal, papillary, cavernous and anaplastic patterns. Indistinet areas of transition
, A 8% :."i{gg and merging of patterns can be observed. .
7 .% &&b};'f Dilated sinusoidal spaces lined by hypertrophic and hyperplastic sarcoma cells with
| a1 3‘“’ ¥ pleomorphic, elongated, hypejchromatic and often bizarre nuclei characterize the

sinusoidal pattern, which is the most frequent type. Tumour cells of varying differen-
tiation envelop liver cell plates and may invade enlarged and fibrosed portal tracts. ac-
companied by proliferation of bile ductules (Fig. 11). In 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 (Weinbren 1976). Even larger blood-filled spaces
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i e .’.1;«4,% are seen in the cavernous type, where they may be surrounded by thick fibrotic walls.
SR S In 2 smaller percentage of cases, solid areas or nodules of anaplastic sarcoma are found,

resembling solid spindie-cell sarcoma, or even suggesting an epithelial type of tumour.
Gedigk et al. (1975) also observed a reticulosarcomalike pattem. The differentiation of
the tumour cells varies widely : it ranges from the inconspicuous endothelial lining cell
type to irregularly shaped, grossly distorted glant<cell forms. Morphoiogically, vinyl
chloriderelated ASL cannot be distinguished from ASL associated with other aetiol-
ogical factors ot from the cryptogenic type (Popper et al. 1978).

In tumour-free portions of livers with angiosarcoma widely varying degrees of ex.
cess formation of fibrous connective tissue are usually observed, analogous to that seen
in nontumorous livers of heavily exposed persons. Fibrosis of enlarged portal tracts
with modest proliferation of bile ductules, mostly only scanty infiltration of lympho-
cytes and occasional formation of perilobular septa or thin connective-tissue septa ex-
tending into the lobular parenchyma can be found. A more or less conspicuous intra.
lobular, perisinusoidal fibrosis is often detected only by special staining methods for
coliagen or reticulin fibres. As a rule, irregular focal or nodular fibrotic thickening of
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Fig. 11. Angicsarcoma of the liver (upper part of photomicrograph) invading adjacent
liver parenchymaicase 4= Dl see Table | 3). Note hyperplastic and hyperchromatic
nuciei of proliferating neoplastic lining cells enveloping hepatic cords. Reproduced by
permission. Ann NY Acad Sci 216:278-285 (1975). Courtesy of Professor Gedigk,
Institute of Pathology, University of Boan. H & E_x 250

of Glisson’s capsule is present: these fibrotic capsular areas may extend into the under-
lving parenchyma and may connect with adjacent enlarged subcapsular portal tracts.
The cellular and nuclear size of hepatocytes may vary widely; groups of binucleated

ot even multinuclear parenchymal cells with abundant cytoplasm are seen. Focal pro- ; ‘ v
liferation of sinusoidal lining cells may be encountered, especially within foci of sinus- =5
oidal dilatation. 38

[n connection with conspicuous sinusoidal dilatation, two rypes of focal hyper-
plastic precursor lesions were descnbed by Popper et al. (1978):

1) Pooriy circumscribed fod of hyperpiastic, often binucleated hepatocytes with

increased number of various sinusoidal lining cells and only insignificant increase of gD
reticulum framework. .
2) Almost nodular areas of conspicuously hyperplastic and hypertrophic hepato- 3¢

cytes with more pronounced varistion of markedly increased sinusoidal cells without
degeneration or necrosis of liver parenchyma. but accompanied by excess formation of

ST
reticulum framework and compression of surrounding parenchyma. poeh ¥
H s
The transition of sinussidal lining cells to angiosarcoma cells is characterized by in- < 3
creasing atypia and anapiasia of these proliferating endothelial cells accompanied either g =3
z b
3
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by tormation of excess connective tissue or by accentuation of sinusoidal dilatation
leading to pnmary peliosis. Involvement of portai areas in the evolution of angiosarco-
ma results in considerable fibroplasia and formation of hyalinized collagen together
with proliferation of bile ductules. in occasional cases connective tissue dndging be-
tween portal tracts or between portal tracts and central veins with subdivision of lobu-
les followed by rearrangement of hepatocytic plates may lead to a cirrhosistike picture.

435 Therapy

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

436 Risk Assessment

When in the United States 13 white male cases of ASL had been detected {rom 1961
to May 1974, among an estimated total population of VCM polymerization workers of

roughly 20 000. a risk ratio (ratio of observed to expected cases) for this population of

at least 400:] was calculated (Heath et ad. 1975). This calculation was based on data
from the National Cancer Institute’s Third National Cancer Survey (1969-1971).
which expected for the total United States population an annual incidence of this tu-
mour in the order of 0.014/100 000. This would have meant only about 0.03 cases per
20 000 polymerization workers within a 10-year period. Dose-response and attendant
biotransfonmation data on experimental animals have since been used to elaborate sev-
eral different models of exirapolation to man. These were calculated with reference to
relative body surface areas, for estimating the risk of ASL in human populations ex-
posed to VCM and for establishing guidclines to assist the research for “realistic safe
doses’ that do not affect the average lifespan of a person exposed {Schnciderman et al.
1975: Gehrring et al. 1979, 1978: Woods 1979). Gehring et al. (1979) consider 3 probit
percent model to be areliable tool for risk prediction, which works without the assuinp-
tion of a threshold. They predicted a cancer risk of 1.5 cases of ASL in 100 000 000
workers on exposure to the current National Standard in the United States of 1 ppm
VCM 8 h/day, § days/week, for a 35-vear working life, an incidence which does not
significandy deviate from the spontaneous incidence rate. A linear model modified by
adjustments for differences in the rate of inhala‘ion. distribution, metabolism. cell
proliferation and tumour latency times between rats and humans was descnibed by
Woods (1979). This model arrives at an incidence of 3.9 cases per 100 000 000 workers
after a lifetime exposure to 1 ppm. Much controversy, however. about the validity of
risk extrapolation from animal experiments to man and from high- to low-level expo-
surc and the probicm of threshold doses has been voiced (Mawug/t 1978: Hooper et al.
1979 Scineiderman 1979 Weigert 1979 Reitz et al. 1979).
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Resuits of a recent survey by Brady et al. (1977) indicated that lor New York State
texcluding New York City), 3 highly industnialized area, the annual incidence rate of
ASL during the 6-vear period from 1970 through 19785 was 0.25 per million residents.
This considerably 2xceeded the national averaz2 rate of 0.1+ per million per year
the Uniied Star2s. [n 3 concomutant case control study. 25 patients with hustoiogicaliy
confirmed ASL were found in the study area from 1935 to 1975, and 7 of these had
had documenisd long-term exposure to either As. ThO- or VCM. Five (al) femaie) of
the remaining 19 parients lived ar 3 distance of S00—4500 feet from VC tabrization ¢t
poiymenzauon facilities {or long perivds. No pertinent exposurs or residenual history
was obtained {rom the other {4 patients. Discharge of unreacted monomer into the en-
vironment as result of losses in the PVC procuction process was estimated to have ex-
cezded 200 million pounds annually, most of which escaped into the aumosphere with
lesser amounts dissolved in water effluent (Sc/mvetrzer 1975). Concemmning the order of
‘magnitude of ambicnt exposure beyond the work place. ie. outside the industrial set-
ting, an average annuaj exposure concentration of 17 ppb was estimated for the 4.6
mullion persons throughout the United States who resided within a S-mile radius of
vinyl chionde emission sources (Kusmack and McCGaughy 1975). If the risk assessment
model elaborated by Woods (1979) is applied to this population of 3.6 million people,
the estimared incidence of angiosarcoma per year would not be above expected back-
ground levels.

+5.7 Monality and Cancer Morbidity Studies

For a tumour disezse as rare as angiosarcoma of the liver even quite small increases in
hazard over background levels should be detectable (Dofl 1975). The situation with
the comenon types of cancer is far more Jifficult. Since 1974 2 number of mortaiity
studies of VCMexposed populations have suggested that in humans long-term expo-
sure to YOM may also be associated with cancer of sites other than ths liver, notably
the lungs, and the tymphatic and central nervous systern {(Monson et al. 1973: Ot et
al. 197S: Tabershaw and Gaffey 1974, Nicholson et al. 1975; Wegoner et al. 1976:
Waxwailer et al. 1976 Nicholson 1977; Bujfler et al. 1979). Epidemiological studies
of British workers failed to confirm this suggestion (Duck et al. 1975: Duck and Carrer
1976; Fox and Collier 1976, 1977). s did a prospecuve study of 3 VOM/PVCex-
posed cohort of 1618 employees of a West German chemical plant (Frenrzck-Beyme

et al. 1978). Criticism of design and interpretation of some of the studies has been
voiced (Falk et al. 1974b; Purchase and Williamson 1974: Reyer 1977: Delderup 1975
Berry and Rossiter 1976). A follow-up of all VC\M-exposed persons (750 traced) ever
employed at the one Swedish factory, which started operation in 1945, for mortality
and cancer morbidity pattemns revealsd a fourfould excess of pancreas/liver tumours
but no devistion in the number of brain tumours {rom the expected level (Byrén et al.
1976).

In addition to the three extensive mortality studies of Tabershaw and Gaffey
(1974). Waxweder et al. (1976), and Fox and Codllicr (1977), & fourth comprehensive
epidemiological study (Rem! and iWeder 1976) was completed in 1977 by Reinl et al.
(1978). wiich included three study populations {rom 1 1| VCM- and PVC-producing
factories in the Federal Republic of Gennany, covering the period from before (959
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Q2 W K. Lelbach and H.J. Marsteiler
through 1974: (3) 7021 workers engaged in the production of VCM and PVC; (b)
4910 chemical workers from the same plants not exposed to VCM: and (¢) 3007
workers engaged in PVC manufacture. Not included were non-German workers of
Mediterranean origin. This German study permits cumparison not only with the mor-
tality ratio of the total male population but also with a comparable occupational
group exposed to VCM. With regard to the ‘healthy worker effect” (McMiciae! et al.
1975), overall mortality was elevated jor the YCM-exposed population (group a). but
not for the other chemical workers (group b). Apart from the markedly elevated stan-
dardized monality ratio (SMR) for malignant Liver tumours (1 523). which proved to
have been ciosely related to the duration of exposure, a significanuy elevated SMR was
found for tumours of the lymphatic and haematopoetic system (214). The group of
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bone lesions presented with mild to marked thrombocytopenia {30119 ¥ 107 Titr2),
Bone marrow aspirates in 6 patients permitted exclusion of disturbed platsiet forma-
tion or osteomyelofibrosis/scierosis, but in 12 of them spienomegaly was found. Ex-
cept for slight reticulocytosis in 8 and leucopenia in 3 of the workers. other haematol-
ogcal tests were negative. The reduction of the number of leucocytes and platelets as
wel] 25 reticulocytosis appeared to be attributable to spienomegaly, but further studies
on the nature of thrombocytopenia were thought necessary. and it was suggested by
the authors that 2 Jecrezse in the number of platelers might serve as an 22rfy and easily
detectable simptom. The high prevalence of thrombocytopenia (as 32:emmined by
phase<ontrast microscopy) found later on dewiled analysis of platelet function and
other parameters of blood coagulation in the total cohort of PVC producton (and also
rabdcarion) workers from this plant strengthened this suggestion (Bachiner et al. 1974a,
b. 1975a. b, 1976: Sehrr-Bachner and Erze! 1977). Wegrman (1975) also commented
upon sbnormal platelet counts in 13 of 37 PVC fabricating workers who had only
handled PVC powder which. however, might have contained substanual amounts of
residual monomer. In contrast, Lilis et al, (1975) detected thrombocytopenia in only
1 of 354 polymenization workers, but an electronic cell counter was used for platelet
counts {personal communication).

According 10 Searr-Bachiner and Erzel (1977). the mean platelet count in a cohort
of 132 PVC polymerization (and processing) workers was significanty lower than that
in a nonexposed control group of 150 healthy men. As could be expected, Bac/uer et

al. (1975b) also demonstrated a positive correlation berween the degree of thrombo- _' ﬁ
cvtopenia and the prevalence of an enlargement of the spleen (palpable splenomegaly $ 2oy o
or spieen size determined by selective scintigraphy with '*7-Hg-bromo-mercury-hydro- e
xypropanedabeiled red cells) in 70 PVC polymerization workers (see Table 19). [t ap- __.' oA
RS
Table 19. Prevalence of enlargement of the spleen3 among 70 PVC-polymerization % ~
workers in reiation to increasing degrees of thrombocytopenia (Bachner et al. 19752 3 ¥¥c
: No.of workers  Platelets (x _10-*/litre) Enlargement B
Group examined Range Mean of the spleen ‘ -;
aatde 2
A 14 > 130 168 3021%) N,
B 2 100-130 117 11146%) ey
c s 70- 99 87 19 (76%) P Poa:
D 7 < 10 & 6(867) cy AT
CEAEY b
3 As determined by palpation or by selective spleen scintigraphy. 43‘:\3-?-_‘,‘.7 4
',~ ‘;i-.
Yo
pears, however, that the development of thrombocytopenia is not dependent on the_, it
presence of spienomegaly since we observed mild thrombocytopenia (100-120x 1077/ ?-, 2
litre) in a small number of workers in whom spleen size was definitely within normal ;}fi 5
Limis on selective spleen scintigraphy (MilzQ3chenindex < 4.5 x 1072 according to LA
Fischer ana Wolf 1963). &N B fa
Thrombocytopenia was accompanied by abnormalities in platelet function tests. z;ﬂ_’:
There was an increase in the number of large (> 10 om) Yjuvenile® platelets (increased g ;ﬂgn
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