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1 Introduction

The history of vinyl chloride-associated disease, its recognition and prophylaxis is a
classic example of shutting the stable door after the horse has bolted. It should help to
emphasize the need to shift our attention to preventing exposure from occurring rather
than to reparative measures. la view of the large number of new and porendally hazard-
ous chemicals introduced each year into the workplace and the environment, u;u ac.
count should again alert us to the necessity of pretesting chernicals adequately for toxity of :
pyrolysis pr.
: ::lg:x:::r:::::a‘l‘t?:ffem. even at the risk that technological progress will develop maunly due 1o the relea
' Abar 1969:Dyer and £
i Largescale production of the s'ynl.heuc resin polyvinyl chloride (PVC), a thermo- and only very small of r
plastic material suitable for the most widely diversified industrial use, was begun (OMara et al. 1971 cite
around 1930 in the United States and in Germany. The monomet, vinyi chloride :
(VCM), a tather simple aliphatic compound, was believed until the early 1960s to be
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W K. Lethach and H.J Marsteiler
Technological Details

2.1 Vinyvl Chloride Monomer (VCM)

At standard (ambient) conditions of temperature and pressure, vinyl cldoride (CH, =
CHC!: chloroethylene, chioroethene) is 2 non-irntating, colourless gas with a faintly
sweet odour, inflammable at concentrations above 3.8% by volume 1 gir, which 1s
only shightly soluble in water, soluble in ethyl alcohol and easily soluble 1 ether and
carbon tetrachloride. VCM is mainly used as an intermediate in the manufasture of
plastics, as a refrigerant and in organic synthesis. [t was formerly also enmiployed as a
propellant for aerosoles. It is easily liquefied under pressure and is usually handled and
shipped as a liquid. Gaseous VCM condenses at —13.8°C and 760 Torr (= 101.3 kP3)
to 3 colourless liquid of low wviscosity (Lefaix 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 s 2.15 times heavier than air), its low solubility in water and the
half-life in air. ranging from 3 to 20 h.

Table 1. Phy.ical properties of VCM

Mol wit.. 62.503

B.p: - ‘=138°C(=13.710 =~13.9)

F.p.: ~153.7°C

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

Limits ot flammability: 3.85-29.3% by volume in air above —=78.5°C
(= 38 000=293 000 ppm)

Autoignition temperature: 472°C

Yapour pressure: mm Hg 10 100 692 2300
°c ~8375 =558 =158 +20

Vapour density: 2.15 g/litre (calculated at 25°C and 760 mmliig
(air=1)

Sp. gr. of Liquid VCM: 0.9121 at =20°C/4°C

0.99 at-25°Cla*C

Sources: Farrhall 1957, /nsh 1963, Zapp 1964 ; Lefaux 1906 Osrermaver {907,
Roubal 1972,

"2.1.1 History

The French chemist, Regnauir (1835) was apparently the first to study systematically
the synthesis and analysis of vinyl chloride. Liebig, who had done some earlier prelim-
inary expenments, encouraged Regnauir to investugate this compound when Regnaulir
spent severa] months in Liebig's laboratones. All compounds containing the vinyl
group (CH, =CH-) polymerize readily (Fair/rall 1957). Spontaneous polymerization of
vinyl chioride to 2 white opaque solid mass under the influence of sunlight was first
descnbed by Baumann in 1872; he also quotes a paper by Savrser and Glinsky (who
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6 W K. Lelbach and H.J. Marcteller

2.2 Production of Polyviny!l Chloride (PYC)
22.1 Technology of Polymerization

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

Vinyl chloride monomer is polymerized in large autoclaves (reactors) at tempen.
tures between 40°C and 30°C and pressurcs of 6-16 (8-12) atmospheres. Th-re are
usually several reactors (up to 10--30) located in one building. The resctivity of the
monorer 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 VOM
is not only the site from which the polymerization originates 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 (Barnes
1976), is initiated with the aid of compounds soluble in VCM that form free radicals at
relatively low temperatures. Initiators are such compounds as lauroyl peroxide, isopro-
py! percarbonate, azo-bis-isobutyronitnde, and others. The free radicals react with the
double bond of the monomer, transforming it in tum into a free radical and thus prop-
agating the growth of a chain of molecules with 3 terminal free radical. Chain growth 18
interrupted by saturation of the terminal free radical which often involves a reaction
between two growing chains (Malren and Zielhuis 1964 ; Lefaux 1966. Albngit 1967
a—c Dormninghaus 1972; Slarer 1972). The random character of such termunation
steps accounts for the production of chains of different length and hence different de-
grees of polymenzauon, with molecular weights of the finished PVC being staustically
distributed around a mean value.

Commercial PYC polymers have average molecular weights that vary from about
50 000 to 150 000 daltons (A /brmght 1967b). Degree and velocity of polymenzation,
which are influenced by temperature and the concentration of initiators, determine
the specif - type of PVC produced (Frey 1973). During polymerization considerable
amounts ¢ the monomer are at first dissotved in the polymer, but most of this is later

also transformed to PVC as polymerization progresses. The polymer which is not sal-
uble in the liquid monomer precipitates out. The process of polymerization slows
down towards the end of the reaction. It is terminated, depending on the method used,
when approximately 80%—90% of VCM is polymerized. The timing of this termina.
tion of the process is essential for the physical properties of the resins produced. The
heat generated dunng the exothermic proces of polymerization must be removed to
keep the temperature of the reaction under control. Mechanical aptation aids in trans.
fernng the heat across the colloidal system to the cooling jacket of the reactor. During
the process of polymerizauon certain quantities of the polymer adhere to the walls of

“the reactor and form a dowly thickening continuous film or ¢rust. This polymer crust

on the inner surface of the reactor vessel, which contains cavities filled with unreacted
monomer, impedes the conductance of heat; it has, therefore, to be cleaned away after
terminanon of the batch process (Bames 1976).

After completion of the polymerization process, the slurry is released from the re.
actor into a dump tank. Residual unreacted vinyl chlonde monomer is partly solvated
in the polymer (about 10%); the remainder is dispersed in the water phase or s present
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M Ll Solution Polvmenzation. This type of precipitation polymenzation is carnied vut in permt ¢
" e P organic solvents such as n-butane of cyclohexane. It accounts for only a small percent. 1 the p
( v age of the total amount of all PVC resins produced and it is uszd for the production of The:
i Q.;‘ Xga? vopoly mers. Copulymers are mixtures of comonomers (such as vinyl acetare, vinyl. clave va.
2 "’:h stearate, vinylidene chloride, propylene, acrylonitrile etc.) and vinvt chlonde. The co- walls (*p
“-’. e mononters tend to umprove flexibility and linuted solubiity of the product in sohvents tors, ha.
7'&5"&- ' and exert an intluence on the temperatures required for compounding. degassed
"g?.h‘!‘. : and larg.
' ¥ e,
;., % Qs - 2.23 Compounding :':';:‘::
E‘ﬁc‘ As 2 next step, depending on the end use, the dried polymer, 3 whitish powdery or :;:ﬂ’ ““‘
R v granular product, is then compounded (or dry blended) under pressure at fusion tem- thosey \;“
? perature with the aid of plasticizers (mainly phthalate or other organic esters) and light .
w0 . o (centnfi
) '?33.‘2_ and h_c:u stabilizers (heavy metal salu..o.rganoun compounds, and other stabx_hzm). ties of .
;.‘;' Lubricants or dyes can be added. Plasticizers are added for the production of flexibie veatilat:
SAELASF. PVC. rigid PVC conuains little or no plasticizer. These additives can also be a source of hi
T toxicity. The plasticizers may slowly diffuse out of the final product depending on its pmer
“ - compatibility. Leadcontaining stabilizers may also pollute the working atmosphere "W;“";
:‘%ﬂa (Smultic 1966: Tola 1975). Compounding is carried out by hot mixing at fusion tem- are dnv
,‘& by peratures below or within the softening range (120°C~160°C). Diversified compound-
‘:u_'y;ﬁ_ ing and processing technologies were developed about 1950, . Table 2.
o “-b"",;@ : The comnpounded polymers are used for the production of diverse end-products.
T The final conversion of the thermoplastic PVC resins into consumer end-products is \ [“
e AR e accomplished by such procedures as extruding, calendering, injection or compression 1 ppr
F: o) _*" moulding, blow moulding, dipping (coating) and hot spraying. Temperatures used in
by oy T 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 tempceratures during the fabrica- I mg
2 tivn operations (compounding and conversion of compound polymer tnto consumer
articles) dnve off part of the small concentrations of residual monomer still contained (Par:
Ak in the polymer, Barnes (1976) caleulated that the final fabricated articles contained . -
‘ approximately 5 ppm VCM and those for foodstutt packaging (bottles. films. fvils) .
¢ even less. : 'm“:'::,’
“J, : ' 1 pplln -
- 1%
- 224 Sources of Exposure to VCM in PVC Production \ ———
Ry Both polvmerization of VCM and subsequent processing (centrifuging, drying. screen-
A " ing, bagging) are usually carned out in closed buidings. Exceptions can be found in 298 T
hot climates (Aryanpur 1977). Polymerization s of necessity a batch process that re-
i quires a large number of single operations. Theref{ore, valves, gaskets, shalt-openings In the =
3 and control gear are subject to heavy wear and thus to leakage. Other sources of poliu- ant o
7 tion of the working atmosphere are exchange of parts and repair jobs. The degree of covers .
" pollution also depends to a large extent on the quality and effectivity of monitoring (Lefoux
. equipment and special exhaust systems. Opening of autoclave vats for ¢cleanung and lect as 2
; control purposes resulted in larger spill-over of the tank atmosphere into the wotk en- opency
_-; vironment. Numerous reports of workers with prenazcotic symptoms (dizziness ste.) became |
B
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19 - W.K. Leibach and H.J. Marsteller

States was almost completely destroycd when VCM escaping from a leak detonated
(Albngiir 1967a). Another explosion 1n ane of the two Rumanian factones operaung
at that ume was mentioned by Suciu et al. (1975). Monitoring of VCM concentrations
polluting the work environment was then directed largely towards prevenung VCM
from reaching the {lammability limit. .

226 The Odour Threshold

Unfortunately, gaseous VCM has no irritating or unpleasant waming properties. Its
mild odour is described as faintly pleasant, sweet or ethereal. Sorie of the PVC
workers we interviewed reported that they had even enjoyed ‘sniffing the gas’, which
soon resulted in a feeling of hight-headedness. For the early days of PYC production,
when appropriately sensitive monitoring equipment was dot yet available, workers' re-
parts about perception of the odour of VCM can be taken as circumnstantial evidence
for a rough estimate of the actual degree of expasure. It should be kept in mind, how-
ever, that in chemical production units the presence of other odoriferous chemicals
and the potsibility 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 certain
gaseous substance unless it possesses irritating waming properties.

In 1929, Schvmidr and Schaumann declared that the faintly sweet gas is practically
odouriess at concentrations of 5%—10%% by volume. Velrman and Lange (19772, b)
assumed an odour threshold of 5 00010 000 ppm. Volunteers exposed to VCM
detected a slight odour at 4 100 ppm; a distinct odour was noted at 6 600 ppm for
30 min and this was accompanied by subjective symptorns of dizziness and sleepiness
(nsih 1963). Gehring et al. (1979) recently mentioned a threshold of approximately
3500 ppm. Others have claimed that a concentration of 400-500 ppm is the lower
limit for detection of VCM dy its odour (Barerrs et al. 1969; Cook et al. 197); Marko-
witz et al. 1972; Lefévre 1975, cited by Hubler 1975). Barerra et al. (1969) conducted
expenments with concentrations of 50, 250 and 500 ppm in an exposure chambet, 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 least one order of magnitude. The close proximity
between the percepuan of the odour of VCM and incipient NS symptoms as reported
by Insh (1963), however, makes it likely that the actual odour threshold can be as-
sumed at or above 4000 ppm.

In contrast to VCM, the comonomer viny! acetate, for instance . has distinet wam-
ing properties and can be detected by its odour at 3 level as Jow as 0.4 ppm; eye and
throat irmtauon begin upward of § ppm and are noted by all test subjects at 2 coneen-
tration of 21 .6 ppm (Deese and Joyner 1969).

32.7 VCM as an Anassthetic Agent

VCM was once even considered for use as an anaesthetic agent. In 1929, Schmidr and
Schaumann speculated about using VCM as a supplemnentary narcotic at concentra.
tions of 3%~5% (v/v) (= 30 000--50 000 ppm) in combined nitrogen oxide axygen
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12 W.K. Letbach and HJ. Marxteiler Vinyl Chic

Table 4 Indwidual respunses ot volunteers to increasing concentrations ol VOM 229 Mo
Con.entration Duration of Sympioms Referznce
exposure Dunng the
ed dataon
00 ppm 75k (Inconstant odour detection) Burerzg et al. was directe
mild headache, dryness of 1969 an apparen:
eyes and throatin 2 of 7 subject 1954 Plesiy
A4 Q00 ppm - Generally accepted odour FETURE BTN Gronsbeg t
4 threshold Russian pol
4 ) 005008
8% 6 600 ppm I0min fg Distinct ocliom:) s Insa (1963) centration ¢
% izziness, sleeping Inspectorat:
< 8 000 ppm 2 of 6 subjects ‘slightly heady® : or from the
? 12 000 ppm | of 6 subjects had reeling, ‘ mg/litre (=
34 swimming head, ‘just bke ' mg/litre (= .
f S min? (twice on  getling gas’ Lesrer et al. In the c:
. 3 16 000 ppm L each of 3 succes- 5 of 6 subjects, various degrees  (1963) air
3 ) . o anged f1
. sive days) of intoxication ich
3 20 000 ppm All 6 subjects had mote intense ; ppm, which.
ety ‘symptoms of acute intoxication i ventilauon.
AR than at 16 000 ppm I trations, sor
{_w % pursuit of irr
:;-.._ 25 000 ppm 3 min Zexpenmenters: Patry erat. ment in the
Al dizziness, disonentation, (1963) i ic drying fac
s g:ﬁ buming sensation in the soles : '8
-‘h .‘ of the feet centrations ¢

]
T
48

‘ continued to

;.",g.‘,_?" 3 Exposure to six different concentrations: 0 ppin: 4 000 ppm: 8 000 ppmi: 12 000 mrutted conce
v t ppm: 16 000 ppm: 20 000 ppm In a plant
P33 the range of (

. "é ppm (293m

_ " through which non-polymerized residual VCM was pumped back into a reszrve tank: ication appat
SR another man coming to his rescue was himself overcome by the gas and only just remarkable tt
A f escaped. ) the liver, alth
ooy - Two non-fatal cases of VCM gassing were reported in Great Bntain in 1931 (Spertas past have pro
[ ,,} etal. 1975). A maintenance worker experienced acute narcosis while repairing a VCM Byrénet:
) 5 leak, and a worker cleaning a polymerization vat from outside with 3 water jet sudden- which accurrc
L ly collapsed across the open manhole. Subsequently he complained about tightness of cated peak ex

{ 3: the chest, nausea, abdominal pain and headache. Occasional loss of consciousness was between 196
Srox also reported by Lilis et al. (1975) in 14 of 354 workers at Niagara Falls and by Suciu Rumanian PY

A _; et al. (1963) at 3 Rumanuan plant. VCM-induced narcosis, at least on one occasion in about 120 mg
o the past, had occurred in 46 of 58 workers (797%) relerred for medical surveillance expasures to

: from one Briush PVC-producing plant (and et al. 1976), with a 1007 incidence of 300 Rumania:
narcosis in 28 symptomatic workers (Raynaud’s syndrome and/or acruosteolysis). Greek plant w

Successful resuscitation after VCM-induced narcosis of several hours’ duration with- resulted in hig

out evidence of permanent damage was mentioned by Rezy et al. (1974). (Girsios 1971)
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14 W.K. Letbach and H.J Mareeeller Vins

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

In the report of a World Health Organization (WHQ) working group on vinyl chlor- plant
ide (IARC 1974) it was stated that in a reactor of 15 m? (production of 35 tons of samp.
PVC per cycle) a crust of 4 kg PVC containing 3%-5% VCM can be formed on the Esum
inner surface. During the cleaning procedure 30750 of this VCM content s liber- more
ated. It was calculated that the probable concentration of VCM wrthin the reactor aversc
after a |-h cleaning operation was about 2700 ppm, but that it could Ue reduced to
90 ppm by 30 renewals of air per hour. In the past a polycleaner used to sperd 4=5 h, Tabl

" day inside the reactor but later the introduction of (not fully sufficient) automated a!‘m : .

cleaning reduced manual cleaning procedures to shorter periods of 10-15 min follow- Chem.
ing every 20th—30th reactor cycle. A Beigian company, where monitoring in the work- i —
ing area was started in 1967, claimed that measurements at various sites inside 3 9000- 1945 -
litre autoclave during the manual cleaning operations had shown VCM concentrations ;ggg‘
varying between 50 and approxumately 540 ppm, wath a mean of 413 ppm (Hublet et mid-1 ¢
al- 1977). According to data provided by Cook et al. (1971). VCM congentrations 1c
within the reactors pnor to ventilation were in the order of 3000 ppm. The reactor 1€
cleaners usually did not enter the autoclaves until an aeration period of 15-20 mun
had reduced the VCM concentration to what was considered satisfacrory limits. In the ¥ Acc
early days, this was tested either by ‘sniffing at the manhole opening’ (the lower lmit
of detection of VCM by its odour having then been accepted as 400 ppm) or by use of
a flammable vapour indicator which required 3 minimum of 400 ppm for positive read.
ings, equalling 4% of the lower explosive limut of VCM. Later more sensitive methods
such as gas chromatography were said to have shown that VCM concentrations inside
the reactors tended to bd below 100 ppm during cleaning operations, but VCM releas-
ed from the residue during scraping resulted in concentrations of 600~1000 ppm
measured close to the hand.

The Dow Chemical Company started monitoring the work environment in 1950 by
means of grab samples; continuous monitonng was installed in 1959. While time. ment sk
weighted average (TWA) concentrations ranged {rom 10 to 385 ppm during this period ) ‘f" ak co
(1950~1959), excursions up to 4000 ppm occurred, agreeing with employees’ reports or the .
of experiencing dizziness while loading or unloading reactors (Orr et al. 1975). In a
second unit with modernized equpment excursions up to 600-1300 ppm still occur- tion det
red during the period of 1953—1959. In 1959, when toxicological data indicating ad- (ono m(
verse effects in animals exposed to 100-500 ppm VCM had become available (Torkel- which c:
son et al. 1961), the Dow Chemical Company introduced a new 50 ppm guideline for :
the work environment. Excursions and peaks up to 500 ppm did continue. Measure-
ments of TWA exposures for various specified job categones in two production urnuts Aca
of this plant between 1950 and 1966 were presented by O11 et al. (1975). In 1968 in dusm:;
BASF (West Germany) introduced continuous monitonng by infrared absorption in 1975 :
spectrophotomerry for VOM concentrations well below 500 ppm: in 1974 more sensi- ‘
tive equipment was installed and concentrations were kept below 25 ppm and later
below 10 ppm, with occagional ceding values of 70 ppm (Fleqp and Tliiers 1974). 22.10 |

In several surveys individual jobs were grouped into three exposure categones ac-
cording to job classification to evaluate past exposure experiences (Spirtas et al. 1975, Raw PV(
Williams et al. 1976, Blendis et al. 1978). These exposure indices were: (a) light = less unreacte.
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wus reported to have been as high 35 6000~7000 ppm (w/w) in some types of raw consp:
PVC. but a level of 5001000 ppm probably was a more represcntative range spons:
(Sciwerrser 1975 VKE 1974: Karsredr 1976). The monomer slowly escapes into the quant
environment exponenually with time. Jepending on length of storage penod. tempera- , obsen
ture. size and porosity of parucles and ather physical properties of the polvmer and. progrs
more recenty, on the etfectivity of special degassing techniques (Prver 1976: Schues male F
and Wolf 1977). In 1975, the Association of the German Plastics Industry announced find ar
that in future only PVC powder with 1 maxumum monamer content of 10 ppm would Ar
be put on the market due to the development of special degassing technologies (VKE two G.
1973). Analyses of the types of raw PVC, chiefly suspeasion polymer. which are now died re:
used in German plants showed that in most products the content of unreacted niono- lation .
mer was now less than 20 ppm but in some foreign products it still ranged berween . ‘health
150-and 250 ppm: it also turned out that there may be considerable variation between overnall
different batches of the same product (Scfrirz and Wolf 1977), record:
Culd and panticularly hot mixing or compounding of PVC, a procedure which usu-
ally precedes fabncating processes, favours the escape of unreacted monomer and,
therefore, requires special ventilation equipment. Depending on the content of residual
monomer, considerable amounts of VCM could be set free during the mixing process,
as was shown by Bruder and Straby (1975). Apart from hot compounding, other ther-
moplastic operations. such as extruding, calendering and welding of tiles. also resulted
in release of ynreacted monomer into the work environment. Although recently con-
ducted measurements of the concentration of VCM in working areas of six German . ndust:
PVC fabricaung plants have shown that in 90% of the readings mean levels integrated , Zentrat
over |- periods now range below 0.1 ppm, numerous short bursts with excursions up ' Amenc.
10 60 ppm during 2 workshift were recorded in one instance (Sc/iéirz and IWolf 1977). '_’“-'“d"
Simiiarly low concentrations of VCM in breathing zone samples (maximum: 12 ppn) tions si
with 607 of the values ranging below 1 ppm had been found in 1974 in nine United basic ar
States fabricating plants, but source sanples had ranged up to 340- 540 ppm (Karsrcdt cupatu.
1976). (1974).
These present results, kowever, do not permit any conclusions s to past leyels of used in
atmospheric VCM during the years when residual monomer content of PVC resins was are sum
high and vendlation insufficient, parucularly in compounding and extruding umts. discrep .
Whatever the extent of the nsk might have heen in the past. it can be safely assumed red to t
that the ambient monomer concentrations in fabricating plants have aiways been con- The .
siderably lower than in PVC.producing plants. notas.
When it was suspected that certain VCM-related svmptoms might also have afflict- should
ed PVC process workess. this problem was investigated by our group. Although no tendy »
cases of acroosteolysis, pseudoscleroderma or angiosarcoma of the liver were observed, ‘"‘hbl_'
evidence was presented which demonstrated that minor and inconspicuous lesions such new inl:
as mild hepatic fibrosis, bromsulphalein (BSP) retention, thrombocytopenia and slight lis of \i
enlargement of the spleen could be found in 28 process workers who had been em- vanous !
ployed for years in compounding and fabricating units (Lange e1 al. 1975, 1976a: so<alle:
Wegman 1975; Marsteller et al. 1976). In principle, these lesions were identical with tool for
those seen atter heavy exposure as we will describe, but the degree of damage attribut- ysisof ¢
abie to occupational VCM exposure observed in these workers was not considerad suf- l'? th
ficient to entitle them 1o disability compensanon under German law. Although the in. | ppmin |
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18 - W.K. Leibach und H.J. Marsteller

:n 1970 in conformity with the proposal of Tarkelson et al. (1961}, which was based -
on the results of their anima) expenments. [n June 1974, when the carcinogenic prop-
erties of VCOM had been well established, the MAK regulation for this chemucal was re-
pealed and instead a preliminary technical guideline (Technische Richtkonzentration)
of 50 ppm was instituted (VKE 1975). The Chemical Industries” Liability Insurance
Association ( Berufsgenossenschaft der Chemischen Industrie) also issued instructions
for the prevention of health hazards arising from handling of VCM 1n July 1074, As
of July 1975, a technical guideline (TRK = Technische Richtkonzentration) of 5 ppm.
defined 15 annual mean, for PVC-producing and -fabricating plants was instituted, per-
mitting excursions up to 15 ppm during periods of not more than 1 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 to 10 ppm as of July 1976
and peak concentrations over 1-h periods not exceeding 60 ot 30 ppm, respectively
(Veltman and Lange 19773). The technical guideline (TRK value) was revised in 1977
(2 ppm annual mean/5 ppm per 1 h).

In the United States the threshold limit value for VCM was originally set at 500
ppmin 1947. 1t was reduced 10 $0 ppm in April 1974 as a temporary emergency stan-
dard and finally reduced to 1 ppm/8 h in 1976. Haley (1975) summanzed the conflict-
ing views on vinyl chloride regulauons proposed by Government and industry in 1974.
Table 6 shows threshold imut values in a number of PVC-producing countries,

.12 Exposure to VCM OQumside the Working Area

The Environmental Protzction Agency estimated that PVC.producing plants in the
United States discharged about 90 nullion kg VCM annually into the environment
(47—8% losses), most of it as air emussions and lesser quantities dissolved in water
effluent streams and entrapped in sludge and solid wastes (Sc/nveitzer 1975). Ina
pioneer study, concentrations of 1 -2 ppm VCM were found in the ambient air near
such a plant (IARC 1974), 2-3 ppm in the pnmary water effluent and 100~200 ppm
in the sludge at the plant site, but sampling and analysis methods used were later
found to have been inadequate so no conclusions were drawn from these figures since
they could have been in error by as much as one order of magnitude (Scinveit=cr
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-
led emissions was calculated (Vicholsan 1977).

In the past YCM has been wid=ly used as an aerosol propellant. either alone or mix-
ed with fluorocarbons, hydrocarbons and inert organic gases, in household and cosmet.
ic produets (hair sprays, deodorants, pesticides, room disinfectants, punt sprays,
fumiture polish and window cleaners). In Germany, VCM was proposed as propellant
for aerosols in 1958 (Ostermay cr 1967), in Japan it has been used as 3 propellant since
1958, 1n the United States thus use was probably introduced after 1962 (Se/nvertzcr
1975). As an acrosol propellant, VO M has been a possible source of exposure for the
public at large, particularly for women, the extent and the potential health implica-
tions of which are unknown. Use of aeroso!l produers in confined spaces has been re-
ported to result in air concentrations of VCM of up to 400 ppm in closed rooms,
even after only short bursts (30 5) (Gay et al. 197%), which could persist for several

Vinyl Chis

Table 6. T

—————

Country

——
Belgium
Canada
Finland

- France

German D,
Republic .

Iran
ftaly

Japan
Netherland
Rumania
Sweden
Switzerlan

United Kir
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USSR

Federal Re,
Germany

Sources: S
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hours alter repeated spraymyg in smallersized rooms (TARC 1974). Haley (1975) pre-
sented 2 list of pesticide products contamning VOM as 2 propellant and registered for
indour use, wiuch were banned in 1974 by the Food and Drug Admunistration. In
Japan, the monomer was also banned as 3 propeilant in 1974 (JAMA 1974, 229:8353).
There is a case on record of 2 worker who died from noncirrhotic portal hypertension
and angposarcoma of the liver after 14 years” employment ar a chemical plant in south.
emn Germany where he had been engaged in loading such pesticide cans (Rern/ and
Weber 1974Y. The report of a female office worker suffering from typical Raynaud's
ph:nomenon. pstudosslersderma. acroosteolysis and mandibular osteolysts who never
had occupanenal contact with VOM (Meyerson and Meier 1972) is apt to make one
wonder what influeace the frequent indoor use of VCM-propelled spray cans (Bridbord
et al. 1975) may have had in this unique case. Sputum samples collected [rom frequent
users of pressunzed spray cans who had ao respiratory symptoms were found to con-
tan a significant excess of moderate and marked atypical meraplastic bronchial ceils
compared with two groups of controls (Guod et al. 1975).

PVC bottles. films and foils have been used for many years for packaging food and
beverages (cooking oil, marganne, meat, muneral water, fruit syuashes and other soft
drinks, hard liquor ¢tc.). The content of residual VCM in PVC bottles was found to
have ranged formerly betwesn § and 400 ppm (w/w), and in PV'C foils up to 800 ppm
(van Esch and van Logren 1975). The problem of migration of unreacted VCM from
the PVC contauners into the foodstuffs became recognized in 1973. Reports of un-
pleasant rastes in American brands of vodka and whisky which had been stored in PVC
boriles led to the discovery that VCM had leaked into the liquors; in some samples
levels up to 10-20 ppm (w/w) wete found (ven Esci and van Logren 1975: Duries and
Perry 1975). Data available in 1974 to a group of WHO experts revealed that sampies
of 3in and whisky had contained 0.57 and 0.62 ppm (w/w) of VCM respectively, after
storage 1n minizature PV'C bottles for periods up to 3 years; VCM 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. respectively (IARC 1974), Levels of 0--0.4 ppm found in British
PVC-bottled liquids were mentioned by Davies and Pe.r (1975): in their awn analyses
of samples of PVC-bortled spirits supplied by British Airways they found concentra-
tions of 0-0.25 ppm (w/w). Methods were developed for the deteztion of VCM in
liquids with 3 maximum sensitivity down to the | ppb level (van Liemp and Siek 1976:

Dressman and MeFarren 1977). It was entatively estimated that even during the years
when PVC-packzged food and beverages had not been heeded 13 a porertial source of
contarrunation, the likely average daily human wintake of VCM from this source could
have been in the order of 0.1 mg/person (IARC 1974). Schiarter (1976) calculated
that today it would be less than 0.01 mg/person (equalling 250 mg during a whole

1ife tome): in comparison, he calculated that the inhalational intake of VCM in diseased
workers who had been exposed to concentrations of 500—1000 ppm during 1 period
of 10-20 years would have amounted to at least 25 kg. The Association of the
German Plasues Industry expects that the use of technology available at present for
the production of PVC food-packaging marerials decreases the VCM content of food-
stuffs to below 50 ug/kg (50 ppb) even after proionged storage (VKE 1975). Resuits

of carcinogenicity assays in experimental animals after oral administration of VCM
are discussed in Sect. 3.3,
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The earliest documentation of the carcinogenic action of VCM was Viola's prelim:nary

1979). An

revealed lesions similar to human acroosteolysis and also similar to the type of non- tential ea
tumorous liver diseases which we observed in PVC workers 3 years later (Marsreller et study of ¢
al. 1973). Viok described lesions of the skin, the small arterial vessels, the connective solved in
tissue and elastic reticulumn of the paws, and periosteal proiferation with chondround 6 days/we
metaplasis of metatarsal bones. Fibrosis of small peripheral nerves and degenerauve ratio only
changes of the grey and white maiter of the brain were proininent, whereas the kid- uon not n
neys were not markedly affected. The liver showed pronounced Jegenerative lesions placad the
with parenchymal necross, cytoplasmic and nuclear polymorphusm. abnormal prolifer- . the no-tox
ation of hypemoghic KupfTer cells and intense {ibrosclerotic reactions. angiosarec
Sprague.D
. . ) proved to
T 33 Oncogenic Properties . . ) genicin ra
< be carcine
o3 10,5 and
3L

e report presented at the 10th International Cancer Congress in Houston, Texas in May th
3 '7 1970a. Of 26 Wistar rats exposed to 30 000 ppm for 12 months 17 developed epider- e doser:
N b motd carcinoma, mostly in the paraauricular region; 6 also developed adenocarcinoma exposure |
st of the lungs and § osteochondroma of metacarpal and metatarsal regions of all 4 limbs histologic:
Mol ¢ (Viola et al. 1971; Viola 1974). Maltons and Lefemine (1975) later interpreted these the liver ar
feen- § 28 paraauricular tumours as arising from the sebaceous glands of the extenor acoustic the induct
"j%;" i duct, also known as Zymbal's glands. the cell matrix of which seems to be the target tis- m’;;:
I Jr-g sue of a number of carcinogens. They were of the opinion that the pulmonary malig- m doth u’
3‘;, A ; nancies were metastases from the Zymbal gland tumours. Autoradiograms of sections °l eua
‘;;"!;.";; of whole rats dosed orally with [**CHabelled VCM revealed 2 discrete localization of perplasia 3
":;ff’ﬁg '*C in the paraguricular region (Zymbal gland?) and in the region of salivary glands sven in me,
i s ¥ and Harder's glands (Green and Hat/iway 1975). In this context.Veumann et al. (1979), Wi scanty
sy who analysed the peroxidase activity in Zymbal glands of Wistar rats, proposed the dous.'ln .
=y . T . Lo fibrosis wa
_,."f concept that peroxidase-mediated bioactivation of carcinogens (in their study: stilbene of ossifyin:
Rl ¥ derivatives) might offer an explanation for these tissue-specific effects. fect w ': n.;
\ __@; At the end of 1970 Maltoni and his group, with the support of Itlian, British, ffsori
A ] . : : offspring o
g Belgian and French chemical companies, started to plan and subsequently execute 3 mine 1975
2he X E" large-scale carcnogenicity bioassay designed to study the effects of chronic exposure posed to V
' Lg,_".‘-_'f,'f}“ to VCM in relation to vanous experimental factors such-as route of administration, ’ " ed from Gr
H_-,-;_';_?'_.'_E_' dose level, length of treatment, and species, strain, sex and age of animals (Malroni it was seen
B s X5 1973, 1977 Malton: and Lefemine 19743, b, 1975, Maltoni et al. 1974a, 1975). Con- matunty of
e ceatrations used in the inhalation experiments were 30 000, 10 000, 6000, 2500, 500, 0 2000 bo:
& {‘:.;_.:% 250 and 50 ppm, with length of exposure ranging up to 52 weeks and observation peri- foc; o fhpp;
‘Pt ods up to 143 weeks. Apart from the induction of Zymbal gland carcinoma other ma- €p:
j-;tf—"‘—'f lignancies developed, noubly angiosarcoma of the liver but also extrahepatic angio- Holmbe
p . £ sarcomas, nephroblastomas, pulmonary tumouss and mammary carcinoma, as well as week, for 5
O a number of single tumours of other target tissues, Different rypes of tumours were spleen chan
AR found to coexist in the same animal. On oral adrunistrauon of VCM dissotved in olive mals expose
? ;’%i{f ol (5 days/week) angiosarcoma of the liver was found after 50 weeks in two animais cutaneous ;
DR of the two groups of 80 Sprague Dawley rats esch of which had been treated with the ppm group
B Trvard highest doses of S0 and 16.65 mg/kg body wt. (Maitoni et al. 1975). Melron: (1977)
g '4‘:§ succeeded in demonstraung that the route of adrmunistration of this ciearly multipo- i Seealso
" ,.-l;- :
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was found in an anunal exposed to $00 ppm. A few mamman adenocarcinomas, one
rhabdomyosarcoma and one renal haemangtosdrcoria were lso seen. From their ex-
periments Holmberg et al. concluded that a lower exposure over a jonger peniod may
intensify the zancerogenic reaponse and that an inverted relationship hewwcen dose
level and latency time seems to exist in the case of VCM. as had already been obsened
with other carcinogens. Recently the results of sull another animal expeniment with
exposure of Wistar rats to 5000 ppm. 7 h/day . 3 daysiweek. for 52 months was pub-
lished by Feronetal, (19792, b: Ferun and Arues 1979) in an eventually {nutless at-
tempt to elaborate suitable parameters for early detection of VC\M-disease in man. Ear-
ly effects were a shortening of blood clotting time and the occurrence of swollen and
malformed hepatocytic mitochondria. At a later stage progessive tubulonephrotic
changes in the kidneys, fou of celular alterations in the liver with reduced glucose-6-
phosphatase activity in hepatocytes, strong sinusoidal activity of alkaline phosphatase
and increase of smooth endoplasmic reticulum in parenchymal liver cells were observ-
ed. In the fina) stage arcas of necrosis in the liver parenchyma, focal dilatauon of sinus-
oids and proliferation of normal and atypical sinusoidal cells, multicentnc hepatic an-
gosarcoma and Zymbal gland carcinoma occurred. Feron et al. (1979b) also observed
hepatocellular carcinoma in three animals. Surprisingly, the induction of very malig-
nant metastasizing carcinomas of the nasal cavity originating from the olfactory epi-
thebum and Bowman's gland was noted, which had not been reported before in con-
nection with VCOM. Marked hepatic fibrosis was only seen within fully developed an-
glosarcoma or as a reaction to extenyive necrosis of the hepatic parenchyma. The in-
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vestigators were of the opinion that hepauc parenchymal changes preceded those of .
the hepatic stroma. but they stressed the fact that the true relationship between VOM- “9";‘6“";%‘,?:“
induced alterations of hepatocytes and sinusotdal cells has yet to be eiucidated. 1976¢). :
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34 Toxicodynamics

Prior to 1974 very little ir.furmation was available about the fate and the toxicody-
namics of VCM in the mammalian organism. but the discovery of VCM.induced ango-
sarcoma of the liver in hurhans and experimental animals provoked a large number of
studies which resulted in a flood of publications on the metabolism of VCM,

In 1934 Schaurnann reported that in mammals unchanged VCM was excreted via
the lungs after inhalational administration; the pulmonary route is the-main excretory
route of nonmetabolized VCM (Green and Harhway 1973). Blocking of nonprotein
sulphydry! groups in the blood of vinyl chloride operatives, less pronounced after dis-
conunuous contact, was observed as early as 1964 by Gabor et al. and indicated deple-
tion of the glutathione pool, which has since also been found in exposed rats (He/ier
et al. 19735a). Hepatic glutathione plays a fundamental role in protecting tissues agairist
attack by alkylating agents. The appearance of monochloroacetc acid in the urine of
workers exposed to VCM was reported in 1966 by Grigorescu and Tobe. indicating
that a polar excretable metabolite of VCM had been formed (Vainio 1978).

Toxicodynamic studies have revealed that VCW per se is ncr the uitimate toxin ot
carcinogenic. [t is the process of biotransformation (metabolic activation) of VCM,
primarily by hepatic microsomal enzymes (mixed function oxidases) that yiclds short.
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- \ Total radioactivity 48 h after a single exposure decreased considerably in these organs. microsomal
: in accordance with the relatively mpid metabolization of VCM and excretion ot 1ts ly highly rea.
< polar metabolites. In contrast, the amount of irreversibly protem-bound radioactivity via the form.
-'I-"i" wt remained constant during this time. Buchiter et al. (1977) also showed that unmetsb- bon monex:
v olized VCM possesses a great affinity for adipose tissue, in contrast to its metabolites. preciable rol
iy which ate concentrated primarily in liver and kidneys. in vitro an ar
- o systems.and :
Lrdp 342 Metabolism 19762). The
ST
P 3421 Relarion berween Chemical Srructure. Reactivity and Muiagenic or
f X ‘_5;; Carcinogemic Effect - ’
D . 4
5'\ Before discussing the metabolic pathways of VCM (monochloroethylene) and its pre-
a4 sumpuve toxic intermediates two features of the chemical structure of this compound
oty should be mentioned. Vinyl chlonde is a monohalogenared ethylene and its chlonne
2M ;fi ¥ substitution is asymmerric. Chlorination of alkenes (olefinic compounds), in general,
bx ;Sf tends to stabilize the double bond by exerting an electron withdrawal effect on the
Rty carbon atom involved. Thus, the chemical reactvity of alkenes decreases with increas.
'_ ing degree of chlorine substitution, as was shown in 1968 by Williarnson and Creranovié a
sl for reaction rates with ozone. Vinyl chioride, as a monohalogenated alkene, is the least . >(-.(-/H .
Y stable compound with the highest reaction rate in the series of chlonnated ethylenes : H “H
pir “: and ranks next to unsubstituted ethylene. \ ¥l
por, - % s Secondly. the first step in the oxidauve metabolism of all chlorinated alkenesisa . !
,&_Z transformation to epoxides (opranes) which are shortived. hughly reactive electro- '
w ‘*;‘_ﬁ philic intermediates (Bonse et al. 1975 Henscliler 1977b). Such chlorinated epoxades
« m% may teact, by alkylation, with essennal ceilular consttuents, a mechanism which
s * Rannug et al, (1973), Barrsch et al. (19754, b) and Malaveslle et al. (1975) claimed to
y ? be responsible for the carcinogenic and mutagenic effects of VCM and vinylidene
o€ chloride. Epoxides resulting from biotransformation of asymmernically substituted
Ry--L< ' ethylenes, such as VCM, vinvlidene chionde and tnchioroethylene, seem tg be particu-
: ;E-; larly unstable with increased eleztrophilicity and thus enhanced alkylating etfect.
_f_ ": : Their mutagenscity and, inversely, the nonmutagenicity of oxiranes of symmetncally
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chiorinesubstituted ethyienes was indicated by the studies of Greim et al. (1973,
1977). .
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' 3.4.2.2 Mewbolic Patinvays

kp-wer %
b :é":; From 1974 onwards the fate of VCM has been studied extensively in vitro with rat

g liver microsomes in the presence of a NADPH-generating system (Kappus et al. 1975, metabolized t
e 1976: Bartsch et al. 1975b, 1976 Malaveille et al. 1975; Bolt et al. 1976a: Pessarre ! acetic acid are
:;',* R et al. 1979), with the aid of isolated perfused liver preparations (Radwan and Hensch- 1 roethylene ox
1 ler 1975; Bonse et al. 1975; Radwan 1977; Henschler 19773) and in vivo (Hefner eral. . protein sulph:
S =% 1975a; Watanabe et al. 1976d, 19783, b: Bolr et al. 19773, b) in both control animals ! way (1977).5
40 and animals pretreated with various types of enzyme-induang and enzyme-inhibiting , (Norpoth et a
B substances. S<arboxymet
oyl Presznt hiochemical knowledge strongly suggests that the first step of the predo- acid) (Hensch
’_..,5[5' minant metabolic pathway is the oxidation of the double-bond of VCM by the hepatic idenufied in t
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level of hepatic nonprotein sulphydryl content has been observed in rats atter expo-
sure to'VCMLin coneentrations from 150 1o 2000 ppm for 27 h. No Jepression was
sccn after 10 ppm and a concentration of 50 ppm caused only an inconustent reduc-
tion (Waranabe et al. 1976b). Protein-bound hepatic sulphydry] content remained |
unaffected. Hepauc microsomal cytochrome P, ¢ o, the coenzyme of microsomal mono-
oxigenases, also decreases linearly with time in animals exposcd to VCM (Revnolds et
al. 1975b). This destruction of cytochrome P, 55 may prevent further metabolism and
toxicity of VCM (Pussavre et al. 1979).

Another mode of deactivation of the primary reacuve intermediate, the epoxide, is
its transiomation to the inactive dihydrodiol by the inducible microsomal enzyme
epoxide hydrase,

The reactive metabolite of VCM, chloroethylene oxide, is a powerful alkylating
agent which covalendy binds to various cellular macromolecules, notably vital protems
and nucleic acids. By binding to cellular DNA and RNA orcritical proteins the merab-
olite may alter vital funcuons and the genetic information of the cell and thus exert s
hepatotoxic, mutagenic and carcinogenic effect. Eventually, however, the only fracton
of the formed epoxide that binds to macromolecules is the one that 1s not detoxified
by protective scavengung mechanisms such as conjugation with cytasolic glutathione or
inactivation by epoxide hydrase. Simultaneous presence of other xenobiotics which
have to be detoxified will impair the effectiveness of the detoxification mechanisms. [n
assessing the risk of exposure to VCM, Heuscller (1977a) concluded that there might
be a greater risk in intermuttent peak exposures over brie periods than might be ex.
pected from simple integration over time and that the chances for etfecuve detoxifica-
tion are greater in long-teem exposure to relatively low levels,

It was shown by Waranabe et al. (1978a) that repeated exposures of rats to VCM
do not appear to induce its biotransformation, but significantly augment the binding
of the reactive metabolite with hepatic macromolecules and may thus enhance the po-
tential toxicity of VCM. On single exposures of rats to increasing concentrations of
labelled VCM ranging from | ppm to $000 ppm, the amount of radioactivity covalent-
ly bound to hepatic macromolecules did not increase proportionately to the increase
in concentration but followed 3 sigmoid curve with low and high inflection points be.
low 50 ppm and above 250 ppm. respectively, when binding was plotted as a function
of the log of the exposure concentration (aranabe et al. 1978b). This correlates well
with Maironi's report (1975) of a linear percentige induction of hepatic angiosarcoma
in rats between 50 ppm and 500 ppm when expressed as the log of the exposure con-
centration, .

Metabolites of VCM can alkylate nucleic acids. a commonly accepted mechanism
for carcinogenesis. Covalent binding to the adenosine (Sarbm et al. 1975; Lawb and
Bolr 1977), eyudine (Lah and Bolr 1978), and guanine moiety of nucleic acids (Qster-
mann-Golkar e al. 1977) has been described. But the Jegree of covalent binding of
electrophilic merabolites of labelied VCM to hepatic nucleic acids seems to be very
small (Waranabe et al. 1978b; Laib and Bolr 1977). Laib and Bolt (1977) presented
evidence showing that the alkylating potency of VCM metabolites cannot be deter-
mined solely by measuring the incorporation of label into nucleic acids after exposure
to radioactive VCM. Waranabe et al. (1978b) concluded that covalent binding to
nucleic acids is not the preferennal reaction, but they pointed out that this does not
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‘ .-_E‘.‘,: Table 7. Gradual ¢merguace of evidence for VCM-associated pathology Table 7 (cc
"S_'- Year R;fcr:m:e Findings Yeur ;
e R : 1949 Tribuklr et al. Hepatomegaly, more or loss mgrked ‘amicternie 1972
‘i’.\r_, hepatitic”, “chromy zastntis’ hypoeteaann,
£ E anaenua, shin lesions
W ireeds
* 3 1954 Smimeova Toxic angroneurosis
o " L 1957 Filgtova and Gronsberg  Toxic anponeurosis 19m J
k ’ﬁ% 1957 Kubom Symptoms similar to Ray naud’s phenomenon
2+ 1900 Danziyger Two cases of accidental f3tal poisoning by YVCM,
| nonfatal acute overexposure 1973 )
1961 Smirmora Reversible osteolytic lesions of distal phalanges.
Pseudociubbing, thickeming of skin nn volar -
side of forearms. shght haemoly sis and reticulo- 19742 €
cytosis
|
. @b: 1963 Sucwu et al. CNS. prenarcotic symptoms (dizziness. euphoriy,
- > somnolence). nervousness, insoniiia. bluating 41 TheT
% A3 of memory. general asthenia. headache ’ elr
Ld-y Vascular: Raynaud's syndrome
Yz & Dermatol.: pruntus. reversible sclerodermalike A first indi
s skin induration. chemical and allergic dermants % FIESE EREIE
S0 Digest. symptoms. anorexia, nausea. fullness. plant produ
- hepatomegaly without hyperbilirubinazemia. non (‘toxic
A splenomegaly » ' in detail in t
oaé : Endocrine: hypothyroidism personnel w
3 "’3;" 1966  Condier et al. Raynaud's syndrome. sclerodermalike <kin hourly samp
; ¥ changes, acroosteolysis. pseudoctubbing. yont drome was 2
ot pain. uredness, sleep reversal; 2 episodes of (Kubora 19¢
¢ acute overexposure (loss of conwiousness) moregulatior
BT ieg
f. X ‘% 1967 Harris and Adams Avroosteolysis, skin lesions, Raynaud’s phenom- a?: ;?‘ign
FLas y enon. pseudoclubbing, involvemeént of <acroiliac ( _) !
- Pl jownts and patella, hepatomegaly with persistent- durations on
g ) o ly rused serum bilirubin. Skin biopsy .there was en
s ) of red cells, .
i {‘,:'c b 1967 Benoit Arteriography. Skin and bone biopsy evidence of ¢
h !‘."j?.‘§ 1967 Wilson st al. Veccupational acroosteolysis’ with Raynaud's icroosteolysz
2y symptoms. sclerodermalike skin changes. operators) at
’. pseudoclubbing junction witt
X "._f" 1968 Anronyuzhenko Mentions thrombocytopenia ;"‘" found in
i _; 1971 Dinman et al. Prevalence of acroosteolysis and Raynaud's cnon._s to be
3 phenomenon reversible ch:
R vibryton trau
. .g‘iz\ 1971 Dodson er al. Vascular lenions preceding the bone lesions the full range
K .:I_» 1972 Kramer and Mutschler  Increased BSP retention and rawed icterus index cupational au
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VCM intowcation. During a $-vear period, they examined 168 mostly young workers
from two Rumanian PVC-producing plants who had not previously been empioyed in
other industries. [n their classic papet. the authors described in derai) the various cen-
tral nervous, digestive, angioneurotic and cutaneous symptoms listed here in their
order of manifestation). Acroosteolyss, howcver, was not mentioned. Episodes of
acute overexposure (usually occumng at the vnd of a batzh run, during retrieval of
unreacted monomer. or at repair jobs) rapidly resulted in a state of light-headedness
and transient euphona similar to a mild degrez o inebnety 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 during periods of parucularly high ambient congzntrations, workers
repeatedly noticed formication in the lower limbs and a general {eeling of bodily .
warmith. Six subjects had experienced loss of consciousness when repairing leakages,
but recovered rapidly after being carried out into the open air. After a few months of
work, unusual fatigue and sleepiness set in, there were complaints about persistent
somnolence, even outside the work premises, and a tendency to fall asleep at the work
place. particularly during night-shifts. In addition, headache, dizziness, irntability,
blunting of memory. paraesthesias, and general weakness were reparted: some workers
noticed insomnia or sleep reversal. ’

A reappraisal of these nonspecific complaints (see also Fale et al. 1976) 6 years
later, after improvement tn industrial hygiene, revealed that the frequency of their oc-
currence had considerably decreased (Sucw et al. 1975). Following a prolonged penod
of repeated overexposure, vague nonspecific digestive symptoms also devcloped. such
as anorexia with ensuing weight loss, nausea, fullness, upper abdominal discomfort,
bloaung and epigastric pains. Enlargement of the liver was found in §1 workers (307);
1n 67 there was also splenomegaly. Classic Raynaud's phenomenon was found in 6%,
but a tenfold higher percentage of the total work force showed evidence of vasospastic
alterations on plethysmography (Raucher et al., cited by Suciu et al. 1975). Pruritus
of the hands, foreurms and face was an early complaint followed later by what was
theought to be (allergic?) ‘contact dermatitis®; finally. nodular and scleroderma- or
scleroedemadike cutaneous lesions deveioped in some workers, involving the dorsal
surtace of the hands, the volar side of wnsts and forearms and the face, with firm
thickening of subcutaneous tissue or formatiqn of whitish papular or slightly elevated
plaquelike indurauons. 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 245 was recorded, wath retum to nor-
mal after 3 break from work or during holidays.

With the exception of acroosteolysis and the two most alaming late sequelae —
noncirrhone portal hypertension and hepatic angiosarcoma - Sucru's early documen-
taton of the prevalence of disease in PVC production workers encompassed a com-
paratively complete description of the various aspects of chronic VCM intoxicanion.
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.
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4.1.1 Familial and [diopathic Acroosteolysis

Acroasteolysis is a very rare disease. The aeuology and pathogenesis of thus condition
is still obscure. Osteolytic bone changes in late stages of so-called Raynaud's disease
(accompanied by necrosis and gangrene), characteristcally presenting as loss of part or
of an entire distal phalanx of one or more fingers and 3so of toes, have been menuon-
ed in the literature since 192) (Assmann 1921 : Monahan 1926: Borak 1927: Kernblum
1929). Komblum attributed the lytic bone defects to vascular abnormalities and noted
that he had found identical lesions in early stages of scleroderma and in leprosy. The
term acroosteolysis was first introduced by Laroche and Hochfeld (1948), who heid a
neuroendocrine syndrome responsible for the lesions. Independently Harnascl (1949)
reported another case of symmetrical idiopathic acroosteolysis, particularly involving
the terminal phalanges of the fingers with preservation of tufts. progressive clubbing
and shortening, and illdefined svmptoms of disturbed peripheral circulation. By 1952
Gizecei mentioned that 68 cases of the famihal type of acroosteolysis and 33 cases of
the nonfamilial, idiopathic form had been reported in the medical litessture. He added
another five cases. but his case reports pertain almost exclusivety to mutilating proces-
ses involving only the feet, with recurrent ulceration and discharge of bone fragments
(see also Harms |954), 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, arthntis mutilans, progressive systemic sclerosis, ainhum etc.) was considered
in their study and could be rejected with reasonable certainty. In a later review,
Cheney (1963), who added another four cases of the familial type, stated that this
variety and the nanfamilial (diopathic type may acrually belong to the same disease
entity and may be part of a degenerative bone process more generalized than the term
implies. It was the puzzling character and the ranty of this peculiar bone lesion that
captured the attention of site medical personnel and industnal hygienists when in

November 1963 the condxuon was detected in two Belgian autoclave clcancrs (Lefévre
1972).

4.12 Epidemiology of Occupational Acroosteolysis ‘

Attemnpts at assessing the prevalence of OAOL among personne! involved in VCM
manufactiure and polymerizatuon 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) conxidered the fact that only 3% of all workers who had been
engaged in manual cleaning of 2utoclaves at a Belgian plant sufTered from OAQL and
Raynaud's phenomenon to be indicative of the importance of individual factors.
Witton et al. (1967) observed 31 cases among 3000 employees of one large company.
In 1971 Dinman et al. conducted a survey in 32 plants belonging to 19 corporations
throughout the United States and Canada. The details of this elaborate epidemiotogi-
cal study, comprising a total of 5011 employees, illustrates the difTiculties and limita-
tions encountered in & retrospective study of rlus dimension. All of these 5011 workers
had been engaged in vanious stages of VCM and PVC manuractunng. but 1257 of them
were workers who only handled finished PVC polymer. Five of the 32 plants worked
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Occupationdl acroosteolysis is a condiion predominantly observed 1 youngar
workers. The age range was 2035 years and halt of all cases reported fell in the 30-39
vears age2roup. Duration of VCM exposure prior to onset of Raynaud’s phenomenon
ranged from | to 23 months (Dudson et al. 1971). For OAOL the latency penod was
at feast 12 months (Wilsomn et al. 1967):1n most cases. OAOL developed insidiously
within 2 to 4 -6 years. There is at Jeast one patient on record in whom OAOL was first
discovered two years after ternunation of exposure (Benour 1967). Longriudinal stuldies
of the bone lesions demonstrated parual or complete but mostly detectve restitution,
resuiting in shonened and deformed distsl phalanges, wvithin 2=3 vears after removal
from VCM exposure, but Raynaud's phenomenon and cutaneous lesions may persist
(Williams and McLachian 1976). Stein et al. (1973a, b) reported partial heaiing with
restitution of tufts but progressive lynis of the proximal partion of terminal phalanges
3 years after termination of exposure.

Although OAOL developed predominantly in PVC production workers who had at
least for some time been engaged in reactor cleaning, the syndrome has aso been ob-
served in association with other job assignments which were believed to carry a sub-
stanually lower risk of exposure. Trapp et al. (1974) reported a 31.yearold whute male
suffenng from Raynaud’s phenomenon, clubbing of the fingers and typical bilateral
acroosteolysis, in whom specific inquiry revealed that his employment by an industrial
chermucal company had included daily handling of small concentrations of viny! chlo.
nde (no dewails given). Typical OAOL was also observed in a worker after 6 years' em-
ployment as spray dryer/bagger, pre-inix operator, recovery and charging operator who
had never cleaned autoclave vats (Stewarr et al, 1975). According to tounne plant
monitoring of VCM Jevels 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 vear during an
earlier survey of QAOL were normal;in 1972 he presanted with Raynaud’s phenom.
enon, pseudociubbing, typical OAOL and dermal thickening of hands and wrists. Ar-
teriography demonstrated narrowing of most digital arteries, even in fingers without
bone defects. and abnormal collections of small vessgls in the pulps of deformed
finger tips, but no vascular occlusion. .

Apart from the chemical insult by inhalational (rather than transdermal - Détsman
etal. 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 chisslling) was a
decisive factor in the pathogenesis of the condition as had been speculated by Wilson
etal. (1967).

4.1 3 Clinical and Roentgenological Features
4.1.3.1 Occupational Acroosteolysis

In the majority of cases osteolytic lesions are confined to the hands, Involvement of
the feet was observed only rarely in QAQOL. Wilson et al. (1967) believe that OAOL
differs from familial or idiopathic acroosteolysis in several respects. Although the bone
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g . W.K. Leibach and HJ Marstzller

vther body regions were also involved. Erosive and sclerouc changes in the sacro-hac
joints and circumscnbed resorptive defects (corucal erosions) in patella. clavwle, man-
dible. humerus, stvloid process of ulna. femoral condyles, os calcis, cuneiform and
metatarsal banes have repeatedly been obsened (Condicr et al. 1966 . flurric and Adamns
1967. Dodson et al. 197 . Juhe et al. 1974 Lange et al. 19742: Presron er al. 1976:
Javson et al, 1976a. Lange and Veltnan 1977).

+.1.3.2 . Pseudoscleroderma

Concomitant with the manifestauon of paraesthesias, pan, tendermness of the fingers ana
Raynaud's phenomenon, cutaneous lesions similar to stigmata seen in progressive.scle-
roderma develop with thickening of the skin of fingers, hands and forearms, someumes
accompanied by swelling or puffiness and coarsening of the skin of the face {mosily on
the forehead and cheeks). Raised, ivory <oloured, firm nodules or elevated, sharply de-
lineated plaquelike skin indurations are seen on the dorsal surface of fingers and hands
and on the volar side of the wrists and lower forearms. It was this combinauon of Ray-
naud’s phenomenon and cutaneous lesions which first prompted a search for other
symptoms of progressive systemuc sclerosis n affected workers. The syndrome of
OAOL. however, can be clearly distinguished (Table 10). Notably. the diffuse immobil-

Table 10. Differential diagnosis: syndrome of occupational acroosteolvsis { Raynaud's
phenomenon, sclerodermoid skin changes, AOL) / progressive scieroderma with (rare)
osteolviic lesions :

Occupational AOL Propressive scleroderma

Sex ratn Exclusively 4 ¢:0 & §;2

.
3

Hands

Clubbing and shorteming
of finger tips, hyperhidrosis:
no ulcerauon

Atrophy and tapenng off
of fingertips: anhydrosis:
ulcerauve lesions
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0 W.K Letbach and 1), Marsieller
thuse observed in the dermus. The bone matrix per se was barely affected. There was
numimal thinning of conex, normal spongy bone and only mild fibrosis of the bone
marrow.

Expenence with histomorphulugy ut' bone lesions in the rfamilial and idiopathic
tvpe of acroosteclysis 1s himited. 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 ostecid formation were not found (Drpes et al. 1936.
Elson and Bumstcin 1954 Greenberg and Street 1987: Selvarzwader 1957).

In this context, it should be kept in nund that Iolg succeeded in reproducing
dermal, vascular, neural and skeleta] lesions in the skin of the paws and in small meta-
tarsa) bones of expenmental animals which were very similar 1o those obsened in man.
Vipla exposed rats to 30 000 ppm VCM. 4 h/day. § days/week. for 12 months and de-
scribed the histology of these lesions in detail (1970b).

4.1.5 Arteriography, Capillaroscopy, Infrared Thermography

Arteriographic evaluation of the vascular tree of the hands revealed patency of the
large arteries in all cases examined. Tlie vascular lesions were almost invariably con-
fined to the small digital artenies, although the superficial and deep palmar arterial
arch may occasionally show some narrowing and a paucity of side-branches (Lange et
al. 19743, Mondin et al. 1974). The most prominent arieriographic features were -
regulanities and segmental stenosis of digital arteries. ranging from localized or diffuse
narrowing to subtotal or even total occlusion with development of collateral vessels.
Besides. a conspicuous retardation of flow of contrast medium was noted. and peculiar
tortuosities of patent digtal arteries were found. Circumscribed hy pervascularity of
the termunal tufts and in the region of the wrists was noted in some cases (Benoir
1967 Lange et al. 1974a:; Veltman et al. 1975; Presron et al. 1976; Stewarr et al.
1975: Gama and AMeira 1978). Angiographic findings in a larger group of 19 symp- those .
tomatic PVC workers with either Raynaud's phenomenon and/or acroosteolysis (5/19) ' ferent J
were recently described in detail by Koisc/witz et al. (1980). Raynaud’s phenomenon larosce.
had been observed to persist in these patients for prolonged periods after ternunation " controf
of exposure and even after roentgenological evidence of healing of resorptive bone ence in
defects in those who had formerly suffered from acroosteolysis. In addition to vary- PVC w.
ing degrees of stenosis or occlusion of digital arteries with reopening of small collat. of distu
" eral vessels, acral hypervascularity and considerable retardation of perfusion in spite induce..
of premedication with tolazoline (Priscoline. United States). the most conspicuous Asi
features observed in the majority of these patients (14/19) were circumscribed elonga- APV
tions and tortuosities of digrtal arteries resembling cirsoid aneurysms. An example 1s chemic:
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 years after
cessation of VCA exposure (about | year prior to death from both angiosarcoma of pumber
the liver and hepatocellular carcinoma). The pathogenesis of these peculiar vascular empioy
alterations is not clear. but the possibility presents itself that they may be due to de- related .
struction of elastic fibres in the vessel walls in analogy to similar alterations of digital It aiso s
artenes seen in rheumatoid arthritis (Laws et al. 1963, 1967),
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42 WK Lelbach and H ). Marsteller

British workers who were exarruned 6—24 months after 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 considered to be too small. The same tvpe of capiltaroscopic
changes was also observed in three of 4 Polish wotkers (2 reactor cleaners, 2 fitters)
who were found to suffer from Raynaud’s phenomenon after exposure for 2=5 years
(Bycskowska and Langauer-Lewowicka 1974).

Infrared thermography. another non-invasive method, used by R,y et al. (1974)
for the study of acral circulation, revealed abnormalities of surface temperature rang-
ing from marked hypothermia of terminal phalanges (which are normally warmer than
the rest of the fingers) 1o “complete terminal amputation” in four PVC workers suf-
fering from OAOL. In one of them vascular disturbances as evidenced by infrared
thermography persisted in spite of complete healing of OAOL. Stewarr et al. (1975)
demonstrated uneven blood flow in the fingers and patchy hyperthermia in the distal
part of the QAOL-affected left index and middie finger of their atypical case. Local-
ized acral hyperthermia seen on IR thermography corresponded to the angographic
finding of circumscribed abnormal collections of small vessels (compensatory collat-
erais?) in the pulps of the affected fingers. Using IR thermography in a survey involv-
ing 143 PVC production workers and 56 controls, Williams et al. (1977) assessed the
time needed for heat retum after immersion of one hand for 10 3 in a water bath kept
at 19°C: however, no difference between VCM<xposed subjects and controls and be-
tween groups within the exposed population was noted.

4.16 Immunological Studies

Early experience with the sy'ndrome of occupational acroosteolysis suggesied certain
similarities between this disorder and corresponding lesions seen in progressive systeruc
sclerosis (diffuse scleroderma). Differential diagnosis of these two unrelated conditions
is now well established /Table 10). Such similarities stimulated the search for other
manifestations of a sy-.«mic collagen disease. notably immunological features, as pro-
posed by Marin et al. in 1967. Ward et al, (1976a, b) carried out immunological studes
in" 58 workers from a British polymerization plant who were referred to them out o7 a
total past and present work force of 320. Mean duration of exposure to VCM was 39
months (6—75 months). Of these 58 workers, 28 were symptomatic (Ravnaud’s phen-
omenon, 9: scleroderma of hands or feet, 6: OAOL, 2; sensitivity to cold. excessive
fatigue, Iimb pain, paraesthesias). Slight hyperimmunogiobulinaemia, usually IgG, the
presence of mixed cyroglobulins. and in vivo conversion of both €, and C, were
found in 19 patients in the symptomatic group, with additional evidence of reduced
T<ell population and increased B.cell proliferation. Mixed eryoglobulins, in vivo con-
version of complement and depressed values for Cy or C, were taken as cvidence for
the presence of circulating immune complexes. Autoantibody screening Jemonstrated
{ow-titre antinuclear antibodies (IgG 1/20-1/50) in eight of the nine patients with
Raynaud’s phenomenon. Aggregates of IgG, €, , C;, and fibrinogen/fibrin were reveal-
ed by direct immunofluorescence in the lumen of vessels, adherent to vascular endo-
thelium. Aggregates were similarly seen in the media and subintimal regions of small
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44 ; W.K Lelbach and 1), Marseeller
4.1.7 Pathogeneuc Considerations

Rayvnaud’s phenomenon as a premonitory clinical symptom, histomorphology in man
and expenmental animals and angiological expenencs suggest that the common de-
nominator in the pathophysiology of bath skin and bone lesions in chronic VCM in-
toxication 1s probably to be sought in the local impairmant of blood circulation in
penpheral regions, as Benoit pointed out as long ago as 1967. By reason of their vas.
culature. the distal phalanges are the skeletal segments which may be most suscepuble
to impairment of blood supply. particularly to disturbances of micracirculation (Gamg
and Mewra 1978). Yer the answer to the next question, the pathogenesis of penpheral

vascular injury in vinyl chloride diszase, is unknown. It still remains largely 3 matier of

conjecture how a volatile toxic compound that is taken up via inhalation, distributed
throughout the systemic circulation and metabolized (bioactivated) in the liver, can
bring about, apparenty only in a small number of predisposed individuals, after a vari-
able period of latency severe vascular injury and (probably secondary) damage to peri-
pheral ussue. Some conceivable mechanisms are briefly listed in a previous chapter (see
Sect. 3.4.2.2). but no conclusion can be drawn as to their relative significance.

‘4.2 Non-malignant Liver Disease in Vinyl Chioride/Polyviny] Chloride

Production Workers

Long before Raynaud's phenomenon or osteolytic lesions were observed in PVC pro-
duction workers, Tribukh et al. (1949) studied environmental conditions in 3 Russian
plant where polyvinyl chloride resing were produced and compounded, Without going
into detail, the authors pointed out that moderate nontender hepatomegaly was found
in 3 larger porportion of a group of 73 workers (48 males, 25 females) mostly engaged
in PVC compounding: ‘anicteric hepatitis’ was diagnosed in 21 of them (15 &,6 ¥). Al.
though the authors knew about the narcotic action of high concentrations of VCM
(75-250 mg/litre = 30 00098 000 ppm) from the litegature, which they explicitly
mention, and also knew about the release of unreacted monomerifrom the powdery
PVC resins during thermoplastic compounding, they apparently held other volatile
compounds derived from halogenated atomatic hydrocarbons (such as chiorinated
naphthalenes and diphenyls) used as plasticizers responsible for the systemic toxicity.
They urged, however, that strict monitoring of the lieaith 'of these wotkers should be
introduced to prevent the development of severe liver damage, and they suggested the
installation of ventilation faciities of sufficient capacity.

Nonicteric hepatomegaly was again recorded by Suciu et al. (1963) 14 years later
in almost one-third of the total work population (51 of 168 employvees) of two Rum.
anian PVC.producing planty, including 10 cases with additional splenomegaly. Liver
biopsy in two of these workers revealed chronic hepatitis. Studying the prevalence of
temporary disablement due to liver disease arnong 350 employees of the Sverdlovsk
plastics industry, Pushin (1965) found the highest morbidity among employees of the
PVC production unit, compared with other units engaged in the production of non-
PVC plastic materials; 1 70 workers of ancillary industries served as control subjects.
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There is no lougar any doubt that chronic exposure to viny | chlonde monomer can

produce two different types of liver disease 1n man as well as i expenmental animals:

1) Noncirrhone portal hypenension

2) Angiosarcoma of the liver.

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

Noncirrhotic portal hypertension and (often inconspicuous) portal fibrosis are not
pathognomonic. Primary splenic enlargement and gastroocsophageal haemorrhage due
to marked portal nypertension in the absence of, or preceding, the Jevelooment of
cirthosis was first descnbed by Banzi in 1894. As *Banti's syndrome’, this symptom
complex and its aetiology and pathogenesis have continued té be a matter of dabare, '
Under the designation ‘idiopathic’, or *primary, porial hypertension’ the syndrome has
been observed notably in India and other South-East Asian regions (Ramalingasivami
et al. 1962; Imanaga et al. 1962, Basu et al. 1967a, b: Boyver et al. 1967 Sama et al.
1971). It has been seen only sporadically in the Western World (Roussclor 1940: -
Ravenna 1940; Tisdale et al. 1959; Polish et al. 1962: Afitler and Brandr 1962, Siderys
and Vellios 1964 Mikkelsen et al. 1965, fber 1970: Escartin Marin eral. 1974,

Mendenhall et al. 1974 ; Grannis 1975, Villencuve et al. 1976). Jber (1969) estimated
that “centers throughout the world reviewing their experience with portal hyperten-
sion encounter 3 to 5% of patients who do not clearly fit into the category of currhosis
or blockage of the portal vein.”

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

APV B

3) lno;fnnni' arsenicals (Zeegen et al. 1970 Veale and Azzopardi 1971 ; Knolie et al.
1974; Morris et al. 1974 Huer et al. 1975; Villencuve et 8. 1976 Cowlishaw et al.
1979);

b) Hypemvitaminosis A (Muenrter et al. 1971, Russell et al, 1973, 1973, Hruban et
al. 1974, Kisrler et al. 1977):and

¢) Recendy, copper aulphate in Portuguese vineyard workers (Pimenre! and Menezes
1977).
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Anenical preparations (usually prescribed as Fowler's solution ~ potassium
anenite) have in the past been used as a tomuc in neurasthenia, as an adjunct to iron
therapy for anaemia, as antiepileptic drugs and well into the 1950s for the treatment
of psoriasis. In this context, Banti's remark in his original paper (1898) that anaemia
sccompanying primary splenomegaly responded best 1o arsenical preparations is of
note. In 2 renowned German pharmacology textbook of this period (Vot/inggef and
Rossbach 1.880) Fowler's solution is also listed as a traditional antimalanal drug of
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Table 11. 17 PVC workers with advanced portal hypestension i marked vesophagedl
vances, eprodes of upper GI hleeding, splenomegaly)

Vinyl Chilor

exposed for

splenomegal
Age at diagnous Duration of cxposure Perttonevscopic and In conua
R No. (years) {years months) hictolagcal disgnosis ment of heg:
. 5 1 30 : 5 Nanarthotic fibrosas ectms.pna_
ey 2 31 . 9 Noncirrhone fibrous not seen. Eve
pim1 s 3 32 3/e Nonuirr® stic fibrosis phalopathy ¢
ety 4 35 4 Nonuirrhot fibrosis workers only
2§ 53 35 9 Noncirrhouw fibrosis . Itis puzh:
g 6 39 10/6 Noncirrhotic fibrosis . preceded adv.
= 7 39 13/6 Noncirrhotc fibrosis only one case
Py 8 +1 7 Noncirthouc fibrosis devel
DAy 94 41 18 Postnecrotic cirrhosis opment
2 R 104 47 18 ﬁoncirrhonc ::t:rosu
H 11 50 6/6 Noncirrhotic fibrosis
:' "“i 12 .3 17 Noacirrhoue fibrosis 422 Labor:
S 13 &2 15/3 Nencirthouw fibrosis
LE 13 52 i Nonarrhote fibrosis Owing to the
s W g 15 54 6/6 Nonairrhotie fibrosis not the targer
s £ :f H gg .l-'; P\,"“"F‘."’“F ?g’"’?" value for the .
Mo 1 E ~oncirrhotic fibrosts . .
it _’,fg This makes it
N 2 On follow-up patients 5.9, 10, 16 and 17 subsequently Jeveloped angiotarcoma of 1974; Creech
o134 the hver and died 36 years after diagnosis of portal hypertension. Patients 6 and thrombocyto;
e 14 are at present (1 981) under observation for suspected development of angio- logical bioche
_,g sarcoma of the liver, 6 and 11 years after peritoneoscopic diagnosis of pastal G- the levels of .
:t" i brosis quent (Marstc
. TeRH (1CG:0.5 an
5 E liver function
B ; associated portal hypertension, Smith et al. (1976a) observed later development of ) workersof 3.
PP angiosarcoma in one of them. If a rough estimate based on these two small senes were (Tamburro et
Qs acceptable, it would appear that approximately one of five to seven individuals suffer. progressively
Ny 2 ing from advanced VCM-induced portal hypertension might be expected tu develop of abnormal &
=3 ““3} - -angiosarcoma later. although PV(induced hepatic {ibrosis per s¢ is probably not a pre- , there was gver
i malignant lesion. : ) phosphatase |
oy s alkaline phosp
%) :.‘. . . . . megaly andyc-
L 4.2.1 Clinical Manifestations of Non-malignant Liver Disease Except for
3 {? C ‘ , and Veltnan
'_ _;%; Physical examination is usually disappointing. In the more advanced stages of VCM. the reticulocy
B induced nonmalignant liver disease, palpable splenomegaly and a slightly to moderate- parameters us'
4 ,-‘f' ly enlarged liver may be the only physical signs. On palpation, we found hepatomegaly presenting fear
M in 31 and splenomegaly in 16 of 50 selected PVC production wotkers who had been sion (Smith o3
5 *}‘} heavily exposed in the past (Marseeller et al. 19753). Lilis et al. (1975) reported hepa- . be dealt with -
s n2 tomegaly in 15% and splenomegaly in 3 4% of 354 consecutively examined employees Assessmen;
& (267 currently employed, 87 former workers) of one PVC polymerization plant in matic workers
2 New York State, USA, a number which included virtually the entire current produc. facture of PV(
: tion work force. A significantly higher prevalence of hepatomegaly was found in those coproporphyni.
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these findings as an indication of toxuc liver damage is not clear and the relation to
previous exposure to YCM remains to be determined.

423 Gross Inspection of the Liver and Spieen

The gross appeanance of the liver, as assessed by pentoneoscopy (Marstellcr et al.
19753, b: Marsteller and Lelbach 1977; Lelbach and Marstelier 1977 ) or at exploratory
laparotomy, is that of a normalsized or slighuly to moderately enlarged organ with
often blunted and irregular anterior edge. Inspection of the liver at peritoneoscopy also
permruts exclusion of partial nodular transformation as described by Sherlock et al.
(1966). In most cases, the surface of the liver is smooth or slightly uneven with shallow
indentations, but it may be finely granular, trabeculated or have a peau d'orange-ike
appearance. At most, there are micronodular changes but the diffuse coarse nodulanty
of cirrthosis is only rarely seen. Progression to frank cirrhosis with severe derangement
of hepatic lobular archirecture was observed by Snurh and Williams (1974), and also

in two of our recent cases in combination with development of angiosarcoma.

On palpation (direct or by pentoneoscopic probe), the texture of the liver is normal
or only slighdy 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
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may be recognized only in connective tissue stains. Trichc et al. (1975) pointed out
that in one worker with severe acroosteolysis but normal hepatic function and essen.
tally normal liver histology on light microscopy (except for a minimal and easily over-
looked increase of perisinusoidal collagen in vccanonal lobules), electron microscopy
revealed a striking centrilobular increase in collagen between hepatocites and  Disses
spaces together with proliferation and hyperplasia of sinusoidal lining c2lls (ses also
Kurokawa et al. 1977). The same ultrastructura! deposition of perisinusmdal collagen
was observed by Schzttenderg et al (1977) in 15 PVC workers in whom we could ob-
tain liver tissue for electron microscopy at peritoneoscopy. Similar changes (enfarge-
ment of Kupffer cells, abundant depaosits of collagen in the Disse’s space and resulting
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 hyperiension of unknown aetiology (occupational histories
not mentioned) (Summerschild and Kluge 1971 ; 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-
morphism and hyperchromasia are the most impressive features of the mesenchymal
lesion. The hyperchromatic nuclei of these cells may show a bizarre shape or resemble
short pegs, and are often arranged in a chainlike fashion (Gedigk et al. 1975). These
pensinusoidal and sinusoidal cells include three types: (1) normal endothelial cells,
(2) lipocytes (Ito cells), considered to be precursors of fibroblasts and (3) plump cells
with spindle shaped nuclei and PAS-positive cytoplasm. Formation of excess reticulin
suggests fibroblastic activity of some of these cells. Focal dilatation of sinusoids. not
explained by passive congestion, is another peculiar feature usually assdciated 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 Heparocyres

Unimpressive, nonspecific, degenerative and adaptive lesions (such as minor degrees of
fatty degenenation, cloudy swelling, ballooning or vacuolar degeneration, increase of
lipofuscin pigment and proliferation of smooth endoplasmatic reticulum of hepato-
cytes in focal areas without inflammatory reactions), can be seen to disappear gradual.
ly with incressing intervals between the last exposure and the date of biopsy. in con-
trast to the apparently irteversible damnage 10 mesenchvmal structures (Gedigh et al.
1975, 1977, Muller ex al. 1975). In poorly demarcated areas there is hyperplasia and
hypertrophy of heratocytes with polyploidy and increased number of binucleated
cells. Two types of focal hepatoeytic proliferation associated with varying degrees of
sinusoidal cell alterations were recenty described and are thought to play some as yet
undefined role in the precursor stage of angiosarcoma (Popper et al. 1978).

+4.2.4.4 Histology of the Spleen

Unless splenéctomy is carried out in vinyl chloride disease. tissue specimens of the
spleen are less easily obtainable than liver biopsy material. Popper and TTiomas (1975)
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portal tlow is obstructed at the sinusoidal or presinusoidal level, In a group of five PV'C
workers selected for harmodynamic studies, Blendis et al. (1978) could not demon.
strare a direct relationship between the dezree of hepatic fibrosis in needle biopsy spog-
imens and portal hypertension. But it should be kept in mind that the distribution of
fibrosis in these workers is quite irregular. It has also been suggested by Pspper and
Thomas (1975) and Thomas et al. (1975) that the increased splenic and hepatic blood
flow as a result of decreased splenic resisiance in splenomegaly cannot properly be ac.
comodated in the hepatic portal vein bed owing to impairment of acupuve distension
of portal veins and sinusoids by the subcapsular, portal and perisinusoidal fibrosis.
Blendis et al. (1975) found no correlation between spleen or estimated liver blood

Fig. 6a. b, Progression of noncirrhotic portal hypertension despite termination of ex-
posure. Oesophagea!l varices. (Autoclave cleaner, age 3t diagnosis: 35 years. VCMex-
posure, 19621972, 1972 Rayaaud's phenomenon, sklerodermoid skin induranuons,
thrombocytopenia. splenomegaly, and grade | oesophageal vances. Gradual progression
of portal hypertension. Sudden death from ruptured anaplastic angrosarcoma of the

liver in June 1978, Histologivally oaly mild perisinuseidal ibrosis in nontumorous
areas)
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of the literature . Alrenga (1975) listed 165 published cases of primary angiosarcoma

tion of
of the liver in adults. In the six autopsy serics callected by Alrcuga. ASL consttuted inorgar
only 1.8% (0.9%=2.7%) of all primary malignant tumours of the liver, which of them. dioxide
selves are rare findings in the Westen World. Autopsy statistics show that the incidence tem an
of ASL ranged from 2 to 20/100 000 autopsies dunng different periods with a mean ‘ . Tho
incidence of 12/100 000 autopsies (Table 12). According to Hearit et al. (1973) 11 was _ contras
estimated that in the United States the expected annual incidence of ASL1s 001410 ing evid
-100 000 inhabitants or 2530 cases per year for the enare United States. reporte.
been th,
. had bee
Table 12. Incidence of anpiosarcoma of the liver (ASL) in autopsy scries. and Mo.
y Observation 'No.of  No.of cases :‘::;1‘
Authors ear  period sutopsies of ASL Region thorotr
Simpson et al, 1953 19141953 24196 | Mavo Clinic. fromal
Rochester, Minn.. ASL (R
UsSaA ) Dev:
Edmondson 1958  1918-1954 52000 1 Los Angeies. man vin
County Hosp.. USA tensively
1950-1
MacSweenetal. 1973  1900-1969 =3 k Western Infirmary tion reve
(:ilauow. U.K. of multi:
Alrenga 1975 1951-1973 39700 6 " Cook County Hosp. - approve
Chicsgo. USA occurred
*" butnota
Remm and Huth 1978 1954-1974 30079 4{6)%  Diwscldorf. Fed.Rep.‘ produce.
Germany Haustrw
Byrénand 1975 1958-1969 - 12 Sweden (3%-5::
Hoimberg (adult cases) Roth (1€
. 186-(..
Daiderup etal. 1976 19601975 Atleast Netherlands . : Fowler’
40000 . {populanon. ’ . © Chow
10~ 14 million) hsemang
3 Among 120 cases of primary malignant liver tumours studied post mortem dunng tension h
this 70-year period. . ’ : . wOman
b Among 8 million inhabitants. ride) dun
€ 4 Angiosarcomss, | haemangioendothelioma, | maligpnant haemangiopencytoma had 2 higi
manifesta
. The p:
Accordingly, the identification of 4 cases of ASL amaong approximately 270 em- be elicite:
ployees of the vinyl chloride polymerization section at a B.F. Goodrich plant near period 18
Louisville, Kentucky, between September 1967 and Decemnber 1973 was duly recog- history oi
nized 23 2n alarming situation indicative of a serious new occupational hazard (Creech Among m
et al. 1974a: Creech and Jo/inson 1974). observed -
Until 1974, only two carcinogenic agents were known to be associated with the other han
development of ASL in man, i.2. the administrauon of a radioactive collowdal pregara- 391 aut;
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Table 13. Personal data of 68 palyviny! chluride production workers with ansiosareoma Tabic

ot the Iner reported 10 NJOSH up to Nugust 1975 (Spirtas and Kamnsk: 19731 —
Dats of Total
3 Birth date death Age at yedar Job No.
No  Counin (m/d/ )b tmydiy) death exp. T clasatication® —_—

ol

By 0

—

J2.13 06.29.76 63 17 1.2

4
E
()
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3 3 CND(2) 030614 1221.87 43 14 - 239213 &
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§ CNDid) 04.05.19 012168 48 22 1.2.5.14 46
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6 ) ' W K. Lelbach and H.J. Marsteller
a population of 130 000. One of the four had a history of occupational exposure to
polyvinyl acetate, whuch 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 deliberations must await further invesugation
for confirmation. :
Death ceruficates for the periods 1963—1973 in England and Wales and 19651973
in Scotland recorded 41 cases of ASL (19 cases per year: mean: 3 cases per year). An
. unexplained peak was observed in 1968/1969 (Baxser and Fox 1975). Six additional
cases not mentioned on the death certificates were detected by a panel of specialists
(Baxter et al. 1977). In reassessing 36 of these 47 patients for whom histological sec-
tions were available, the panel of histopathologists unanimously agreed on the diagno-
sis in only 14 cases (7 doubtful, 3 unclassifiable, 12 non.ASL). For 12 of these 14
cases occupational and residential histories were obtained which revealed one un-
doubtedly VCM-induced case. two cases with possible exposure to (Jow levels of?)
VCM and one case attributable to thorium dioxide.

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

R. Kamunski and R. Sprrias. NIOSH. Cincinnati, USA — we attempted to trace these
cases and their individual symptomatology as well as other relevant information pub-
hshed in the literature up to 1979 (see Tables 13-18). The ten Canadian cases of
VCM-induced ASL (cases 2=11) are dealt with summarily in the papers published by
Delorme (1978a) and Delorme and Mekk (1975); seven of them were described in
more detail by Makk et al.(1976). Cases 19 and 23 were observed at our clinic in . onn
‘but details have only been published for case 19 (E.U. in Lefbaci: and Marstcller 1977).
In reviewing the literature we could not trace cases 37—20, 43, 50, 51, 5367 and
C.F and H. According 10 the latest annual report of the Staatlicher Gewerbearzt,
Disseldorf (Remnl et al. 1978), the number of deaths from VCM-induced ASL in the
Federal Republic of Germany had increased to 16 by the end of 1978, to which we

" now add a 17th case (Figs. 8 and 9).

In retrospect. it was discovered that the first case of VCM-induced ASL had already
occurred in 1955 in a Canadian polymenzauon worker. For the 67 VCM polymeniza-
. tion workers for whom details were available, total years of exposure ranged from 4 to
31 years (mean and median 18 and 19 years, respecuvely). In comparison, mean dura-
tion of exposure in our group of 17 indivnduals with advanced nonmalignant liver dis.

gase (see Table 11)was 10 3/4 years (range: 3 1/2=21 years). The latency period
(years from first exposure to diagnosis of ASL) ranged from 9 to 38 years (mean and
median: 21 years). The average age at disagnoss of ASL was 50 years (range: 37-71

years).
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Table 14. Clinkesl snd morphological data  a &8 polyvinyt chloride (PVC) production workers with sngiosarcoma of the hiver reported

1o NIOSH by August 1978
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Table 14 (conlinucd)
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Table 14 (continued)
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Table 15. Publications on the 68 cases of anposarcoma of the liver listed in Tables |3
and 14 '

No References Additonal relevant information

!
B
<
L i g
b Al
¥
“r
<

—~ OO O s W

—
[P

L)

14

15

17

18
19

20

2

22

23
24
25

26

%

Nt

Hublet et al. (1977)

Delorme and Makk
11975

Makk et al. (1976)
Delorme (1978a, b)
Delorme and
Thénauir (1978)

Schmidt and Bétorg
({1976)

Lange et al. (1974b)
Gedigk e1al. (1975)
Gokel er J]. (1976)

Amann(197%5)
Riibsamen (1976)

Remnl et al (1976)
(Observed in Bonn)
Reinl et al. (1976)
Remnletal. (197
Reinletal (1977)
(Observed in Bonn)
Ravier et a), (1975)
Roche et al. (1978)

Rery et 2. (1976)

Hypertrophic. hyperchromatc and any picdl endothe-
lial cells in the glomeruii; foci ot haematopoctic cells
in hiver and spleen

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

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

At the same plunt: 4 cases of VOManduced cirrhosis
of the Liver plus | case of cirrhosts and §=neralized
reticulosarcoma and 4 cases of carcinoma of the Gl
tract or lungs

See also Reinl and Weber (1973)
See 3iso Reinl and Weber (1974)

Foci of haematopoesis within the tumour Jreas

1974 portocaval anastomosis: cholecyetectomy.
Hypertrophic. hyperchromatic and markedly atypical
endothelial cells in the ‘I?mtruli and-in the capillanes

of the lungs
\

]

Moderate hépauc siderosis: chronic fibrosing pancrea-
fing: tubular and intersuuial fibrosis of the resres

Focal interstitial {ibrosis of the pancreas

See also Berrod et al. (1978)

1942 gastrectomy. 1974 splenectomy. right hepatic
lobectomy (640 g). See also Roche (1977); Puech et

al.(1977).Bonrneton et 3l. (1975 1977), Berrod et
8l.(1978)

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

Vinyi Chir

Table 15¢.
No. Ret
:7 R
=8 R
29 Ro:
30
g; Ber
1
34 Le
35 Sm.
k13 Ae:
k¥ -
3 -
39 -
4_0 -
il 8y.
42 Byr.
43 -
44 an
{ca~
45 Blo
(ca-.
36 Bic:.
{ca
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Table 13 (cOntinued)

No.  References Additional relevant information

47 Block (1974)

Scealso Falk eval. (1973a) icase 23 Makk et a1,
(case 1)

(1976) fcase 4)

48

Block (1974)
(case 5)

See also Falk et al. (19733) tuase 1) Mukk et al
11976) (case 2)

49 Block (1974)

Sec also Falk et al 119744} tease 6V Whelan ¢1 a1,

{case 6) (1976) (case 4): Makk et al. 1 1976) (case 14
50 - '
51 -

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

$3-67 =

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

68

Zoricaetal . (1975)

Among a work force of 1801120, PVC polymenza-
tion: 60, production of VOM) employed at this plant,
15 died of malignant disease 12 ASL. § bronchogenic
carcinomas. | case each of carcinoma of the larynx,

rib, mamma. spermatic cord: ghioma, melanosarcoma.
leuksermia, Hodekin's disease)

First exposure to VCM for these 67 cases of ASL dated back to the period 1935
1966 (median: 1951). Twenty-one years later, i.e. from 1972 onwards, a gradual in-
creas? in the number of new cases diagnosed and reported to NIOSH can be observed ;
(Fig. 7). The onse: of this gradual increase coincides with the calculated mean latency .
peric " of 21 years (Spirras and Karminski 1977). Spircas and Kaminski also suggested
that 'n 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 Tabie 13—18 it can be.seen that in abour two-thirds of the
cases of ASL for which morphologcal details are 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 approxymately half the published cases. 1t is of note
that acroosteolysis and cutaneous stigmata of scleroderma have been observed in only
1 of these 76 patients, 2 French PVC worker who had apparenty not been engaged
in reactor cleaning (case 29; Roche et al. 1978). Another noteworthy piece of informa-
tion is that strikingly arypical endothelial cells with hypertrophic and hyperchromatic
suclei have also been found in organs other than the liver (kidneys, lungs) in autopsy
material from two patients (cases | and 17, Hublet et al. 1977; Ribsamen 1976).
Hublet et al. (1977) also found such cells in the myocardium and in the adipos¢ tissue
enveloping the adrenals. All this may lend support to the idea that the effect of VCM
metabolites is not restricted to the vascular endothelium of the liver and spicen. Angio-
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Table 17, Clinical and worphidogical data on eight caswes of anginsarcoma ol the liver among VOM- xposed pen aact not employed in "o
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74 W.K. Lelbach and H.) Marsteller

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

CUMULATIVE
Nt OF CASES
REPORTED TO MIOSH
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Fig. 7. Cumuﬁn‘n number of cases of ASL among PVC production workers reported
to NIOSH up to August 1978, arranged according 1o year of diagnoss (data from
Spirtas and Kemnski 1977, 1978)

43.2 Clinical Manifestations

The clinical symptomatology of usually multicentric ASL is unspecific. Gradually de-
clning general health and loss of weight combined with ill-<d¢fined upper abdominal
discomfort and slight epigastric or right upper quadrant pain are usually the first
symptoms, Recurrent bleedings ftom oesophageal varices may have been antecedent
svent in patients with portal hypertension who otherwise felt fairly well. In a number
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vances dunng the following years with repeated episodes of bleeding which required
(successiul) sclerosing therapy (major surgery was declined by the pauent). [n August
1979 he presented again with recurrent epistaxis and slight but permanent epigastric
and upper right quadrant pan, but declared that he lelt otherwise fairly well. He com-
plained about a sharp localized epigastric pain on sneezing. There was marked spleno-
megaly, and an ili-defined hard mass was palpable in the epigastrium. Apant from mod-
erate elevation of alkaline phosphatase and borderline hyperbilirubinaemua, biochem-
istry was normal. Computer tomography showed a farge irregular hypodense tumour
mass in the liver, involving both right and left iobes (Fig. 8). whizh became practically
isodense after intravenous injection of contrast medium. A liver scan corroborated the
tumour defect. Shonly after this there was mounting evidence of brain involvement
‘and rapid deterioration. Computer tomography now revealed muitiple brain metastases
(Fig. 9). Autopsy confirmed the tentative diagnosis of metastasizing angiosarcoma of
the liver (Fig. 10).
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Fig. 9. Computer tomography showing muitipie brain metastases of angicsarcoma of
the liver. See text, Courtesy of Professor Thum, Department of Radiology, University
of Bonn .
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433 Peritoneoscopy

dddd

Little information is available in the literature concerning the peritoneoscopic aspect
of VCM-induced ASL (Roche et al. 1978). It may be impossible to make a diagnosis of
the initial phase of ASL in VCM-exposed workers by peritoneoscopy and needle biop-
sy of the liver, as documented in one of our patients who died of multicentric ASL
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11 months after peritoneoscopic diagnosis of severe hepatic fibrosis (case 19: see also
Lelbach and Marsteller 1977). In addition to the findings described in connection wath
hepatc fibrosis, there may be hypervascularized or cyjtic tumour formation visiblz on
the surface of a nodular, quasi-cirthotic liver, or 3 gross aspect resembling hepatic me-
tastases if the vascular malignancy involves the superficial regions of the liver. It should
be stressed here that needle biopsy is absolutely contraindicated if there is any suspi-
cion of ASL.

434 Gross and Histological Morphology

The liver is usually markedly enlarged. Liver weight in cases of ASL ranged from 1607 10
7300 g (Thomas and Popper 1975 Roclte et al. 1978). The gross appearance of ango-
sarcoma of the live. is mostly that of large bulky. irregularly shaped cystc tumour
masses; a multinodular form with numerous, sometimes umbilicated nodules, is less
often encountered. Extensive haemorrhagic and necrotic areas or solid and spongy por-
tions of tumour tissue replace much of the liver parenchyma. Rupture of large cavern.
ous cysts may cause fatal intraperitoneal haemorrhage.

Thomas et al. (1975) and Thomas and Popper (1575) distinguished four basic devel.
opmental patterns of histomorphology of ASL, which can be found in different por-
tions even of the same tumour and appear to represent stages of progressive evolution:
sinusoidal, papillary, cavernous and anaplastic patterns. Indistinct areas of transition
and merging of patterns can be observed. .

Dilated sinusoidal spaces lined by hypertrophic and hyperplastic sarcoma cells with
pleomorphic, elongated, hypejchromatic and often bizarre nuclei charactetize the
sinusoidal pattemn, which is the most frequent type. Tumour cells of varying differen-
tiation envelop liver cell plates and may invade enlarged and fibrosed portal tracts, ac-
companied by proliferation of bile ductules (Fig. 11). In papillary angiosarcoma atro-
phy of liver cells results in larger and more irregular blood-filled vaszular spaces, into
which loose papillary strands of surviving hepatic cords on an axis of connective tissue
project, lined by sarcomatous cells (Weinbren 1976). Even larger blood-filled spaces
are seen in the cavemous ty pe, where they may be surrounded by thick fibrotic walls.
In a smaller percentage of cases, solid areas or nodules of anaplastic sarcoma are found,
resembling solid spindiecell sarcoma, or even suggesting an epithelial type of tumour.
Gedigk et al. (1975) also observed a reticulosarcomalike pattem. The differenuation of
the tumour cells varies widely: it ranges from the inconspicuous endothelial lining cell
type to irregularly shaped, grossly distorted giant<ell forms. Morphologcally, vinyl
chloriderelated ASL cannot be distinguished from ASL associated with other aeuol-
ogical factors or from the cryptogenic type (Popper et al. 1978).

In rumour-free portions of livers with angiosarcoma widely varying degrees of ex-
cess formation of fibrous connective tissue are usually observed, analogous to that seen
in nontumorous livers of heavily exposed persons. Fibrosis of enlarged portal tracts
with modest prolifecation of bile ductules, mostly only scanty infiltration of lympho-
cvtes and occasional formation of perilobular septa ot thin connective-tssue sep1a 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
collagen or reticulin fibres. As a rule, irregular focal or nodular fibrotic thickening of
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11 months after peritoneoscopic diagnosis of severe hepatic fibrosis (case 19:see also
Lelbach and Marsteller 1977). In addition to the findings described in connection with
hepauc fibrosis, there may be hypervasculanzed or cystic tumour formation visiblz on
the surface of a nodular, quasicirrhotic liver, or 3 gross aspect resembling hepatic me-
tastases if the vascular malignancy involves the superficial regions of the liver. It should
be strassed here that needle biopsy is absolutely contraindicated if there is any suspi-
gion of ASL.

434 Gross and Histological Morphology

The liver is usually markedly enlarged. Liver weight in cases of ASL ranged from 1607 to
7300 g (Thomas and Popper 1975;Roche et al. 1978). The gross appearance of angio-
sarcoma of the live. is mostly that of large bulky, irregularly shaped cvstc tumour
masses: 2 multinodular form with numerous, sometimes umbilicated nodules, is less
often encountered. Extensive haemorrhagic and necrotic areas ot solid and spongy por-
tions of tumour tissue replace much of the livet parenchyma. Rupture of large cavern-
ous cysts may cause fatal intraperitoneal haemorrhage.

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

Dilated sinusoidal spaces lined by hypertrophic and hyperplastic sarcoma cells with
pleomorphic, elongated, hypeschromatic and often bizarre nuclei characterize the
sinusoidal pattem, which is the most {requent type. Tumour cells of varying differen-
tiation envelop liver cell plates and mayv invade enlarged and fibrosed portal tracts, ac-
companied by proliferation of bile ductules (Fig. 11). In papiflary anpiosarcoma atro-
phy of liver cells results in larger and more irregular blood-filled vascular spaces, into
which loose papillary strands of surviving hepatic cords on an axis of connective tissue
project, lined by sarcomatous cells (Weindren 1976). Even larger blood-filled spaces
are seen in the cavemous type, where they may be surrounded by thick fibrouc walls.
In a smaller percentage "of cases, solid areas or nodules of anaplastic satcoma are found,
resemnbling solid spindlecell 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 {rom the inconspicuous endothelial lining cell
type to irregularly shaped, grossly distorted giantcell forms. Morphologically, vinyl
chloride related ASL cannot be distinguished from ASL associated with other aeuol.
ogical factors or from the cryptogenic type (Popper et al. 1978).

In 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 infiltcation of lympho-
cytes and occasional formation of perilobular septa or thin connective-tissue septa ex-
tending into the lobular parenchyma can be found. A more or less conspicuous intra-
lobular, perisinusoida! fibrosis is often detected only by special staining methods for
collagen or reticulin fidres. As a rule, irregular focal or nodular fibrotic thickening of

oy eI

TR

orc
lifer
oid.

plas

inct
reti.

cyte
dep.
retic




.""!ﬁ'a Y,

LLdals DL 14

ol all

ioal

P

)

G G N e A AF g

) 14 i
AT o A A am P Ao

il ety
R R e
4 Ak o Eiae

]
.
El r

Li$

P . I T T .

.30 W.K. Letbach and H). Mansteller

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

435 Therapy

The multicentric development of ASL (TTomas and Popper 1975) as well as the dif-
fuse spread of the tumour usually encountered by the time of diagnosis precludes ef.
fective surgical or radiation therapy in the majority of cases. A survival period of two
years after surgery (Berrod et al. 1978) or chemotherapy (Dannaher et al. 1979) is a
rare exception. Results of systemic chemotherapy studied in a small group of five pa.
tients showed that, at best, quality and duration of survival may improve to a very
limited extent (Dannaher 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 from 1961
to May 1974, arnong an estimated total population of VCM polvmerization workers of
roughly 20 000. a risk ratio (ratio of observed to expected cases) for this population of
at least 400:1 was calculated (Mearh et al. 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 polymse:-zation workers within a 10-year period. Dose-response and attendant
biotransformat :a data on experimental animals have since been used to elaborate sev.
eral different models of extrapolation 1o 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 3 person exposed (Sc/inciderman et al.
1975 Geliring et al. 1979, 1978: Woods 1979). Geliring et al. (1979) consider 3 probit
percent model to be a reliable too] for risk prediction, which works without the assump-
tion of a threshold, They predicted a cancer risk of 1.5 cases of ASL in 100 000 000
workers on exposure 1o the current National Standard in the United States of | ppm
VCM 8 h/day, 5§ days/week, for a 35-vear working life, an incidence which does not
significantly deviate from the spontaneous incidence rate. A linear model modified by
adjustmenc for differences in the rate of inhalation, distribution, metabolism, cell
proliferation and tumour latency times between rats and humans was descnbed by
Woods (1979). This mode] arrives at an incidence of 3.9 cases per 100 000 000 workers
after a lifetime exposure to 1 ppm. Much conuoversy. however, about the validity of
risk extrapolation from animal experinients to man and from high- 10 low-level expo-
sure and the problem of threshold dosces has been voiced (Maugh 1978 Hooper et al.
1979 Schneilecrman 1979 Weigert 1979 Reitz et al. 1979).
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%ﬂ- : through 1974: (3) 7021 workers engaged in the production of VCM and PVC; (b) b
ot 4910 chemical workers (rom the same plants not exposed to VCM: and (c) 4007 B
\ Jﬂ"'!?{-. workers engaged in PVC manufacture. Not included were non-German workers of ti
PSR T i Mediterranean origin. Thus German study permits cumparison not only with the moy- ce
- :;.-“,..;: - tality ratio of the total male population but also with a comparable occupational ) or
.7.{;"—'-"‘-;_"': riem ' group exposed to VOM. With regard (o the “healthy worker effect® (McMichael eval. - wt
'x‘,',? o '{;{ =<3 1975), overall mortality was elevated for the VCM-exposed populstion (group 2}, but ol
-',‘f:"‘ ey not for the other chemical workers (group b). Apart from the markedly elevated stan- th
”""g,‘ﬁ}? ‘ dardized mortality ratio (SMR) for malignant liver tumours (1523), which proved to de
“i’a A y i have been closely related to the duration of exposure, a significantly elevated SMR was Pt
""éh-';}}’m: ' found for tumours of the lymphatic and haematopoetic system (214). The group of oL
. "_v;;..-,;'\: ! chemical workers not exposed to VCM (b) also showed a significant elevation of the fa
. ,_{;:E‘.}H,_ ! SMR for liver tumours (401), a result that desesves further investigation. No sigrufi- b.
"ﬂgm sl D cantly increased risk was found concerning tumours of the central nervous system ur
4 ] or the respiratory tract. hs
) It has already been mentioned (Sect. 2.2.10) that an excess mortality from brain re:
; tumours (SMR 535) was recorded among PVC workers engaged in manulacture at one 1.
' of two plants: in the second plant an elevated SMR (434) for liver tumours was found. (2]
At present, there is no explanation [or the increased SMR for accidents found in the )
VCMexposed population, particularly during the period 1970 through 1974, about of
40z of deaths having occurred in ex-PV'C workers. A recalculation of the available data in
would have been neczssary for the evaluation of a conceivable influence of VCM on al.
vigilance. - LA
As an sddendum it may be noted that determination of plasma carcinoembryonic !
antigen titre (CEA) in 200 Canadian PVC production workers (mean duratnon of em- Xy
ployment: 10 years) showed a more than threcfold higher frequency of levels above
10 ng/ml than in a normal healthy population (1.7% vs. 0.5%) (Page et al. 1976).
Levels of CEA were also determined in 1363 workers of five different VCM polymen- Ts
zation (3) and PVC processing (extrusion) plants (2) in the United States (A nderson &1 *
al. 1978). After removal of possible confusing factors (smoking, alcohol intake. past
medical history), it emerged that the distribution of CEA titres among the polymeriza- Gre

tion workers was significantly different from that in the extrusion plant group and 1n ——

3 nonexposed reference group. Significant differences were also found for two of six A

job categones examined (polymenzanon and maintenance) compared with extrusion B

workers and the reference group. However, the usefulness of the CEA titre as a predic- o

tive indicator of possible increased risk seems doubtful. b
: a

44 Miscellaneous Aspects

44.0 Thrombocytopenia and Platelet Function Tests :::‘
Thrombocytoper;ia in chronic VCM intoxication was first mentioned - rather paren- :’:" ¢
thetically and without further comment — in & paper published by Antonyuzhenko in F'_"‘_
1968, Later Jihe et al. (1973) noticed that each of the first 13 autoclave cleaners re- b
ferred to them during 1972 from a West German piant because of suspected skin and The
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platelet spreading), enhanced response (platelet aggregation) to addition of ADP and
collagen ( Bom test) and increased availubdity of phospholipid<ontaining platelet fac-
tor 3 (Bachner et al. 19752). Thus pattern was thought to be compatible with the no-
tion of an increased tumover rate duc to derangement of microcireulation (CDIC) in
liver and spleen and defective reticuloendothelial systein (RES) clearance of acuvated
clotting factors (Bachiner et al. 1974b). Ward (1976) and Ward et al. (1976) suggested
that thrombocytopena could be construed as confirmatory evidence of an immune
complex disorder. Heusermann and Swurre (19773) noted unuaual focal aggregation of
platelets in Klatsch preparations of spleen tissue and increased plateler pouling (plate-
-lets trapped within the subsinusoidal meshwork of pulp cords) in the red pulp of the
spleen on electron microscopy as well as phagocytosis of thrombocytes by sinusoidal
macrophages. Scliaffncr et al. (1976) found platelet thrombi in and around hepauc
sinusoids in mice after exposure to VCM. A direct toxic action of VCM (or metabo-
lites) on the bone marrow has not been demonstrated so far.

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

44.2 Central and Peripheral Nervous System '

Miscellaneous nonspecific and somewhat indefinire symptoms have been described in
connection with chronic inhalational exposure to VCM in PVC-production workers,
such as dizziness, disorientation, bluming of vision and memory, headache, irmitability,
excessive fatigue and somnolence, sleep reversal or insomnia and other pseudoneutr-
asthenic symptoms (Sucas et al. 1963, 1975 Schorrek 1959 Lilis et al. 1975 and
others). This prenarcotic syndrome was interpreted as a manifestation of 3 potentially
reversible acute toxic encephalopathy. Its danger to the individual was thought to he
mainly in resultant inadequate reactions to critical situations (Schorrck 1969). How-
ever, Vale et al, (1976) reported that several individuals in a group of 95 comparatjvely
young ex-workers. the majority of whom had no other symptoms, complained of fa-
tigue, headache, listlessness and depression, with onset of symptoms having been de.
fzyed as long as 2 years after cessation of employment. :

With reference to such ‘pseudoneurasthenic complaints’, which may be interpreted
as the mildest degree of a toxic encephalopathy, Perun et al. (1975) examined a group
of 21 autoclave cleaners at varying intervals after cessation of exposure, all of whom
presented with other (cutaneous, angioneurotic, hepatic) manifestations of viny! chla-
ride disease. Clinical symptoms of 3 more or less distinct encephalopathy (including
cerebellar ataxia in 4) were found in all but one of them, EEG recordings were normal
in only five of these patients; in the others, parenthythmia, dysenthythmiz or a so-
called subvigil electroencephalogram was observed. Evidence of distal polyneuropathy,
found in 19 patients, was attributed in the first place to an abnormal peripheral cirzu-
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1969; Szende et al. 1970 Vertkin and Mamonrov 1970: Frongia et al. 1974 Derke
1976 Arnaud et al. 1978). Considerable exposure to VPC dust is the rulc in the drving.
bagging and storage areas of PVC-producing plants. Photographs contained in Aursrodr’s
paper (1976) give a general idea of the potennal dust exposure. Measurements of ths
concentration of PVC dust at various sites of the bagging operations were reporied as
long ago as 1955 by Parmeggiani and Sassi. In 1969 Broussard mentioned the possibil.
ity of development of chronic bronchitis caused by the inhalation of PVC dust. The
insoluble and inactive dust particles were thought to accumulate in the Jungs blocking
alveolar spaces and being taken up by alveolar cells. This could lead to elimination of
these cells via lymph vessels to regional lymph nodes, with either enlargement of the
hilar region or a micronodular aspect of interstitial pulmonary fibrosis without hilar
Iymph node enlargement but progressive respiratory insufficiency.

Srernde et al. (1970) reported the case of 3 31-year<ld worker who presented with
severe dyspnoea: a chest x—ray examination revealed diffuse micronodular puimonary
lesions. He had been engaged for only 1 year in shovelling PVC powder at 2 processing
factory. Lung biopsy revealed moderate diffuse fibsosis and small focal granulomatous
lesions containing ovoid or polygonal birefringent foreign material which could be
eluted by treatment with a known soivent of PVC. Microscopic examination of PVC
dust particies collected at the patient's place of work showed them to be morphologic-
ally identica) with the particles found in the patient’s lungs.

Another anecdotal case of pneumoconiosis after 23 years of employment in a PVC
bagging area, with radiological evidence of diffuse micronodular infiltrates and granu.
lomatous {esions found in 3 lung biopsy identical with those recorded by Szende er al,,
was published by Amaud et al. in 1978. Histology of open lung biopsies in ] of 14
VCM-exposed British workers, who complained of breathlessness, revealed focal alveo.
lar wall thickening with macrophages in alveolar spaces and increased reticulin and col-
lagen on electron microscopy (Darke 1976). Although chest x-ray appeasances were
normal and routine respiratory function tests showed only slightly impaired CO, dif.
fusion in six individuals, perfusion and ventilation scans revealed strikingly abnormal
pictures, including marked perfusion defects of upper lobes. Darke pointed out that
some of the men worst afTected had been engaged in the polymerization of ‘plastisol’,
a very fine PVC powder with particle size around 0.5 um.

Selikoff (1976) called attention to results obtained by Frongiz et al. (1974), who
observed significant histopathological changes in the lungs of guinea-pigs and rats ex.
posed for 27 months to inhalation of the airborne PVC dust in 3 PVC bagging area.
Lesions began to appear at 2 months of exposure (alveolar histiocyte-macrophage te-
actions): they proved to be fairly marked after 4 months, wath appearance of foreign
body giant cells, and proceeded to development of large interstitial granulomatous

“foci. Vertkin and Mamontov (1970) who examined 96 workers engaged in the manu-
facture of articles made from PVC powder, also found a considerable proportion of
them were suffering from functional and morphological alterations of the broncho-
pulmonary system, which they ascribed to their exposure to PYC dust. They quoted
results of eatlier animal experimenta conducted in 1963 by Golovaryuk and later by
Shivakhesskii These last authors had apparently thown that exposure of animals to
PVC dust may lead to the development of chronic pneumonia and eventually to 3 sort
of mild fibrosis of the Jungs.
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pregnancies in women who had more than two abortions. The findings of this study
rused the question of possible genetic risks of VCM to man and led to the suggestion

Vinyl Chtor

between pre.
ussue such as

that germ-cell damage in the father through direct VCM exposure might be a possible short exposu

explanation. will carry the
No clear<ut linkage of PVC production and increased occurrence of congenital

malformations {primarily CNS malformatons) emerged from preliminary studies in

thre¢ Ohio communities with PVC production plants. But the need for further study References

of possible contributary factors was indicated (fnfans: 1976). In fact, none ~f the par-

ents of affected children in Painsville, one of the three Ohio communities, had ever

worked at either of the two PVC polymerization plants in Painsville or lived within :::ﬂ:ﬁ : tl;:

N .

two miles of these plants (Edmonds ex al. 1975).
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The combined efforts of multiple disciplines have been necessary to arrive at tne full der Leber
recognition of the range of pathology associated with occupational exposure to vinyl Anderson H A
chloride. It can only be hoped that the lesson from the vinyl chloride problem may ff&:’;‘;’é
help to bring about an increased awareness of the risks and hazards which are inevitably Andrews AW.
the consequence of an ever-expanding technology. properties .
The importance of this lesson lies in its exemplary nature. A single substance of Anghelescu F
rather simple chemical structure, which was long held to be a comparatively safe com- M *1969’ c
pound.even by experts, tumed out after all to be 3 carcinogen with a very long latency :1;1;&)':; s
period for those who were heavily exposed to it. But its carcinogenic properties would Annual Repe.
most probably still have gone unnoticed if the resulting malignancy had been any can. London, C.
cet other than of an exceptionally rare type. Animal experiments in the eardy days Antonyuzhen®
: later proved to have been broken off before the oncogenicity of this chemical com- Aa:::ilt:rxll'l’ N ',
Y 733 pound could have been detected. - ’ Perspect 1
S:-E: The lesson to be learned is that in future any new chemical which is to be widely Amaud A, Po:
LN introduced into the environment should be scrutinized closely, for a sufficient length “fide preum
3%’ i of time, and with the aid of all available methods for the detection of potential car- A";;“:‘;’ éi:‘
e anogenic effects. In addition, we should keep in mind that in industrial surroundings Assmann H (1-
f we almost never deal with a single compound, but with a very complex occupational Austin GT (1%
e environment whose carcinogenic potental is still a completely unresolved problem. 87-89
K13 If currently adopted guidelines for industnal hygiene are strictly adhered to, there Bachner U. E-.
e kx is reason to hope that initiation of new cases of VCM-induced angiosarcoma of the ‘,‘2396’;':;‘;
e liver can be effectively prevented. Unfortunately, however, it ¢an be expected that in Bachn er'l-J Ft.
2 ,”w;!’ view of the long latency period for tumout promotion additional cases will appear dur- Befunde be
k. -'}-;% ing the next decade. Jahresbenc!
i Considering the everincreasing complexity of environmental influences, future re. Gentner, §:
P search will be faced with almost insurmountable obstacles in its endeavour to establish Bachner U, Mu
: *{% Safe levels for potentially hazardous chemicals. Promising areas for further studies in 2 1000 patie-
2 . . . . . achner U, Et/
7 the field of vinyl chloride and allied compounds may be the problem of the interaction und Bseph:
% i"‘; llutunge':\ .
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