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Executive Surmary

L 4
Fourteen papers (36 pages) presented at the September 12, 1975
conference on vinyl chioride health hazards, are abstracted froxz
+the Proceedings of the Royal Society of lMedicine (London).

"Te purpose of the present symposium is to raview 2British
experience of the environmental, clinical, epidemiclogical and
pathological effects of exposure to vinyl chloride arising in
the course of polyvmerization c¢f vinyl ~hloride monomer to pclyvinyl

- "

chloride, and to exchange infeormation. .
"L copy of the paper dresented by Dr. Henry Talk and 1.

Richard J. Waxweiler is attached in its entirsty. This paper gives

"preliminarv revizw of the results" of Joint Firestone, University

of North Carolina, NI0OSH-CDC nzsdical screening examination of

530 viorkers at Potistowm.

Suhject papers were putlished in tine Proceedinms of the
Roval S»scicty of Medicine, Vol. 69, n. 16 -~ 5Z2.

i are cn file in library. {Copies available upon reguest.)
Highlights follow:
Title: "Vinyxl Chloride" by Dr. Suzette Gauvain.

Frimary purpose of this paper is %o summarize events leading
up to current vinrl chloriie interest with cmrheasis upon events in
Great britain. .

"The purpose of the prenent symposiua is to review 3British
experience of the enviroamental, ciinical, epidemiological and
pathciocical effects of exposure to vinrl chloride aricing in

the course of nolvmerizmation of vinyl chloride monomcr to polyviny
chloride, and to exchanme inlormation. . "
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"The medical aspects of the code are contained in parts 12,
15 and 14. Part 12 defines 'supervised workers'. Part 13 is
concerned with their medical supervision. Supervised workers
should undergo pre-exployment medical exanination. Tahose already
enployed should be eyanlnad if ‘hls has not been previously
done, within twelve months. The €xaminations should be repeated
annually, and should include: (i) a full medical and occupa-
tiozal history;- (2) a clinical examination wi h particuiar
reference to the abdoxmen, skin and evtrermiti (3) X-ray
examination of the hands; (4) suzh further tests as may be
indicated by the above procedures or nmay be recommended in

uﬂplemﬂnts to the Code. The leaflet describing the early

effects of vinyl chloride monomer should be given to the supervised
workers at tnls examination unless issued previously.

"The physician engaged to provide medical supervision for
the workers should see a supervised worker who reports synptons
which may be due to exposure; he or she should see a super-~
vised worxer wno has been absent from work more than two weeks
owing to illness. These absences should be reviewed on a group
and individual basis. If indicated, medical exanmination should
be undertaken at any time. Section 15 provides for the keeping of
confidential medical records of all supervised workers; these must
not be destroyed without the apgresment of the Chiel Zmployment
Medical Adviser. . ." :

"The Vorkinpg Group on Vinyl Chloride Code of Practice for
Health Precautions met on 8 October 1975 and adonted a new hrgiene
standard agreed by the Vorking Group as 'a ceiling value of 30 pox
and a time weighted averasge of 10 ppm, allowing that wherever
practicable ecxposure should be dbrousht as near anan3051b’ to
zez0 concentrations.' The figures of 50 ﬂa”*s/eo and 10 par ts,,
10~ replace the original figures of 50 parts/10~ and 25 na,t /107, . .

Title: "Vinyl Chloride and the -*oductﬂoﬁ of PVC" by IMr. A. W. Barnes

This pavsr discusses the polymerirzation technique for FVC
and "interfaces between vinyl chloride and people.”

". . . That the polymerization section is in fact the area
where hazard hacs existed in the past is confirmed by the fact
that 211 the authenticated cases of vinyl chloride- related
angiozarcona of the liver throurihout the world have been of
"0““e“q encazed in plants whnere liquid viny! chloride under
pressure was used in larges guantities. . .7 '

"The generzl concensus of oninion throughout the world,
today, is that averare atmospheric exposure for polymerization
vorkers petwecen 1940 and 1970 1:ight have dbeen of the following
orders: 1955-55,~~1020 parts.i0 D 195560, "—400 500; 19¢0-70,
~~500-400; mid=1973, ~2150; 1975, /»5 narts/105. ACT0SS the world,
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there w1ll have been variations around these figures because of
differences in plant design or process operation. Even the way

in which jobs were organized can have caused variations. In

some countries or on some plants woriknen were employed specificallj
to clean out autoclaves (where exposures could have been very hig: {
while in others autoclave cTeaner was part oaly of a whole ranGC
of jobs carried out by individual work pecple. Some spoxesmen

have supgpested, perhaps for full-time cleaners, exposure levels

as high as 5000 parts/106 in the early days of the industry. . ."

"Table 1
Vinyl cqlor’de monomer levels in UK industry
January 12;4 July 1975
Polymerization o (parts/10 (parts/107)
YCH in plant atmosphere ~150 ~5
(weekly average) o
VCH emissions - 0.75% of output 0.3%% of output
VCM in products 200-500 < 50 for most
- : grades
Fabrication and Use
VCI in plant atmospheres 2-15 <2
VCM in PVC bottles ~ 50 ~2
- VCM in beverasges : 0.1 0.001 "
"Table 2
-Daily desamges at current and earljer exoosure levels
Daily dose
(g/kg body
weight)
Polymerization rﬂan+ operator at 1000 parts/106 0.%6
Polymerlza jon plant operator at 500 parts/109 0.18
Polymerization plant operator now at
~5 parts/109 ' 6 0.0018
Fahrication »lant operator at 1 part./10 0.0004
Averare UK citizen through inrcestion in food 0.000000004 "

"In later parers to this conference, a wide range of diseases
or symptoms. whieh have been associated with or attributed to
exposure to vinrl chloride will be discussed. It is important to
note that moct, if not all, of these have becen contracted by
people who worked under conditions represented by the hlghegt
figures in the above table. Todav no one is exposed to doses at
this level. Thae exposure of workers iz industry is now at least
two orders of magnitude lower, waile the general public in the UX
absor>s, through “fosdstufls 'y a quantity which is csome fifty million

times lower. . ."
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During the discussion of lMr. Barmes' paper, the following
conzents are recorded:

"It was in the drring and barging sections of the PVC-
producing drocess that exnosure to solid FVC particles could arise
but, desoite cxtensive medical inYectigetion, no significant emfﬁ
abnorzalities had been found amcng drier opcrators or pDIckers.”
it was pernans worth noting, too, that the greater proportidon of
PVC powder was of a particle size sizilar to sand so it did not
generally »pose an airwvorne dust oprodlem. For those powders which
nmigat cause true dust exposures it had deen customary in industry,
because of the nuisance and discomfort factors alone, to provide
soze foram of respiratory protection.

"Dr. C, S.Darke (Royal Infirmary, Sheffeld) said that he
‘had investigated 14 cases of breathlessness irn workers expesed
to vinyl chloride monorer. . "

"e o oIt mignt be of importance that some of the worst
affected men were concerned ir a polymerization rrocess that
vielded 'plastisol', a very fine PVC powder with particle size
around 0.5 +4m. Taese particles, containing vinyl chloride
mononer, could be carried to th=s zlveolar walls whers they night
pe retained and thus set up a reaction of the type seen on light
microscopy. :

"Professor I. I Selikoff (Mournt Sinai School of Medicine
Citw Uaiversity ol Hew Yorx) sz2id that opulmenary abnormaliti
Fad been unexpectedly coxmon findings armong soze 1200 vinyl
chloride polrmerization workers in his ctudies. Chstructive
pulmonary function defects were noted in approxinately 50%.
Neither age nor cigaorette smoking served to explain the findings.

For these under age 40, obstrustive findings were predeoninately

anong cigarette smokers, as expected. After that age, however, the
vrevalence of chaagss was very nuch the coame anong smokers and
nonsmokers. Of course, age correlated strongly with duration of

expiorzent. Taese two factors were analysed scnarately and it
was found that the changes were generally anong smokers with less
hoan 2 rs from oacet of exposure, hut that thereafter they
were present in both smokers and nonsmokers. Radiograpnic changes.
were less common. Overall, 13.3%5 of 985 chest Tilms showed

linear, reticular or nodular changes charstterized as 1,0 or 1/1
in the ILO U C Classification. Drzpnoea was uncomzon and sigis or
cymrtoms of chroaic dronchitis weore not striking (Miller et al.

1975, Hiller 2975). . ."
Animol Studies" by Dr. X. S. Williamson.

° -~
noav DM :.venv-wc-

Title: "Review of

Highlights of this paper include:

L’_o o

<

o-workers dorced Wistar

"Purchase and hi ‘
Fourteen moanths from tne

s c
at 500, 50 and % mp’kg for G months.

rats daily by gavage
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start of the cxperiment, a large Droportlon of the animals in
tne 300 mg/¥%g proup and several of those in the 30 mg/kg group
have been found to have liver tu“ours. P“e1111nary histopathological
work suggests that some of these tuoou are hepatocellular
carcinonata, though further work 1s necessavv before this can be

- confirmed.n - by

"It is of sone interest to compare the doses received by
animals in long-term studies with calculated theoretical doses
for men exposed to various shift-average coacentrations of vinyl
chloride at work (Table 3). Again the calculated figures are no
more than very rough indications of dose, but they do give a
useful measure for assessing the animal data.

Table 3

lien at work 3

Ventilation = 10 m” air per 8-hour shift
Veipght assumed to be 70 kg

Annual dose
5 5 Daily,dose Daily-dose (g/kxg) (daily

Parts/10 ng/mn”’ (mg/mj x 10) (mg/kg) dose x 250)
500 1250 12500 180 44 .6
100 250 2500 40 8.9
50 125 1250 18 4.5
10 25 250 4 0.9
1 2.5 25 0.4 0.1

"Green & Hathway (1975) and Watanabe et al. (1975) have
studied, the pharmacodynomics and metabolism of wvinyl chloride
using - C-labelled material given by different dosing methods to
rats. Both grours have shown that the proportion of the dose
retained and metabolized is greater following small doses than
large, though the absolute amount metabolized falls with diminish-
ing dose. . ."

"Three principal eliminative routes have been identified by
both groups: expiratioz of uachangad vinyl chloride by the lungs,
expiration as COQ by the lungs, and excretion of metadolites in
the urine. Tne D“ono“tLOﬂ of vinyl chloride eliminated by these
different routes varies with doqe. .

"Though many important animal studies are still incomplete,
there is already a substantial body of evidence to show that
vinyl chloride is oncogenic, and there are some intriguing indica-
tions of the possible mechanisms of this action. . " .

"Discussion
Dr. L Magos (MRC Toxicology Unit, Carshalton) said that the dose
plotted against the log of the number of malignancies gave a

'
'
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straight line, making it very difficult to draw any conclusion
about the threshold or no-effect level, as the zero-effect level
could thecoretically never be rcached.

"Secondly, Dr. dllllamdoq s data on the metadbolism of vinyl
.chloride depeading on dose indicated that at low exposure
levels a hign proportion of vinyl’'chloride was metabolized and less
was exhaled unchanged. This might mean that increasing evposure
above a certain level would exhaust the biochemical ability of the
organisn to coanvert vinyl chloride to a toxic zetabolite respoq51ole

for the carcinogenic effect.

"Taese considerations indicated *hat experim cntal data must
be interpreted with the upnost care. . ."

"Inferences and conclusiorns: (1) From the fact that
haemangiomas occurred in the liver, and not in the lung (the
primary site of entry), it could be inferred either that little
or no vinyl chloride metabolism to free radical occurred in the
lung, or that there was aaple {ree SH to scavenge the vinyl
radical. (2) Most important, the liver had a built-in antagonict
"to the vinyl free radical that provided the basis for a threshold
for the carcinogenic resdonse, in this case a threshold for an
occupational carcinogen demonstrated by a svecific biochemical
constituent reaction. This finding explained the fact that among
the tens of thousands of workers exposed only a small handfull of

haemapgloﬂ“~ had been found. (3) Finding an on"ogenl" threshold
of appreciazble magnitude {(vetween 50 and 10 parts/10”) removed

-

concern about general exposure of the pabllc to small amounts
(see Barnes, p 280) of vinyl chloride in FVC plastic wrappings of
foods; the United States TDA could forget it!{4) To bolster
resistance to effects of vinyl chloride, vegetadhles of the Brassica
faxily should be eaten. Factors reducing free SH vere: certain
industrial exposures that were detcxified by cysteine, e.g.
broxbenzene; substances or coaditions, e.g. ccrtaln chronic
disesases."

Title: "Clinical Aspects of Vinyl Chloride Disease" by
by Dr. 3. J. Preston, et al.

Arco-osteolysis is defined as "dissolution of extremity
of a bone and it is applicd to the distal phalanges of the hands,
feet. . ." . Paper presents the rad1010f7‘“l rlﬁdlﬁ?a in four

patients who nad been ianvolved in the produstion of PVC

"All patients had the following regions exazined by nlain
film “adxogran 1y:  hands, feet, nox‘dcvq, elbovws, knees, ankles,
pelvis, chest, skull, mandible and cpine. Case 1 (£D) also under-
went a bar:um swallow, meal and follow-throusnh, anglogzanhy of
the hands and serial films of the hands at 6 months and 2 years

after presentation, and a filz of +the pelvis at 2 vears. . ."
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"These 4 cases thow the wide radiological spectrua that may
be encountered in men complaining of syzptoms which could be
related to their work in the polymerizatioa of vinyl chloride.

In Cases 3 and 4, no specific changes were encountered; in Case 2
only moderate chanpges were recorded vhilst in Case 1, extensive
bony changes were docunented. Indged, in Case 1, most regions of
the body were involved and a review of the literature revealed
that no previously reported case had such extencsive boay changes.
It has been suggested that personal idiosyncrasy nay be an im-
portant factor in the wide variation of the radiological

findings (Wilson et al. 1967). . ."

"Ross (1970) stated that the bone changes regress after the

sufferer is removed from the hazard but in our Case 1 the serial films

of the hands, feet and pelvis indicated that the acro-osteolysis
was exteading. Fragrentation of the remaining tufts has been
described as part of the healing stage by Wilson et al. (1967), but
in our Case 1 it was only in the distal phalam. of the left big toe
that there was any definite evidence on the 2-year film to indicate

bony regeneration.”

Title: "Clinical Aspects of Vinyl Chloride Disease: Skin"
by Dr. Anne E. Walker. :

"Tne study covers 37 men aged between 26 and 59 years
(averame 50 wears 2 months). ILength of employaent at the plant
ranged from 9 months to 5¥% years (average 2 years 8 months).
Thirty workers had at come time Dbeen reactor operators, 4 were
maintenance men, 2 wor-ked as 'baggers' and 1 was a warehouseman, ., .,

"The commonest coaplaint was of excessive fatigue: men
clained to be emcessively fatigued after minizal evertion and
2lso reported somuolence. Coldness of the hands was also a
frequeat cozplaint.”

"Obviously these csubjective symptoms were difficult to
evaluate or measure. However, one feature was noteworthy: 56
of the 27 stated that on at least one occasion they had felt
overcone by the vinyl chloride fumes, describding themselves
variously as 'unsteady', 'slightly drunk'and 'rubbery-legged',
and this sugsested that the men had been intermittently exposed
to very high levelz of VCI, which in experinental studies
produces anaesthezia. These symptoms were 1ozt fregucntly
cxperienced when men vere nosing down the reactors during emptring,
but also by men when incide c¢leaning the empty reactor, and by
maintenance men when unblocking pipes carrring VCHM.

"None of the %7 nen had evidence of sclerodernatous skin
chanpe. Cne man previously cmploved at the »lant had extencive
cclerodermatous sktin change affecting the hands, forecarms, face,
truck, thighs and dorsum of the feet; additionully he had extensive
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lytic lesions of the bonaes, phalanges, feet, pelvis and jaw (K
Lloyd-Jones, personal comaunication). In 5 men there was clinical
evidence of Raynaud's phenoxmenoa; in 2 it was a marked feature,
with rapidly occurring colour changes froz-blue black to blanched
vhite to a flushed pink. Individual fingers on the same nand might
show a different colour change atsany oze time; on one ozcasion I
observed a harlecuin effect: +the index finger was blanched white
on the radial side and blue black on the ulnar side. Eight other
men described syaptoas of Raynaud's phenozenon but at exaimination
only had rather cold hands. Coldness of the feet was a comnon
cozmplaint, but difficult to evaluate clinically.

"During the last year 4 oen have shown soze thickening of
the skin with limitatioz of externsion of the fingers and mild
‘clawing' of the hands. These changes becoxme nore nmarked when
the hands are cold.- ) .

"Of the 37, 4 developed a curious swelling of the face,
largely periorbital and tending to improve in warmer conditions;
the swelling was firm, and suggestive of scleroedema rather than
sclerodermna.

"Skin bicpsies were obtained from the dorsum of the hand in
15 men. The epiderzis and adnexal structiures showed no abnormality.
In the dermis there wacs. some destruction of elastic tissue, but it
was vrobadly a ncrmal age change. In one man with severe Raynaud's
phcnonenon the dermal zrteries showed soze medical thickening."

"Dr Marcus M. Keyr (University of Texas School of Public Health,
Houston, Texas) asked if baggers and warehousemen had previously
worzed as reactor cleaners.” :

"Dr Anne Walizer renlied thzt they nad not. Usually men
started as baggers 2nd later becamne reactor operatives and
cleaners. The one werehousemen had never deen in a reactor. One
of the baggers had spent an initial training period as a reactor
cleaner but had felt nauseated whilst in tho reactor. After the
first two weeirs he had worked entirely in the dry building for
four years. Tre other bagger was an epiledtic and had never been

in a reactor." .

Title: "Ividence of an Izrune Coaplex Disorder in Vinyl Chloride
Worlkers" oy Dr. A. Milford Ward.

With resnect to the occurrence of Raynaud's phenormenon
and loss of bone dencity in assocziation with dermal thickening. . .
"Recent studies have iniicated that the diccase process is not
confined to the skin and skeletzl tissucs, but is a rnulti-systen
“one with irnvolvement of many organs and tissues.” )
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"The major features of the disorder include hy-
perizaunoglobulinaenia, cryoglobulinaemia and cryo-
fibrinogenaeania, and in vivo coxplament activation via the
classic pathway with C4 and C3 cozversion. There is, in addition,
evidence for a reduced T cell population, with low spontaneous
sheep cell rosette counts, and an,increased B-cell population,
ac evideanced by an apsolute incremse in lymphocytes showing
membrane dound immunoglobulins. The total lymphocyte counts
are usually nornal or s’qutlj increased. Some patients show non-
organ-svecific antitissue anti-bodies of low titre but rheumatoid
favfor is universally negative.. ."

.- "The association of these experirental data with the-observed
irmuneoloeogical profile allows the construction of a theoretical
model of the disease process. Tae initiating sequence is at present
speculative and remains to-be proven by further study, but the
later sequence of events can be adequately explained by the
immunological abnormalities. . "

"The freguency with which abnormalities have been detected
in this series, especially in that group in vhom there were no
overt clinical signz, suggests that the disease process may be
more common than generally supposed. The theorstical, and at
present speculative, initiating seguence oI reactions in this
disease process also raises the questicn whether other unsaturated
halogenated hydrocarhons may also be involved in a siailar

crain of events."
"Chromosonal Effects in Peripheral Lymphocytes" by Dr.

£l

Title:
' I. F. i. Purchzse, et al.

"e .« « In coamon with other carcinogenic chemicals, such
as benzene, recent studies have demonstr ated that workzen exnosed
tc vinyl chicride have an increase in the percentzge of lymoehocytes
with chrozosozal abqorraTities " "Studies of this type carried

out on lymshocytes recovered Irom peripheral blood provide an

easy clinically applicable method of assessing danage to living
cells caused b" carcinogenic chemicals. 17 there 1s a quantitative
relavionship between the percentage of cnromesoxe abnormalities

and the amount of exposure to the chenical, the estimation of
chromosone abnormalitiec may provide a useful tool for determining

levels of exnosure which do not produce this mutagenic effect.

"We have studied a population of 80 workers including exposed
workers, nonexposed workers from the same industrial site, and
nonexnposed control subiects {rom another environment. . ."

"The induction of chromosoxzal abnormalities is“indicative
of a mutagenic elfect of vinyl chloride. 1t is important to know
whether vinyl chloride is capabdble of inducing mutagenic effects
~in other test systems and particularly whether such an effect
is produced on germ cells. Accordingly vinyl chloride was
exzmined for dozinant lcthal effects in mice. Groups of 15 male

600L6EZZ



-10-~

nice were exposed to 3000,10000 or 50000 parts/lO6 of vinyl
chloride for 6 hours per day for 5 coasecutive days. =Zach

male was mated with 2 virgin females per week for 8 weeks and
the females were killed at 13 days and examined for doainant
lethal effects. There was no significant increase in any of

the parameters (early deaths per implantation, early deaths per
pregnancy). Vinyl chloride, theréfore, did not produce dozinaant
lethal effects in mice, indicating that it did not produce a
mutapgenic effect in germ cells even at these high levels."”

Title: “Preli:idary Results of Grey-Scale Ultrasonography in the
Detection of Vinyl Chloride Related Liver and Spleen
Disease” by Dr. K.J.VW.Taylor, et al. ’

L) -

ultrasound offered a possible noninvasive method for visualizing
the liver and spleen in worxers exposed to hepatotoxic agents.
Initial results proved encouraging. . ."

" . a2 pilot project was carried out to ascertain whether

"The liver is scanned in a series of paramedian sections
illustrated in the schema shown in Fig 1. The resulting ultra-
sound scan is shown in Fig. 2. Ultrasound 1s a fast means of
acaquiring data. . Using this single pass technique through the
liver as shown in the diagram, good resolution is obtained without
degradation by respiratory or cardiac excursions. This ultra-
sound technigue involves no ionizing radiation nor other knowm
hazards, no disconfort, 2rnd no need for coatrast media. It does

“w .

reguire coansiderable -operator expertise and high quality

instrunentation, vwhich has only recently become commercizlly
availadle. Iiachines which do not display the coasistency of
the liver are unsuited for exaninatioa of it.

"Mineteen volunteers were selected from the factory work-
force, with varying exposures to vinyl chloride monomer. . ."

"Tnese prelixzinary results suggest that ultrasound will
result in a small iacidence of false negatives (2 out of 19), so
that the method is coxplementary rather than a replacement for
current technigues. Botnh acgquiring the ultrasound scans and
interpreting them recuires operator euvertise, but automated
scanners should bdecome availadle within the next year, while
experience can bde gained if the notential of the methed is
sufficziently rronising. Prenarations are currently being made
for 2 zmore extennive investication of the application of grey-
scale ultrasonography to detect any liver patholosy in a
comaunity in the United Sitates which has been heavily exposed to
air pollution with VCM, as well as in workmen exposed during

he course of their empleyzent. . .Y

Title: "Collagen Studies in Acro-Osteolysis" by Dr. M. I. V.
: Jayson, et al.
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"The skin changes of acro-osteolycis (AOL) are in zany
respects analogous of those of scleroderma. In both conditions
there is severe rigidity and thickening of large areas of skin,
suggesting qualitative or quantitative changes in the collagen. . ."

"By both crosslink analysis find by measurement of 3."-proline
incorporation into hydroxyoroline, we have confirned excess new
collagen synthesis in the skin of a patient with ACL. Thaese
results are analogous to the findings in the skin in scleroderna
and account for the thickening of the skin. It is possible that
the elfect is generalized, and excess collagen proliferation in
the blood versels could lead to chronic ischaemia with ulceration

f the fingertips and further local collagen produstion. Ischaenic
necrosis could similarly occur in AOL and so produze the typical
bone lesions."

1

"However, the AOI bone lesions differ in appearance from those
of systemic sclerosis.”

Title: ‘"Epidemiological Studies of PVC Manufacturers and
Fabricators, and Primary Angiosarcoma of the Liver"
by Dr. P. J. Bexter

: ". . .The main ain of thiz survey is to evaluate the efflects
of this exrzosure in terms of rmortality and cancer registration
rates according to certified causes by including all past
werkers at every factory manufacturing FVC in Great 3ritain.
Present and future workers are also to be incorporated.
Identification details of the workers, including durztion of
emplojment and detzils of vpast exposure, are entered by the
{factory personnel departments onto individual survey cards
according to instructions provided by.IIIA3. Past exposure had6
been graded into high £ 200 parts/10%), mediuz (> 25 parts/107),
and low (L 25 parts/lo>), with 'constant' and 'intermittent'
categories. The cards are updated annually and sent to =i
headcuartercs. . ."

"The mein aiz of this study is to identify and verify all
diagnosed cases of primary anciosarcoms of the liver occurring
from 1974 onvwards, and to evaluate their associatioz with
occupational exposure to vinyl chloride. . " .

Ta
+

"fme controls, matches for aze, sex and death register
(locality), will e chosen from the other liver cancer deaths
and also froz deaths from all causes. Four liver cancer
controls for each angiozarconz case will be randomiy selected
by ZMAS. The controls of deaths from a2ll causes will bpe )
selected by the Repistrar General's Office froz the same death
register as an anGiosarsona case. . o

"In conclusion, prospective and retrospective studies are
beinp carried out to provide a comprehcnsive asscessment of the
of occupational exposure to viunyl chloride and the development
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of primary angiosarcoma of the liver. The prospective mortality
and cancer “erlatratlon studies will also permit the testing of
hypotheses concerning tne carcinogenicity of vinyl chloride in
other sites, such as the Iung and brain. 4And in the absence of
a satisfactory objective test for sase in morbidity surveys,
‘mortality data should cnable the more serious co~ﬁ1ications of
periportal fibrosis due to vinyl chloride to be assessed.”

Title: "Histopathology of Liver Lesions Associated with Exposure

to Vinyl Chloride HMonomer" by Prof. XK. Weinbren.

"The tuzour concsists of cells wh'ch vary considerably in
appearance csut seem to have enough coaron features, particularly
in their mode of growth, relatioaship to vascular spaces and
stromal changes, to support the view that they are derived
essentially from one cell type.

"In general the tumours show a gross appearance of dark
haemorrhagizc nodules in the liver; there ics a variable distortion
and apparent fibrosis in the 1ntervenlng liver tissue. Soxestizes
foci are mavroscoplca‘lv less haemorrhagic. Taere is often frank

necrosis.

" .In sum, the tumour cell is distinguishable from

hepatocytes, resemhloe cells normally associated with vessel
walls and appears to be closely related to vascular spaces with

variable degrees of abnormality.

"There are changes in other elements, both in tumour-bearing
regions and in vparts of the liver which appear to be free of
tunour. These changes seem to involve mostly the supporting
stroza. ., "

Title: "Epidemiological Studies of Vinyl Chloride Health Effects
in the United States” by Dr. Henry Falk and Mr. Richard
& Waxweiler.

Paper discusses history of vinyl chloride problem in USA;
HLS sumveillance; medical screening of vinyl chloride workers;
cohort mortality study at four PVC polymerization plants.

of this paper.includes relercnze to

Sinze the diﬁﬂ 155 5ion
ning the coaplete paper as "attachment A."

Potisuozn I an atta

Tdtle: "Medical Surveillance of Vinyl Chloride Workers" by
Dr. B. W. Duck. .

Paper describes medical surveillance program of Great
Britain.

". . .A progratme of action was cdiscussed and sgreed with
nedical representatives of Government and Trade Union agencies
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and it was accepted that one of the main objectives was to gather
clinical and epidemiological data to provide a reasonable
foundation for future decicsions conceraning regular medical sur-

veillance.

"The survey nopulation was dfvided as follows: Vinyl chloride
workers Group 1 - all amtoclave floor vorkers, vinyl chloride
nononer (VCh} production workers with five or more years' service;
Group 2 - vinyl chloride nmonoxer production workers with less than
five years' service, all other VCI/PVC production workers. Controls
- workers from sane sites with no history of VC exposure.

"A standard medical examination procedure was adopted. Znitial
examination comprising redical history (guestionnaire), physical
examination, bioc emlca1 tests (SGOT, SGFT, GGTP, alkallnP
phosphatase, bilirudin), platelet count, u*lqalvs1s. Follow
up of abnormal findings, w1th repeat blochemlcal tests and
platelet count, and persisting abnormalities referred to coasultant

for specialist investigation.

"The programne was introduced simultaneously on the six
production sites and the employees concerned were inforrmed that
it was not an individual screceaning test, but a joint investigation
to provide data that would help to establish future medical policy.
It was also explained that anyindividuals with suspicious findings
notadly rersistently abnormal vest results, would be referred for
appropriate cpacialist investigaticn by arrangement with their
family doctors. . ." '

". . .Hence interin: findings quy can be presented at this
stage and no firm con:*u ions can be drawn until all the facts
have been elicited and the mass of data obtained has been

appropriately ana*voed. —

"Abnormal liver function *test findings were relatively
cormon in both vinyl chloride workers (12.5%) and controls
(16.55) even thousn results had to fall well! outside (2 or 3
standard deviationz) the normal range in order to be classified
as abnormal. Repeat testing revealed percistent abnormalities in
cne third of the vinyl chloride workers in whom the initial
findings were abnormal and these 55 men were referred fcr further'
investication. Cozmparable data for the controls are at present

unavailable.”
Title: "Environzmental !onitoring" by Mr. H. F. Heaning.

Paper describes instrumental monitoring technigues
presentation of results; influence of peaks; influence of sampling

freouency; other p“ob7emg (preservation of records).

RiP:blc

cc: HMr., T, C. Walker
Dr. I, T. Dian
Dr. L. il. 3ullou - Akron
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Fig 9 Bizarre and enlarged sinusaicul linirg cells and
hepatocyte mitntic ubnormalily in sume pativnt as

Fig8 . H& E. » 600

to be striking hepatocyte involvement, even with
mitotic abnormalities (Figs 8-9).

The question whether these lesions are signifi-
cant as premalignant chinges is unanswered, as
many of the zlierations can be found in other
conditions such as congestive cardiac failure,
endothelial cell hyperplasia in cases of lymphoma,
and ol hepitocyte and other changes in many
drug toxicity situations. QOther pathogencetic
questions also have to be posed, such as what is
the primary lesion, which cull is involved in the
formation of the tumour, what is responsible for
the curious fibrosis and survival of the hepato-
cytes. Understanding these processes  wouid
probably cnable us to make a better assessment
of individual risk factors and perhaps to work out
whether there is a tolerable exposure.
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Dr Henry Fulk

(Cancer and Birth Defects Division, Bureau of
Epidemiolozy, Center for Disease Control,
United States Public Health Serviee,

Depatiment of Health, Fducation, and

Welfare, Atlanta, Georgiu 50333, USH)

and Mr Richard J Waxweiler

(Division of Field Studies and Clinical
Investigations, Nationul Institute for Occupational
Safery and Health, Center for Disease Contral,
United Stures Public Health Service, Depariment
of Heulth, Filucation, and telfare, US Post
Office Building, Cincinnati, Ohiv 43202, US 1)

Epidemioloyical Studies of Vinyl Chloride

Health EfTects in the United States

The vinyl chloride (VC) problem has had a con-
siderable impact in the United States during the
past year and a half. Perhaps related to the age
and conditions of the VC industry, or simply to .-
the sheer size of it, the United States has so fuar
had the largest share of cases of VC-induced
hepatic angiosarcoma (HAS); at the present time
there have been 17 known cases in polymerization
workzrs {Llovd 1975). The finding of the initial
cases was a dramatic event, and unlike what has
occurred with many other proven or suspect
carcinogens, the confirmatory cxpsrimental cvi-
dence arrived almost simultanzously with the
epidemiologic results (Multoni & Lefemine 1974).
The widespread industrial applications and uscs
by the consumer were instantly appreciated, and
since the VC problem also arrived at a time of
growing awarencss and concern anmong workers
and consumers about environmental and occupa-
tional hazards, it served to focus these concerns. -

Within the first few months after the initial
cases were described a number of worrisome
reports appezared. Investigators in Louisville,
Kentucky, and also at Mount Sinui Hospital in
New York demonstrated a high percentage of
liver function abnormalitics in polymierization
workers, suggesting a broad problem (Mukk ¢/ al.
1974, Liiis er al. 1975), and, in addition to this, the
carlicst mortality studies (Monson er al. 1974,
Tabershaw & Gaftey 1974) suggested increased
rates for nonhepatic’ tumours, paralielling the
multiplicity of tumour types seen in experimental
studies (Maltoni & Lefemine 1974). Review of
records at the Connecticut Tumor Registry,
startzd in 1933, revealed 5 definite cases of HAS;
4 cases were clustered in one industrialized area
and had occurred since 1967; 3 of these (and
possibly a fourth case where the diagnosis was
uncertain after review of slides) occurred in
warkers at two polyvinyt chloride (PVC) fubricat-
ing plants or in residents living nearby (Landrigan
& Heath 1976). Ifurther concern was generated by
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reports of the potential carcinogenicity of chemi-
cals structurally relaied to VC, e.g. chloroprene
(Lloyd eral. 1973) and trichlorocthylene (National
Cancer Institute 1975, unpublished data), and by
the knowledge that VC workers int many instances
have buen earosad to mudtiple refated chemicals,
including vinslidene chloride and acryloniwile
{vinyl cyanide). !

As part of the United States Public llcalth
Scrvice response to the VC problem, the National
Institute of Occupational Safety and Health
(NIOSH) and the Buarcau of Epidemiology, :
Center for Discase Control (CDC), have worked
on a number of VC-related epidemiologic projects
during the past year and a half; in this papzr we
will briefly review some of the carly results of
threc of these studies.

HAS Surveillance
A dcath certificate scarch for all cases of HAS

" recorded under 1ICD Code 197.8 (Sth Revision),

which cncompasses various miscellaneous forms
of liver tumour including most cascs of HAS, was
undertaken by CDC for the years 1966-73 in the
United States. This scarch is almost completed,
with only data for New York City not yet
available at the time of this review.

Table 1 shows the number of cases of HAS and

. non-angio hepatic sarcomas by ycar of death for

1966-73; there is no cvidence for an increase in
the incidence of these malignancies during this
period.

A review of the relative occurrence of hepatic
sarcomas rceorded under JCD Code 197.8
showed angiosarcoma to be the largest group
(35°; of total hepatic sarcomas), followed by
sarcoma ol unspecified type (31%)), Iciomyo-
sarcoma  (12957), fibrosurcoma (7%). und a
grouping of miscellaneous sarcomas (159).

Tahle 1

Hepatic sarcoma in the United Statce® by reported
hittolopy and year of death, 1601971

Yearof Al Non-angio
death sarcensa  Angigiarconut  yaecom
1966 b} 9 22
1907 40 13 27
196 2 9 14
19469 14 ? 7
1970 N 14 16
"nn 22 s |14
mwnro 9 t  §
1973 25 9 {7
196 63 128

© From doath certiticates, 1C1Y Canle 197.8 (Sth Revinnn).
Datafrom New York (v aot sndluded
o Half year sampie
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Tuble 2

Hepalic angiotarcoma ia the United S13ten @
by age 3l death and wex, JV66-197)

Acr ot druth
Oears) AMube  Tewale Totul
c-9 2 2 3
10-19 1 1 2
20-23 ! 1 2
30-39 s 4 9
40-49 ? 2 9
50-59 13 2 13
+0-69 S 3 10 .
-79 1 3 13
S04 ! 2 )
46 2 [

© Fremdeath centifizates, ICD Code 197.8 (81h Revuaion).
Data for New York City not included

There was approximately 1 casc of HAS for
every 300 death certificates reviewed.

. Table 2 demonstrates a male to female ratio &7
2:1 for HAS. Sixty-two pereent of casas occurred
in the group aged 50 or more, with 26% in the
3049 ycar age group. Non-angio hepatic
sarcomas differed in huving a male to female ratio
of only 1:I, and an altered age grouping with
7825 of cases aged 50 or more and only 927 in the
30-49 year age group. These differences are con-
sistent with a hypothesis that occupational ex-
posure may be a more significant factor in the
causation of HAS than of non-angio hepatic
sarcoma.

Only 2 of the patients with HAS in the death
certificite revicw were recorded as having worked
in PVC or plastics plants (1 PYC polymerization
worker aad ! accountant in a PVC flabrication
plant): both were cases which had been identified
prior to this study. No other occupation is
recorded more than twice vxcept for the occur-
rence of 5 printers. Although all were subsequently
confirmed as printers. a preliminary review of
pathology records and specimens suggests that
4 of the 5 cases mity have been incorrectly diag-
nosed as HAS.

CDC has supplemented the death certif™te
survey with an intensive case-finding cff&et,
including a national mailing to all patholouiss,
state epidemiologists, and major cancer referral
centres and tumour registrics, seeking information
on as many cases of HAS as possible diagnosed
in the US during the years 1964-74. At the present
time approximatcely 2.0 cases have been identified.
Pathology specimens for about two-thirds of these
are currently under review at the National Cancer
Institutz and the Armed Forees Institute of
Patholoay., An epidemiolopic evalution of all
cases to obtain more detailed histories regarding
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past occupations, toxic exposures, and places of
residence is underway, .
Medical Screening of VC Workers )
Together with the Occupational Health Studies
Group of the .University of North Carolina,
NIOSH-CDC recently concluded a cross-sectional
medical screening examination of 530 workers at
a plant in Pennsylvania which coatains both a
large tyre-building facility as well as one of the
oldest PVC polymerization plants“in the United
States. Included in the study were approximately
130 current PVC polymerization workers and a
similar number of control workers from the tvre
plani who had never worked in the polymeriza-
tion facility. The 2 groups were comparable in
age, alcoholic intake, and socioeconomic back-
ground; ths controls were chosen from those
areas of the tyre plant where exposure to solvents
and dusts was lcast. .

Preliminary review of the results shows no
significant differences between the 2 groups for
any of the 6 liver function tests performed (SGOT,
bilirubin, alkaline phosphatase, LDH, GGTP,
and ornithine carbamyl transferase). Additional
analyses based on levels of VC exposure, duration
2nd type of job, and other subgroupings are
being done; these preliminary results however do

‘not suggest the occurrence of liver function

abnormalities on a broad scale secondary to VC
exposure. One should of course be cautious about
generalizing from the results at a single plaat, and
it will be important to compare these findings to
studies at other PVC plants. It is also important
to realize that since liver function tests are rela-
tively insensitive to the early finding of VC-
induced hepatic disease (i.e. fibrosis). the results
of this type of testing are not a reliable estimate
for the prevalence of VC-induced disease. Liver
scans were also performed on all workers with

* more than 10 years duration of work in the PVC

polymerization plant, and no cases of HAS were
detected. Some increase in frequency of palpable
livers on physical examination was found, how-
cver, among VC workers. A full report of findings
from this comprehensive medical screening study
is in preparation and will be available shortly.

Cohort Mortality Study at Four PVC
Polvmerization Plants :

Onc of the results of this NIOSH-CDC study wis
the demonstration of an increased SMR for
respiratory svstem cincer among members of the
cohort (\Vaxweiler er al. 1976). On preliminary
pathologic revicw, it was also noted that of the 12
lung cancer cases all & for which pathologic
specimens were available were cither Jarge cell
undifferentiated or adenocarcinoma of the lung;

Section of Qceupational Medicine , 305

Table 3
Luag cancer amung warhers at PYC polymerization plants in the
United States by Insiologic (ype 20d exteat ol VC expasure

Exsent of VC eaposure

Less thon  Alove thoa
I{!’!.lololit 1ype Noar oneyrar onejyeer Tosal

Epidermoed 1 1 0 2
Smalicell
undiffcrentiated 0 3 o 3
Adenocarciooma | 1 4 [
Larpeceld R
uadulerentiated 4 [ 6 10
Unclassibied ] ] ] 1

7 3 10 22

if confirmed, this unusual czll type distribution
may support the association between VC exposure
and occurrence of lung cancer.

There are, however, two additional features
which should be considered in evaluating this
potential relationship. When all of the workers
at these 4 plants are considered, including those
who were nect part of the defined VC-exposed
cohort, a total of 22 cases of Jung cancer (out of
48) were availuble for pathologic review, The
increased incidence of large ccll undifferentiated
and adenocarcinoma of the lung was seen in VC
workers with more than 1 year of exposure, while
a distribution more closely resembling the ex-
pected small cell predominance was scen for VC
workers with less than } ycar of cxposure.
Interestingly, however, cases of lung cancer in
non-VC workers at these plants, although small
in number, appecared 1o have a cell type distribu-
tion which was also predominantly large cell
undiiferentiated (Table 3). In addition, unlike the
situation for HAS in these plants where all but
one of the cases were long-term reactor cleaners
and operators, the workers with large cell un-
differentiated and adenocarcinoma of the lung
were distributed in 2 number of diflerent job
categories. As a result, cases of lung cancer seem
not to correlate as tightly with VC exposure as
cases of HAS and it is conceivable therefore that
some additional chemical exposure at these
plants may be warking together with VC (or even
separately) to produce this cffect. Further studies
are currently underway in an effort to confirm
these preliminary pathologic findings.
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DISCUSSION
Dr Mitchell R Zavon (Haror Rouge, Lauisiana) asked
whether the clinical examiners at Pottstown knew
whether or not the person being examined worked in
vinylchloride.

Dr H Falk replied that none of the clinical examiners
were aware of the occupational status of the workers
at the time of the examination. :

Dr R I McCallum (University of Newcastle unon Tyne)
asked Dr Falk to give in mere detail the way in which
hisiological diagnosis was made in the case of lung
cancer shown in his slide. \Was this donc by onc
individual or by a punel of pathologists? How were
the specimens of tissue obtzined: by biopsy, surgical

_resection or at autopsy? It was remarkaplz that in

none of the cases was un oat cell carcinoma diagnosed,
as this wos the type often considered a characteristic
result of exposure to a chemical carcinogen.

Dr H Falk replied that the \WHO Jung cancer classifica-
tion scheme of Kreyberg (1967) was used. Four patho-
logists rcviewed the slides and agreed on the inter-
pretation (Dr Louis B Thomas and Dr T Powell,
National Institutes of Iealth: Dr M Kuschner, State
University of New York: and Dr Laszlo Makk, St
Anthony Hospital, Louisville, Kentucky). All avail-
able pathological material for cach case was reviewed.,

The expanded pathological review currenily under-
way would include the sclection of muliiple control
cases of lune cancer from the same hospitals (with simi-
lar age and date of diagnosis to the study cases) and a
blingd review by a panel of patholozists in a more
detailed evaluation of availatis pathology material.

To Dr Falk’s knowledge large ccll undiflerentiated
carcinonut of the luny kad not been reliated to exposure
to chemical carcinogens, whick made the findings in
the VC cohort even more intriguing.

Dr A J Fox (Fuployment Aledical Advisory Scrvice,
London) asked hove many factovies had teen studicd
individually in the USA. What proportion of these
had indicated vinylchloride-associated disease?

Dr 31 Falk replisd that cases of hepatic angiosarcoma
had been secn ar § of the $ I'VC polymerizttion plants
opened prior to 1950.

There wis sume confucion in this arca in that a
number of the VC worker mortality studies had been
overlapping. Three separate studies, for example, (the

48

NIOSH-CDC study, the Tabershaw study, and the
Monson-Peters study) had all lookcd at the Louisville,
Kentucky plant where the initial aagiosarcoma cascs
occurred a5 well as at a varving numinr of additional
plants. Compounding the problem v.as the fact that
the definitions for entrance into the cohorts studis
differed from study to stdy, <o that the results even
at the same plant were not identical,

Dr J A Roanell (Central Flectricity Generusing Board)
asked whether, sinee vinyl chloride monomer was a
carcinonenic agent, there was any cvidence in experi-

mental acinlk or in human clinical experisnee caat’

the skeletal or skin changes described might be pre-
mualiz. ant conditions. .

Dr H Falk said that cases of anziosarcoma in the USA
did not have a history of acro-ostcolssis or skin
problems, although they did not have the muliiple
tests for carly changes of acro-ustcolysis. It would
scem, therefore, that the skin changes were not pre-
malignant conditions.

Professor 1.1 Selikoff (Afount Sinui School of Medicine,
City University of New York) said that a review of
known dztails of identified cases of vinyl-chloride-
associated angiosarcoma of the liver by Dr Lloyd
(1973) of the National Institute for Occupational
Sai:ty and Health had demonstrated that the median
duration from onsct of exposure was approximately
seventezn years, These cases were derived from the
rather snuill number of polymerization workers em-
ployed during the establishment and initial growth of
the viny! chloride industry, Attemipts were undenvay
to identify and trace the initial groups of workers,
employed during the vears 1938-35, since analysis of
their experiznce would aliow evaluation of the risks
which micht be suficred by the very tnuch acger

group of vinyl chloride workers exposed maore recently,

in a period during which PVC production was in-

creasing at the rate of approximately 107 perannuin.

Limited data bearing vn the problem had been
obtained. In one polymierization process studied, 257
men had becn emploved for five veurs or more in the
period between 1936, when the plant opencd, and
1964. Each man had been traced to 1 July 1974, with
25 deaths from all causes: 3 of the deaths were due to
angiosarcoma of the liver (Nicholson ez al. 1973). cauch
confirmed on review of autopsy material (Thomas &
Popper 1975); in addition there was one death due 1o
ruptured  asophagzal  varices.  Another  worker,
examined during the clinical survey at this faciiity
(Lilis ¢7 al. 1973) had had 2 succensful portacaval
shunt operation for the same condition. These experi-
ences suggestey’ that vinylchioride-associated disease
wauld 80 ai hporiani bazand for viny i cuionde
wurkers tn the future, unless somtrol of exposure
resulted in at least some reversal of the rick.
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