LTI

Volume 69 April 1976

Section of Occupational
Medicine ‘

President Suzette Gauvain MRCP

Meeting 12 Seprember 1975
Vinyl Chloride

+

Dr Suzette Gauvain

{(Medical Advisory Service, Heulth and Safety
Executive, Buynards House, 1 Chepstow Place,
Westbourne Grove, London W2 iTF)

Yinyl Chloride:

Introduction to the Problem

The story of vinyl chloride, when it comes to be
written, will be seen as a watershed in the history
of occupational medicine, forcing us to take a
new attitude to occupational hazards and react
quickly to first evidenve o harm.

The polymerization process of vinyl chloride
to polvvinvl chloride was first discovered in
Germany in the mid-1930s. The fire and explosion
risks and the narcotic effect were quickly appreci-
ated. Acro-osteolysis, a condition mainly affecting
the terminal phalanges of the fingers, sometimes
the toes, and to a lesser extent the other bones of
the body, was first reeogrized in autoclave
cleaners in Belgium (Cordier er al. 1966) and
subseguently confirmed in 3 number of investiga-
tions of autoclave workers in Canada, Engiand
and the LUSA. Soft tissue changes, coldness and
numbness of the hands and fingertips, resembling
Raynaud's phenomenon, were also described.

Lilis ez al. (1975), summarizing the findings in
the world literature in reiution to the prevalence
of disease among vinyl chloride and polyvinyl
chloride workers, make the point that hepatitis-
like liver changes were reported by Tribukh,
from Russia, in 1949. However, until Viola
reported (Viola et al. 1971) that he had failed in an
atternpt to produce acro-osteolysis in rats exposed
to 30 000 parts/10* of vinyl chioride, but demon-
strated carcinogenic effects, little attention was
paid to this eariier finding. The level of exposure
of the rats was so high that its significance to
humans was not clear and further testing was

neeassury, Maltoni, commissionad- by a conszor-
tium of European checmical interests, including
Imperial Chemical Industries,” 10 . undertake
further studies, confirmed cancer in animals at
exposures as low ag 250 parts/10* (Maltoni er al.
.1973). v

As a result of Malioni's work an epidemio-
logical study was undertaken in the USA on men
who had previously worked as cleaners of auto-
claves (reactors) in a polyvinyl chloride poly
merization plant. Creech & Johnson published
this work in 1974, but their indings of a cluster
of cases of angiosarcoma of the liver in ons
factory were transmitted 10 the National Institute
of Occupational Safety and Health (United
States) on 22 Junuary 1974 (United States Senate
1974), to the Department of Employment (HM
Chief Inspector of Factories) on 23 January, and
1o the Acting Chief Employment Medical
Adviser on the following day.

On 29 January 1974 [mperial Cherrical
Industries put out a press statement announcing
that it was taking steps to inform government_
departments, the TUC, its own workers and its
customers, of the facts available so far; and thata
single suspected death in the United Kingdom
was under urgent investigation. Subsequently tixis
70-vear-gid retired autoclave worker, who hud
died at the end of 1972 after twenty years of ex-
posure, was confirmed 1o have died of angio-
sarcomit of the liver.

Since 1974 intensive investigations have taken
place in this and many other countries. The
United States government have published an
account of the hearing before the Subcommitree
on Environment of the Senate Commirtee on
Commerce. on the dangers of vinyl chioride
(United States Senzte 1974). Senator Tunney, in
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his opening statement, said: ‘This hearing will be
focusing on ways to mitigate the problems in-
volved with vinyl chloride as well as ways to
avoid crises of this type-in the furure.’ Previously,
on 10 and 11 May 1974, the New York Academy
of Sciences, the American Cancer Society, the
National Institute for Qecupational Safety and
Health and the Society of Occupational Environ-
men:al Heahth held a2 workshop entitled Toxicity
of Vinyl Chloride ~ Polyvinyl Chloride (Selikoff
& Hammond 1975). ,

The International Agency for Research on
Caneer (1974, 197%) published technical reports
of a working group on vinyl chloride held in June
1974 and of a succeeding meeting in January
1975. The International Chemical Workers
Federation publisked for its members 2 handbook
cn vinyl chloride and its hazards (Levinson
1974). The Environmental Protection Agency in
Waeashington, DC published in Sepiember 1974 2
preliminary assessment of the envirenmental
problems associated with vinyl chloride and poly-
vinyl chleride, in which it set forth recommenda-
tions to clarily and reduce the associated risks.

Meanwhile, the Department of Employment
stalT in the United Kingdom huad becn taking
active parr in consultations in Europe and in the
United ‘States. As scon as the information was
communicated in January 1974, HM Inspectors
of Factories and Employment Medical Advisers
throughout the Uniied Kingdom were notifizd,
and industry on jts own initiative sct out to ensure
that no person would be exposed to armounts of
vinyl chloride vapour that were above a con-
centration of 50 paris/10%. *

The TUC.and the CBI sceepied an invitation

from HM Chief Inspector of Factories to form a”

joint working group with representatives of
government depariments. The first meeting took
place on 14 June 1974. An interim hygiene
standard was adopted and two subgroups were
ser up to draft the environmental and medical
sestions of a code of practice; thefe were pub-
lished in February 1978 in temporary format by
the Health and Safety Executive (1975). In the
introduction Mr Bryan Harvey, Deputy Director
of the Health and Safety Executive, states that the
code sets out to (4) define an interim hygicne
s:andard that must not be exceeded; (b) require
regular monitoring to measure the concentrations
of vinyl chloride in the atmosphere: (¢) outline
methods of achieving (a); (d) provide for medical
supervision (#) provide for joint consultation and
education and training. He further states: *. ..
the Code as now published is based on our
existing knowledge and will be improved where
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addiiional information shews this 10 be necessary
++. The success of the Crude depends primarily on
the united efforts of manugement, supervisors and
employees. This is very much a first edition of the
Code in temporary format; I hope that those who
have suggestions for improving it will put them
forward viz the joint consultative machinery
required by the Code.’

Medicol Subgroup

The medical subgroup defined its ierms of refer-
ence as being: *To examine the medical aspecis of
exposure to vinyl chloride; to decide in the light
of existing clinical, pathological, toxicological
and epidemiolegical information the examina-
tions which should be included in the Code of
Practice; and to indicaie those which require
further research before inclusion in the Code’,

The subgroup consulted and gratefully zeknow-
ledged the help given 2y experts on diseases of the
Yiver and relevant diagnostic procedures. Because
of the difficuity of determining which medical
tests indicate the effecis of vinyl chloride on the
liver preceding the development of angiosarcoma,
they ‘concluded that insufficient experience with
liver function tests or screening tests is as yet
available 10 enable firm recommendations to be
made regarding them in this Code of Praciice.
Liver function tests for this purpose are however
in use in factories making PVC...". As a result
of experience gained from these tests and from
other informaijon, ‘formal recommendarions
may be issued as a supplement to the Code in due
course’,

" “The medical aspecis of the code are contained
in parts 12, 13 and 14, Part 12 defines “supervised
workers'. Part 11 is concerned with their medical
supervision. Supervised workers should undergo
preemployment medicel examinations Those
already employed should be examined, if this hus
not been previously done, within twelve months.
The examinations should be repeated annually,
and should include: (1) a full medical and occupa-
tional history; (2) a clinical examination with
particular reference to the abdomen, skin and
extremities; (3) X-ray examination of the hands;
(4) such further tests as may be indicated by the
above procedures or may be recommended in
supplements to the Code, The leaflet describing
the carly effects of viny! chloride monomer should
be given to the supervised workers at this exami-
nation unless issued previously,

The physician engaged to provide medical

s?ucrvision for the workers should see a super-
vised worker who reports symptoms which may
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be due to exposure; he or she should see 2 super-
vised worker who 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 examination
should be undertaken at any time. Section 16
provides for the keeping of confidential medical
records of all supervised workers; these must not
be destroved without the agreement of the Chief
Employment Medical Adviser.

Tbe purpase of the present symposium is 10
teview British experience of the environmental,
clinical, epidemiological and pathological effects
of exposure to vinyl chloride 2rising in the course
of polymerization of vinyl chloride monomer to
polyviny! chloride, and 10 exchange information.

The implications of the asseciation of angio-
sarcorna of the liver with exposure of workers to
vinyl chloride monomer have had such a pro-
found efiect on industry, workers and govern-
ments that these effects must be seen in the wider
context of occupationzl] carcinogenesis generally.
I think it is necessary 10 consider what the future
may hold in the way of carcinogenic risks. We
csn, 1 believe, regard the experience we have
gained throughout the world with vinyl chloride
as 3 pilo: study on a rewly discovered occupa-
tional carcinogen. Frank and open discussion
between government departments and both sides
of indus:ry is indispcnsable 10 the achievement of
SUCCESs. | *

Postseripr *
The Working Group on Vinyl Chioride Code of
Practice for Health Precautions mat on 8 Otiober
1975 and adopted a new hygiene standard agreed
by the Working Group ss ‘a ceiling value of
30 ppm and a time weighted average of 10 ppm,
allowing that wherever practicable exposure

- should be brought as near as possible to zero con-

centrations.' The figures of 30 parts/10* and 10
barts/10% replace the originat ﬁgures of 50 parts/10*
and 25 paris/] 08,

Other requitements of the Code, including
medical supervision, arc currently being re-
viewed,
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Yinyl Chloride
ard the Production of PVC

Polymerizarion Charecteristics

of Vinyl Chloride

Vinyl chloride has a boiling point of —13.5°C:
under normal pressures and temperatures it js a
gas. In its liqueSied form under pressure, it can be
readily poivmerized at temperatures in the range
40-70°C 10 give polyvinyl chioride (PVC). a
white solid ma:erial. The addition polymerization
of about $00-1300 molecules of vinyl chloride
produces on¢ molecule of PVC and the poly-
merization reaction is strongly exothermic. The
polymer jrseifl’-is insoiuble in 1he liguid monomer
and so precipitates out as it is produccd. The
polymer is, however, capable of absorbing high
proportions of monomer (405 by weight) so that
as the poh merization redction proceeds and more
polymer is precipitated, so equally is more
monomer abscrbed by the polymer to the point
at about 70%, conversion where monomer as a
separate liquid phase disappears and the remain-
ing monomer must be polymerized in its dis-
solved state within the swollen polymer. As this
phase of the polymerization proceeds, the con-
centration of monomer in the polymer decreases
and the rate of reaction corT respondingly dimin-
ishes until at about 92-85*; 1otal conversion the
spesd of polymerization becomes unecoromically
siow. These are the fundamental characteristics
of vinyl chioride and its polymerization mechan-
ism which decide the principal features of indus-
trizl processes for the praduction of PY'C.
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The Production Process for PVC

Because it must be polymerized in liquefied form
at temperatures above its boiling point, the
industrial process must be carried out in pressure
vessels (at 50°C the vapour pressure of vinyl
chloride is ~~7 atmospheres). Because the reaction
is exothermice, means rmust be found for removal
of the heat produced so that the temperature of
reaction (and thus the pressure, and the properties
of the end-product) may be kept under control.

" In the most widely used process, this control is

achieved by dispersing the liquid monomer into
tiny droplets (about 100 uym in diameter) in ap-
proximately equal quantities of water, by means
of mechanical agitation together with the addition
of small quantities of surface-active agents which
facilitate the breakdown of the monomer into
droplets znd sntabilize it in this forni. This.fine
subdivision of liquid monomer enables the heat
evolved from the polvmerizing monomer to be
rapidly transferred to the surrounding water and
then removed by a cooling jacket on the reactor,
the process being aided by agitation, The sub-
division of the monomer into droplets has also
the vital property of ensuring that the polymer,
which is produced within each droplet, is pre-
sented af the end of the rezction in finely divided,
powder form, .and not as an intractable homy
mass,

As polvmerization proceeds, the two phase
sysiem of monomer dispersed in water becomes a
three phase system of solid polymer precipitated
within liquid monomer droplets which are in turn
dispersed in a continuous water phase. A pgreat
deal of research has been devoted in the past
thirty vears to the control and stabilization of
this rather delicate colioidal system but, even so,
small quantitics of polymer are still thrown out
from it and form a thin continuous film of PVC
on the walls of the reactor. If left, this will in-
crease in thickness and, since PVC is a poor
thermal conductor, will reduce the heat transfer
characteristics of the vessel and make temperature
control impossible. At the end of the reaction it is
therefore essential that this ilm should be cleaned
away. This is one of the basic reasons why a truly
continuous process has never vet been developed
for making PVYC and why the polymer, the world
over, is still made by a batch process in relatively
small reactors. This, as we shall see. has a signifi-
cant influence on the ease of controlling fugitive
monomer ina PVC plant, !

As polymerization nears 90-92%;, conversion,
the rate of reaction slows down markedly and at
about 95°%, coniersion has become so slow as to
be quite uneconomiz. There is no possibility
therefore of continuing polymerization 1o 100°,
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conversion and solving some of_the problems
connected with viny] chloride toxicity in this way.
Al the termination point of the rcaction, there-
fore, the 5=6%; residual monomer (still at a pres-
sure of 45 atmospheres) is vented back to a
gasholder and a slurry of PVC panticles (100-150
pmn diameter), suspended by stirting in water, is
left in the reactor.

Now to a description of the process in engineer-
ing rather than chemical terms: polymerization
is carried out in cylindrical, stirred, jecketed
pressure vessels. To begin, water, surfactive
agents and frec radical catalyst are added 10 the
teaclor; the air space above this liquid phase is
purged of oxygen (which inhibits polvmerization)
and liquid vinyl chloride is tren injected into the
reactor. (In the UK, reactor sizes range from
10m? 10 40m’ and the monomer charge per batch
ranges up 1o abour 15 tons.) The reactor contents
are then heated to and meintained at reaction
temperzture, After a reaction time of the order of
eight hours, excess monomer is vented 1o a gas.
holder (for recyeling) and the reactor is evacuated,
a1 elevated temperature, to strip as much mono-
mer as possible from the polymer on which it
is absorbed. The polymer slurry is then trans-
ferred to closed 1anks prior to the next stage in
the process.

Meanwhile the empty auroclave, which still
contains vinyl chloride gas at a low partial pres.
sure is further evacuaied before opening to
atmosphere, and automatic high pressure water
clesning jcts are activated 1o remove polymer
scale fromsthe walls. At this stage, the cycle is
complete, :

Vinyl chloride monomer has a strong affinity for
PVYC and the last traces of it are difficult to remove
from the polymer; the polyner in the slurry afier
stripping - therefore still contains around 500
parts/10* of vinyl chloride. This slurry is centri-
fuged to remove the water phase and the wer
powder is then dried in continuous driers; during
this process further vinyl chloride is removed in
the drier gases and the final dried powder cur-
rently conrains about 50 parts/10* of monomer.

Interfaces between

Viny! Chloride and People

This description of the production process gives
some indication of the relative potentials of
different pans of the process for creating signifi-
cant exposures of pecple 1o vinyl chloride. If we
tgke a plant capable of making 100 000 tons per
annum (1p2Y of PVC then the pohymerization
building will, during the course of a year, have
handied over 100 000 1ons of vinyl chicride in
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liquefied form under pressurc. Into the drying
section will have passed 50 tons of vinyl chloride
in a form strongly absorbed on the polyrner and at
a8 concentration on polymet of about 0.05%. In
the finished product, 5 tons of vinyl chloride will
jeave the factory, each year, still absorhad on the
polymer at a concentration of 0.005%%. Although
stricily outside the scope of this papr‘ it is worth
procecding further and pointing out that in
further fabrication operations on the polymer,
some of this small residual concentration of
monomer is driven off so that in the fina! fabri-
cated article only ~3 pans/10* of monomer
remain or 0.5 tons out of the original annual
total of 100 000 tons. In fabricated articles which
are used for foodstufis packaging (bottles, film
and foil), and which represent about 1034 of total
UK production, the monomer concentration is
still lower, and the pro rata amount absorbed on
focdstufl containers from a 100000 wpa plant
would be 50 tb. Of this quantity 3¢ 1b might
migrate into the foodstufl where its average con-
centration is unlikely to exceed 10 pants per
thousand million. Since total UK production is
about 400 000 tpa this means that the annual
ingestion by the average UK citizen cannot
exceed 0.0001 g, a figure which agrees well with
calculations based on diet analysis.

A final potential interface arises because at
points in the production process, vinyl chloride is
exhausted to etmosphere. On a typical PVC plant
and with current levels of achievement, 0.3%
of the monomer is lost to atmosphere: with this
pecformance ground level concentrations at the
factory boundary are well below 0.1 parts/10* and
even these low amounts decay very rapidly with
distance.” [n the band 1 mile (0.4-1.6 Lm)

_around one factory, for instance, the concentra-
tions determined are in the range 0.01-0.0001
paris/10°,

These figures should make clear that by far the

bipgest potenml for exposure exists m the poly--

merization section of the plant, since here 100 000
tons per year of & liquefied gas under pressure

. are handled in a confined space, in contrast to

other parts of the process and to the later down-
stream operations of the plastics industry. In
these downstream operanons the corresponding
quantities, this time in the form of absorbed
vapour at a low partial pressure and not confined
to a single geographic situation, range from 5 tons
down to 3 1b per year. That the polymerization
section is in fact the area where hazard has
existed in the past is confirmed by the fact that all
the authenticated cases of vinyl chloride-related
angiosarcona of the liver throughout the world
have been of workers engaged in plants where
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liquid vinyl chloride under pressure was used in
large quantities. .-

The nature of the polymerization process, as
described above, illustrates why exposures in the
past could have been large. The plants are com-

24 of a large number of baich reaciors of small
capacity per batch, relative to the total annual
throughout. In cach reactor, two complete cycles
per day are carried out and each cycle requires
vinyl chloride 10 be injected under pressure,
heated, contained, stirred and polymerized
almost eompletely: at the end of the cycle un-
polymerized monomer has to be removed and the
reacior opened and cleancd. The possibilities of
small leakages from pumps, valves, stirrer glands
and from the opened reactor at the end of the
cyele were obviously significant: and the manual
¢leaning of reactors gave further opportunity for
high exposures. This was particularly true during
the long period in the 1940s to 1960s when vinyl .
chloride was thought to be harmless and when a
recommended exposure limit did not exist or,
Jate in the 19505, was set by regulatory authorities,
industrial hygienists, &¢., at a level of 500 parts/

108,

The general consensus of opinion throughout
the world, today, is that average atmospheric
exposure for polymerization workers between
1940 and 1970 might have been of the following
orders: 1945-55, ~-1000 parts/10%; 195560,
~400-500; 1960-70, ~300-400; mid-1973,
~150; 1975, ~$ pans/l10% Across the world,
there will have been variztions around these
figures beczuse of differences in plant design or
‘process operation. Even the way in which jobs
were organized can have ccused variations, In
some countries or on some plants workmen were
employed specifically to clean out autoclaves
(where .exposures could have been very high) -
while in others autoclave cleaning was part only
of a whole range of jobs carried cut by individual
work .people. Some spokesmen have suggested,
perhaps for full-time~cleaners, exposure levels as
high as Y000 parts/10* m the early days of the
mdustry.

With these very h:gh figures as background, the '

" progress made by the PVC industry in the UK in

reducing atmospheric concentrations since the
carcinogenic hazard of vinyl chloride became
known in early 1974 is shown in Table 1, which
also shows improvements made at all the other
interfaces described earlier in this paper. Al-
though, as we have seen, the exposure levels in
these other places are many orders of magnitude
lower than on the polvmerization plants, industry
has aimed to reduce fugitive vinyl chloride levels
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at every point in order 1o climinate concern
wherever it might exist, With work still in pro-
gress, all these figures will be reduced further
though, in view of the effort already put in, it is
Jikely that the polymerization plant atmospheres
are approaching z limiting value of 2-5 purts/10%,

Table ]
Viay) chioride msamer Jevels in UK indusiry
) Jancary 1974 July 1975
Polymeriration {marext10%) (parrsidir)
VM s plast atmesphere =~ 150 -3
{weekly avernge)
YCM ermussicn - 075 of owiput  0.35{ of output
VOM in product 200300 « 30 far most
rade
Fabrication and Use
YOEM in plant strooepheres 215 <1
VEM in PVC botilas - 50 ~1
YEM in pevenntes [ B .01

Finally a few rough calculations of the daily
dosages at the current exposure Jevels and at the
higher atmospheric levels which previcusly could
have existed on PVC plants may be helpful in
putting current plan: performance and present
downsiream exposures into perspective, one with
another, 2nd in comparison with earlier figures
(Table 2).

Toble 2

Daily dowages at current snd warlier exposure hevahs

Daily dose
{g/Lr bady
wyight)
Polymarizalion plant operator at 1000 pants/it* 034
Folyroensation plant opereior a1 500 paris/100 0.48
Polymnerization plant ofwTatlOr Bow at

-§ paree(10® Loue
Fabricxuon plant operavor st | par/10* 0.0004
Aversge UX Stiasa throuph ingeshion infood  0.000000004

In later papers to this conference, a wide range
of diteases or. sympioms which have been
associated with or attributed to exposure to vinyl
chloride will be discussed. It is imporiant to note
that most, if not all, of these have been contracted
by people who worked under conditions repre-

- sented by the highest figures in the above table.

Today no one is exposed to doses at tifis level. The
exposure of workers in’ industry is now at least
two orders of magnitude lower, while the general
public in the UK absorbs, through foodstuffs, a
quantity which is soroe fifty million times lower,

While the conference will be concentrating
primarily on probiems which have occurred in the
past. 1 hope it may find some time to consider
whether there rernains any possibility of similar
efiects oczurring at the markedly lower - and in
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some areas almost incomprehensibly lower = levels
which prevail today. For it is on this, quite
preperly, that industry, and society generally,
have focused their atiention in the past eighteen
months.

DISCUSIION

De M D Kipling (Employment Afedical Adrisary
Serviee, Birmingham) s3id that it was known that
workers bagging the PYC powder were sometimes
covered with the dust and that this powder contained
8 percentage of vinyl chioride monomer. He asked
whether any information was available on the paricle
size of the dust produeed in differing processes through-
out the world and the incidence of viny} chloride
disease.

Mr A W Barnes replied that the paricls sizes of PVC
powder did vary very widelv, depending on the
application for which the PVC powder was made.
However, most manufacturers produced all grades of
pelyrner so that it was unlikely that any medical
conditions peculiar 1o a particular manufacturing site
could bt explained in terms of the polvmer and its
particie s.22. Moreover, it should be remembered that
all the signiScant medical effects under discussion at
this conference (angiosarcoma, acro-osieolvsis &c)
had, throughout the world, been observed exclusively
in workers on polymerization plants or, in two cases,
plants handiing liquid vinyl chlonde under pressure.

Features cormmon to all these workers were that they
were exposed to vinyl chloride vapour in the aimo~

sphere bu: were not expesed to PVC dust since the

polymer was maintained in aqueous suspension

throughout 1his stage of the process,

It was in the drving and bagging sections of the
PVC-producing process that exposure to solid PYC
particles could arise but, deshite extensive medical
investigation, no significant zbnormalities had been
found among drier opermtars or packers: It was
perhaps worth noting. too, that the greater proportion
of PVC.powder was of a paricle size similar 10 sand
o it did not generally pose an airborne dust problem.
Fer those powders which might cause true dust ex-
posures it had been customary in industry, because of
the nuisance and discomfort factors alone, to provide
sorne form of respiratory protection.

Dr C & Darke (Roye! Infirmary, Sheffield) said that he
had investigated 14 cases of bremhiessness in workers
exposed to vinyl chloride moriomer. ‘The findings were:
no abnormal physical signs: c¢hest radiographs
normal; routine respiratory function tests difficult to
cvaluate but some results slightly below predicted
values, etpecially impaired CO diffusion in 6 indi-
viduals; perfusion and ventilation scans showed
striking abnormalities as illustrated by one slide re.
vealing marked perfusion defects of upper lobes. One
patient underwent open biopsy of each of the three
lobes of the right lung. Histology revealed focal
alveolar wall thickening with macrophages in the
alveolar spaces and insreased reticulin and caollagen

L ren et e AT e i € A DL i o ek i i e = 2 S RN g T b i L R B,

1

CEVEOA g o s

TRRE

RE
Fair
0ne¢
Ay
b
(1%




2

ibly Jower - Jevels
s on this, quite
iociety generally,
the past eighteen

Medical Advisory
it was known that
Jer were sometimes
is powder contained
nonorer. He asked
:lable on the particle
2 processes through-
2 of vinyl chloride

article sizes of PVC
depending on the
powder was made,
>duced all grades of
* that any medical
- manufacturing site
ne polymer and its
be remermbered that
nder discussion at
To-osicolysis &e.)
abserved exclusively
“ts Or, in WO cases,
-ide under pressure.
rkers were that they
apour in the atmo-
PVC dust since the
.GUEOUs suspension
HN Lo
sing tections of the
osure 10 olid PVC
¢ exiensive medical
ormalities had been
ar packers: It was
2 preater proportion
siz¢ similar to sand
bomne dust problem.
czuse true dust ex.
indusmry, beczuse of
ors alone, 10 provide
an.

She/Meld) raid that he
thlessrmess in workers
:r. The findings were:

chest radiegraphs
:tien tests diflieult to
vy below predicied
difusion in 6 indi+
tion ssans showed
ied by one siide re-
s of upper lobes. One
cf each of the three
o revesied focnl
—z4Tophages in the

.::uiin and collzgen

03

T . " . . R o . - -
’ l“ - -yt - - N h— '..'- - - - .,.l‘
P e LR el Pt he . - L ) Y O o

- e ——

23

formation scen on electron microscopy. No obvious
vascular abnormality except omfivorescent examina-
tien. 1t might be of importance that some of the worst
aflected men were concermed in a2 polynerization
process that vielded ‘plastisol, a very fine PVC
powder with particle size around 0.5 um These
particles, containing vinyl ¢chloride monomer. could be
carried to the alveolar walls where tney might be
retained and thus se1 up a reaction of the 1ype seen on
light micrascopy.

Professor 1] Sclikofl (Maunt Sinci School of Medicire,
City University af New York) said that puimonary
abnormalities hzd been unexpeciedty commen findings
among some 1200 vinyl chloride polymerization
workers in his studies. Obstructive pulmonary
function defecis were noted in approximately 50%;.
Neither age nor cigarette smoking served to explain
the findings. For those under age 40, obstructive
findings were predominantly among cigorette smokers,
as expected, Afier thut age, however, the prevalence
of changes was very much the same ameng smokers
and nonsmokers. Of course, age correlated strongly
with duration cf employment. These 1wo factors were
analysed separately and it was found that the changes
were generally among smokers with less than 20 yvears
from onset of exposure, but that thereafter they were
present in both smokers and nonsmokers. Radio-
graphic changes were less common, Overall, 13.3%
of 585 chest fiims showud linear, reticular or nodular
changes characterized us 1/0 or 11 in the ILO UC
Classification. Dyspneea was uncommon and signs or
sympitoms of chroni¢c bronchitis were not siriking
(Millereral. 1975, Miller 1975).

The pathogenesis of these abnormalities was not
clear. 1t was not known, for example, whether they
reflected another biological change associzted with
exposure 10 vinyl chloride monomer, or another
factor. Mr A \W Bamics had noted that manufactered
PVC muizht currently contzin § parts/10¢ of re:zined
vinyl chlofide menomer, as well as other agents adgad
in the polymerization process. Inhalation of such PVC
particles might be associated with adverse efect.
Frongia and his colleagues (1979) had reported
significant histopathological changes in the lungs of
guinea-pigs oposed to PVC powder in a PVC plant.
In the polymerization facilities investigated by
Profcssor Selikofl, there had wsually been opportunity
for PVC dust exposure as well as vinyl chloride
exposure, either by 2 period of work with the polymer
during the employment span andjor as the result of
incomplete separation of the various pans of the
production process. PVC dust was often 10 be found
inseveral pans of the plants,

1t would seemn of interest o study further the in.
fiuence of vinyl chloride and PVC in 1he experimental
animal, 2s well as the pulmonary status of workers
producing vinyl chloride monomer but not exposed 10
PVC during or after the polymerization process.
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Dr K S Williamson ..

(1CI Ltd, Central Meodical Group,
Fulshaw Hall, Wilmslow,
Cheshire, SK9 | QB)

Review of Animal Studies

Since vinyl chloride is a gas at normal temperature
and pressure, inhalation is the important route
of exposure in industry, and most animal studics
have used this method of dosing Many experi-
mental studies have demonstrated the very low
acute toxicity of the compound. The acute in-
halation toxicity was studied by Mastromatteo
et al, (1960), who found that the lethal concentra-
tion for rice, Tats and guinea-pigs exposed for 50
minutes was between 200 and 300 000 parts/10°.
In long-term studies few toxic effects were re-
poned, though Torkelson ¢r al. (1961) found that
inhalation of vinyl chloride resulted in minimal
microscopic changes in the liver and kidneys of
several specics of experimental animals exposed
seven hours a day to 500-200 pars/10* for six-
month periods. No significant changes were
found in any specics exposed to 50 parts/10* for

six months.

In 1971, however, Violu ¢7 al. reported that
while attempting to produce acro-osteolysis in
rats, they had found tumours of the ceruminous
glands, lungs and bones in znimals exposed for 4
hours a day. 5§ davs a weck, for 12 months to
30 000 parts/10* of viny1 chloride. Viola's findings,
which are the exrliest 10 be published describing
the oncogenic effect of vinyl chloride, caused
considerable concern throughout the world and
Yed to further epidemiological and animal studies,
mary of which are sull incomplete. The most
complete series of animal studies available to us

are. those conducted by Maltoni and his co- -

workers (Maltoni 1973, Malioni & Lefemnine
1974). In these experiments groups of ruts were
exposed to viny! chloride vapour concentrations

" ranging from 10 000 to 50 parts/10* for 4 hours a

day, 5 days a week, for 12 months, The-animals
were then maintained for the rest of their lives
unless they beeame ill. Tumours of the cerumi-
nous glands, angiosarcomata of liver and other
organs, nephroblastomata and a variety of other
tumours-were found in animals exposed 10 vinyl
chloride, In animals exposed to %0, 250 and 500
partsi10* the logarithms of the numbers of
animals having angiosarcomata and the rtotal
tumnour-hearing animals are linearly related to the
dose of vinyl chloride, but in animals expoted to
higher concentrarions, this relaticnship is not
found. Tumours have also been found in mics
and hamsters by Maultoni and by Keplinger er a/.
(1975), who reported the findings of angio-
sarcomata and lung adenemata in mice exposed
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by inhalation to 2500, 200 and 50 parts/10* of
viny] chloride. More recently both Maltoni er of.
(1975) and Purchase (1975, personal communica-
tion) and his co-workers have found liver
tumours in rats given high daily oral doses of
vinyl chloride in oil. Neither investigation is
completed yet. Maltoni er o/, dosed Sprague
Dawiley rats daily by gavage at 50, 16.6 and 3.3
mp/kg for 12 months. They reported the occur-
rence of one angiosarcoma of the thymus in the
50 mg/kg group and one angiosarcoma of the
liver in the 16.6 mg'kg proup in an interim
report approximately 13 months afier the start of
the experiment,

Purchase and his co-workers dosed Wistar rats
daily by gavage at 300, 30 and 3 mg/kg for 6
months. Fourteen months from the start of the
experiment, a Jarge proportion of the animals in
the 300 mg'kg group and several of those in the

. 30 mg/kg group have been ‘ound 1o have liver

tumours. Preliminary histocathological work
sucpests that some of these tumours are hepato-
cellular carcinomata, though further work is
necessary before this can be confirmed.

To facilitate comparison between the dosage of
viry! chloride received by the animals in these
very different long-term experiments, T have made
some simple calculations which are presented in
Tables | and 2. These calculated doses make no
allowances for possible differences in the amount
of vinyl chloride retained in inhalation and oral
dosing experiments, and because of their low
inherent accuracy are no more than rough guides
o the doses involved. '

Toble S

Rat inhalation rtudies (data of Malioni)

N eaiiation s 10C el giviinin e é litres hour

% liiras per A-hout exporure period =0.024 m*
Weight of i susumed (o be W0 ¢

Admnual dose
Daily dese {mp) Daily dase (£ g} (daily
Porir}JO8 mplmt (0034 nmpimt) (mglkg) deose x 2350)
500 1% » ] 13
250 a5 15 »n 13
] 128 ) [ 1.5
" Toble2
Rat ere! doning vindies
Daily dose Towml dose
Srady {mgihp) (rika)
Malioni 50 12'g
(80 desey) 16.6 4.00
1) (-5
Purchase 300 e
(125 dores) 3 10
3 04

& rumours found
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It is of some in:erest 10 compare the doses
received by animals in long-term studies with
calculated theoretical dosés for men exposed to
various shift-average concentrations of viayl
chioride 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

Man ot work
Ventilauon » 10 m? air rer E-hour sbily
Weigh: assumed 10 e 70 hp

Annwal Eose
Builr dosr  Daily dase  (glkg) (waily

Parys! 1 mgim® (mp.m* > JO)  (mgke) dose x 250)
300 1250 12500 159 “.6
100 %0 2800 40 Y]
50 12¢ 1290 i1 4
i0 25 230 4 (X ]
1 S =5 0.4 [ R}

Green & Hathway (1975) and Watanabe o7 al.
(1975) have studied’ ths pharmacodvnamics and
metabolism of vinyl chloride wsing *C-labelled
material given by different dosing methods to rats.
Both groups 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 (Table 4),

Table 4

Amaunts of vinyl ehloride metabalised afrer
differing vingie dowes graen oradly in com oil
(Green & Hathuay 197%)

Amount
Percentape  merabolized
Deore (mpllg)  ngisholized (mgihg)
430 Y 1%
300 12 k1
R 46 138
L 24 b .
1 1% 086
023 %) [%-1]

Three principal eliminative routes have been
identified by both groups: expiration of un-
changed vinyl chloride by the lungs, expiration
as CO, by the lungs, and excretion of metabolites
in the urine, The proponion of vinyl chloride
eliminated by these different routes varies with
dose (Table 5).

Table $

Proportion of 1 single aral dosr of vinyd
chioride sliminsted by various mutes
(Green & Hathway 1979)

Deoye Proportion elimingred (5,)

(mgiig) Unchanged Co, Lirine mertabolizes
028 4 12 13

450 92 1 &
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Major metabolites identified in the vrine are:
(1) thiodiglveolic acid; (2) S<{2«chlorethyl)
cysteine =nd N-acety)-5-(2-chlorcthyl) cysteine:
(3) urea. Thiodiglycolic acid is derived from
monochloracetic acid (this can isell be detected
in small 2amounts in the urine) which in turn might
reasonably be supposed to derive from cyclic
chlorethvlene peroxide or epoxide, powerful un.
stable alhylating agents which. though likely to
have a very short life within the body. must hinve
high pctential biological activity. The c¢ystcine
conizining metabolites may be presumed to arise
by the reaction of vinyl chloride with cysteine
derived from glutathione. Since the size of the
glutathione pool may well be limited, vinyl
chloride could cause significant depletion, so
reducing the available protective mechanisms
within the liver cells. \Vatanabe &7 a/, (1975) have
reported progressive depletion of the hepatic non-
protein sulphydryl content (equivalent 10 gluta-
thione in this context) in raits exposed to 1000
and 250 parts/10* vinyl chloride by inhalation.
No such depletion was found following exposure
of rats to 10 parts/10* for 7 hours. Hathway
(1975, personal communication) considers that
the ethyl cystcines themselves may well be
mutagens. Thus work on the metabolism of vinyl
chleride has already bepun to identily several
interesting areas for further investigation.

Though many imporiznt animal studies are
still incomplcte, 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,
The further studies which will be available in the
near future may well help us to define working,
conditions which will not present health hazards
to men exposed to vinyl chloride, and may perhaps
allow us some insight into the fundamental
mechanisms of the oncogenic efiect.
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DISCUSSION

Dr L Magos (M RC Tavicology Unit, Carshulion) said
that the doxe plotted against the Jog of the number of
nalignancies gave a mraight Jine. making it very
difficult 10 draw any conclusion about the thresheld
or no-efTect level, as the zero-cffect level could theoreti-
cally never be reached.

Secondly. Dr Williameon's data on the metabolism
of vinyl chloride depending on dese indicated that at
low exposure levels a high proportion of vinyl
chloride was metabolized and less was exhaled un-
changed. This might mean that increasing exposure
above a certain level would exhaust the biochemical
ability of the organism to conven vinyl chloride 10 a
(;ﬁic nwtxbolite responsible for the carcinogenic
effect.

These considerations indicated that experimenial
data must be interpreied with the utmost care.

Dr H E Stokinger (Toavxicology Brunch, National
Institute for Occupational Safety and Health, Cincinatti,
Chiv} said. in amplification of Dr \Williamson's
remarks on matabolism of viny! chloride, that 1wo
metabolites had been identified in the liver of rats
exposed 1o vinyl chloride: N-acetyl-S-(2-hydroxycthy )
cyvsteine and thiodiglycolic acid. The importance of
knowing the nawre of these endogenously supplicd
moicties was that thev represented free, available sul-

" phydryl (SH) groups that acied as *scavengers® of the

vinyl free radical. thus removing its oncogenic poten-
tial. In 3 series of decreasing exposures of rats the find-
ings were: at 1000 pars/10°%, rapid and complete satu-
ration of available free SH groups (liver): at 200 and
100 parts/10%, fairly rapid sawuration of available free
SH groups; at 50 pars;10%, a plateau of the saturatien
cunve; at 10 pans‘10%, no distutbarce in the amounts
of free SH.

Inferences and conclusions: (1) From the facr that
h=mangiomas occurred in the liver, and not in the
lung (the primary site of entry), it could be inferred
either that Little or no vinyl chioride metabolism 10
free radical oc®urred in the lung, or that there was
ample free SH 10 scavenge the vinyl radical. (2) Most
imporiant, the liver had a built-in aniagonist 10 the
vinyl free radical that provided the basis for a threshold
for the carcinogenic response, in this case a threshold
for an occupational carcinogen demonstrated by a
specific biochemical constituent reaction. This finding
explained the fact that among the tens of thousands of
workers exposed only a small handful ol hemangiomas
had been found. () Finding an onzogenic threshold of
appreciable magnitude (between 50 and 10 pants/10%)
removed concern about general exposure of the public
10 small armounts (see Barnes, p 280) of viny 1 chloride
in PVC plasiic wrappings of foods; the United States
FDA could forget it! () To bolster resictance 10
cfiects of vinyl chloride. vegetables of the Brassica
family should be eaten. Factors reducing free SH
were: eertain indusirial exposures that were detavifiad
by eysteine, ¢.3. brombenzene: subsiances or condi-
tions. e.g. ceriain chronic diseases,
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Clinical Aspects
of Vinyl Chioride Disease

Dr B J Preston,

Dr K Lluyd Jones

and Dr R G Grainger

( Depariments of Radiology and Rheumatology.,
FHarlow V. 'ood Ortivpadic Hospiral,

near Mansfield,

and Depariment af Radiology,

Northern General Hospital,

Sheffeld) .

Acro-osteolysis

The word acro-ostzolysis means dissolution of the
extrernity of a bune and it is applied to the
dista} phalanges of the hands and fcet. There are
many causes, ¢.p. sclerodzrma, psoriasis. hyper-
parzthytoidism. sarcoidosic, ergotism, diabetcs,
tabes, syringomyelhia, familizl and idiopathic
acro-osteolysis. A similar appearance may ocour
as a result of trauma. Recently, acro-osteolysis
of the hands of workmen associated with vinyl
chloride polvmerization processes has been re-
corded by Cordier er al. (1966), Wilson er al,
(1967), Harris & Adams (1967), Dinman &r al,
(1971). and Lange cr al. (1974).

We would like to present the radiolegical
findings in four patients who had been involved
in the production of polyvinyl chloride.
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All patients had the following regions examined
by plain film radiogruphy: hands, fevt, shoulders,
elbows, kpecs, ankles, pelvis. chest, skull, man.
dible and spine. Case 1 (AD) also underwent a
barium swallow, meal and follow-through, angio-
grarhy of the hands and serial films of the hands
at 6 months and 2 years alter presenration, and a
fitm of the pelvis at 2 vears.

Case Reports

Casel

A D presented at the age of 35 years with symptoms of
severe Raynaud's phenomenon, pain in many joints,
trismus, ard thickening and tightness of the skin. He
had been engzged in the polymerizatien processes of
vinyl chiorile for 51 scars. A radiograph of the hands
{Fig 1) showed dissolution of the central parts of all
the terminal phalanges cxcept for e little fingers,
erosion of all the terminal tufis, thinning of the central
parts of all the middle phalanges but particularly
those of the linke fingers where there is extension into
the base, thinning of the middie and Jistal parts of the
proximal phalanges of the ring and hiutle fingers and
erosions with a well-defined sclerotic margin at the
base of the right first meiacarpal and at the tips of
both uinar sixloid processes. In addition, soft tissue
thickening was present ener the wrist and the whole of
the hand. A film of the feet showed acro-osteolyvsis of
the terminal phalanges of both big toes, a large
erosion in the head of the Jeft first mwetatarsa) bone
and small ercsions in the head of the right first
metatarsal bone and the right medial and inteemediate
cunciform bones, The rudiogroph of the pelvis

Fig | Cace | Honds (1.5.73), showing transverse defects in distal phulanpes,

ostealrsis, erosions end safi tissue thichening
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Fig 2 Case ¥ Mandible. revecling marked erosion of
uscending ranii

revenled large erosions around both sacroiliae joints,
at the tips of the greater trochanters and along both
ischial tuberosities. The radiographic suney of the
peripheral joints recorded erosions at the lsieral end
of the left clavicle, left upper humerus, medial and
lateral cpicondyles of the right humeruys, medial
condyles of the left humerus, both ¢lecranon pro-
cesses, inferior parts of the patella. both lateral
femoral condyles and anterior aspects of the tibia,

both medial malieoli and posterior aspect of the lel'l.

calcaneum. )

Films of the mandible (Fig 2) revealed considerable
erosion of both ascending rami. causing marked
thinning of the bone: on the lefi side this extended up-
wards 10 involve the condyle, '

Filmms of the skull and spine and barium swallow,
meal and follow-through examination showed no
abnormalities. .

Monitoring films of the hands.and feet were taken
at six months and 2 yvears afier presentation and these
showed interesting changes. At 6 months, the films of
the hands recorded the following changes: (a) central
defects in the distal phalanges of the little finger; (b)
further osteolysis, panticularly of the bases of the
distal phalanges: (¢) periosteal reaction siong the
proximal phalanges of the left thumb and index
finger, and right ring finger: (d) shortening of the
disial part of the finger. Radiographs of the hands
1aken 2 years afier presentation showed even further
resorption of the bony fragments of the distal pha-
langes. and the proximal {ragments appeared dense
thus suggesting avascular hecrosis.

Scrial films of thwe feet showed extension of the acro-
osteolysis of the big rocs in the first 6-month period
(Fig 3) but on the 2.vear film there appeared to be
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some healing as there was new bone formasion at the
tip of the distal phalanx of the left big toe. However,
the erosion at the head of the right first mewatarsal
bone had progressed in size over the 2.vear period.
The film of the pelvis two vears afier presentation
showed a slight increase in the size of the erosions of
the ischial tuberositics.

In view of the patient’s percistent and increasing
sympioms and signs in the hands. ariericgraphy of the
hands was performed and it was donc under general
anxsthesia. The large vessels were patent but in the
left hand there were occlusions in the digil artery on
the ulnar side of the thumb and radialis indicis
artery of the index finger. and narrowing of the digital
artery on the ulnar side of the little finger. In the right
hand. slight narrowing and tortucsity of the radialis
indicis artery and medial digital artery of the litle
finger was shown. In both hands, hypervasceularity of
the terminal tufts was recorded.

Case? :

F P. aged 38 years, had been engaged for two years in
the manufacture of polyvinyl chloride. Acro-osteclysis
was recorded in both index fingers and the right thumb,
Erosions with a wellcorticated margin were viswalized
at the base of the right first metacarpal bone, medial
epicondyle of the left humerus and inferier poles of
the left patella. Some increase in the soft tissues was
noted and this is best astessed by olserving the region
over the radial and ulnar s1yioid processes.

.Case 3

D D. aged 28 years. had been involved for 2 years in
the processes of polymerization of vinyl ehloride. The
skeletal sunvey revealed no evidence of acro-iteolysis
or any other significant abnormality.

Fig 3 Case 1 Feer, six morihs afier preseniotion
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Care d :

D W, aged & vears, had been worldng at the factory
for five years. The skeletal survey did not show acro-
osteohysis or any other significant abnormality.

-

Discussion

These 4 cases show the wide radiological spectrum
that may be encountered in men complaining of
symptoms which could be related to their work
in the polymerization of vinyl chloride, In Cases
3 and 4, no specific changes were encountered; in
Case 2 only moderate changes were recorded
whilst in Case 1, extensive bony changes were
documented. Indeed, in Case 1. most regions of
the body were involved and a review of the litera-
ture revealed that no previously reported ease had
such extensive bony changes. It has been suggested
that personal idiosyncrasy may be an important
factor in the wide variation of the radiological
findings (Wilson ¢7 al. 1967).

The changes in the mandible in Case 1 have
not been previously described in occupational
acro-osteolvsis but it is inieresting to note that
atrophy of the mandibie in idiepathic and familial
acro-osieolysis has been recorded by Greenbery
& Street (1957), Papavasiliou er al, (1960), and
Cheney (1965).

Ross (1970) staied that the bone changes
regress after the sufferer is removed from the
kzzard but in our Case | the serial films of the
harids, feet and pelvis indicated that the acro-
osteolysis was eatending. Fragmeniztion of the
remaining tufts has been described 2. part of the
hezling stage hy Wilson er al. (1957), but in our
Case | it wag only ina the distai phalunn of the left
big 10e that there was any definite evidence on the
2-vear film to indicate bony regeneration.

The stencses and occlusions of the digital

arieries and increased vasculerity in the pulps of

the fingers recorded on the aneriograms in the
fr=st case have also been reporied by Lange er ol
(1974). Narrowing and occlusions of the digital

_arterics are knewn 1o occur in Raynaud's

phenomenon (Marshall er of. 1966). Certainly,
the disability due to the Raynaud's phenomenon
in our case seemed out of proportion to abnor-
malilies in the vascular tree. Large ¢r al. (1974)
suzgested that the dense vasguiar rete of the
terminal pu'ss of the fingers was due 1o stasis of
contrast in the vessels secondary to the shortening
o7 the phalanges. This may be partly the case but
Laws ¢f of, (1567) have Observed hyperemia of
t=¢ ruips ©F the Bngers in 2 cuse of clubbing due
10 Bronchial carcinema and a similar mechanism
mav apaly in our case, as there is a strong clinical
resemblanie to clubbing.
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DISCUSSION

Dr L Magos said that Dr Prestion’s Case 1 might be
idiopathic acro-osteolssis aggravated by exposure 1o
vinyl chloride. In the two-year tollow-up study Dr
Preston had found improvement in the fingers, which
were usualls involved in occupational vinvl chloride
acro-osteols sis. and deterioration in the pelvis,

Dr B J Preston replied that idiopathic acro-osteolysis
was considered in the differential diagnosis of Case |
but the distribution of the bony abnormalities other
than those in the hands was ditferent from those
recorded in idiopathic acro-osteolysis.

Dr K Llovd Jones added that Dr Preston’s Case [ also
had severe insolvement of the skin by the seleroderma-
like condition seen in vinyi chloride workers together
with evidence of other multisysiem involvement. It
was most unlikely that this combination in a vinyl
chlorids production woarker tautacluve floor worker)
~ould B due to idiopathic acro~-oateoh sis. It was not
considered reasonable 1o submit thiy patient 1o biopsy
of the defects in the distal phalanges, Biopsy of the
lesion in the mandible had bee unrewarding. He was
emploved as a2 production wer. 2z in a PVC plant and
had never been exposed 10 +.-ration or the use of
power tools.

Dr Anne E Walker
(Royal Hospital.
Chesterficld, Derbyshire)

Clinical Aspeets of Vinyl

Chloride Discase: Skin

Industrial acro-osieolysis, a triad of Raynaud's
phenomenon, scleradermatous shin chinge and
Iytic bone lesions, has been well documented as
occurring in workers enpaged in the poly-
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metization of vinyl chloride monomer (VCM) to
polyvinyl chloride (PVC). Medical surveys of
large numbers of employecs have shown an
incidence of approximately 3% (Wilson et al.
1967, Dinman e/ al. 1971). Both these studies aiso
suggested that the disorder was largely confined
to reacior cleaners,

In 1974 Lange e al. described a more general-
ized disorder aflecting men engaged in the manu-
facture of PYC. They observed splenomegaly,
thrombocytopenia, liver damage and impaired
respiratory funciion, and these changes ocenrred
both in the presence and absence of clinical and
radiological evidence of acro-osteolysis.

Clinical Study )
In February 1974 I saw one¢ man with severe
Raynaud's phenomenon, minimal bone changes
in the fingers but no evidence of scleroderma. He
was employed as a reactor operator at a local
firm which manufactures PVC, Between February
1974 and February 1975, 36 of the men emploved
al this plant were referred with symptoms thought
to be due to exposure 10 VCM.,

The study covers 37 men aged berween 26 and
59 years (average 40 years 2 months). Length of
employment at the plant ranged from 9 months
to 51 years (average 2 vears $ months). Thirty

workers had at some rime been reactor operators,

4 were maintenance men, 2 worked as *baggers’
and ] was a warehouseman,

The presenting symptoms are shown in Table 1.
The commonest complaint was of excessive
fatigue: men claimed to be excessively fatigued
after minimal exertion and also reported somno-
lence. Coldness of the hands was also a frequent
complaint,

Obviously these subjective symptoms were
difficult 10 evaluaté or measurc. However, one
feature was noteworthy: 36 of the 37 stated that
on at least one-occasion they had felt overcome
by the vinyl chloride fumes, describing them-
selves variously as ‘unsteady’, ‘slightly drunk’ and

Table ]

Provanting rymptoms in 37 men
Symprom No. gf varrs
Cold hands 2
Parmsthesiz 16
Irmpaired grip power 18
Cold feer 16
Aches in bones bai]
Aches in muscla 15
Dy»pnera 17
Excmtive fatigoe n
Lens ol hitide 13

-
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‘rubbery-legged’, and this suggested that the men
had been intermittently exposed 10 very high
levels of VCM, which in experimental studies
produces anxsthesiz.. These sympioms were most
frequently experienced when men were hosing
down the reactors during emptying, but also by
men when inside clexning the emply reacior, and
by maintenance men when unblocking pipes
carrying VOM,

"None of the 37 men had evidence of sclero-
dermatous skin change. Onc man previcusly
employed at the plant had exiensive sciero-
dermatous skin change affecting the hands, fore-
arms, face, trunk, thighs and dorsumn of the feet;
additionally he had exiensive lytic lesions of the
bones, phalanges, feet, pelvis and jaw (K Lloyd-
Jones, personal communication). In & men there
was clinical evidence of Raynaud's phenomenon;
in 2 it was a8 marked feature, with rapidly occur-
ring colour changes from blue black 1o blanched
white 10 a flushed pink. Individual fingers on the
same hand might show a different colour change
at any one time; on one occasion I observed a
harlequin effect: the indes finger was blanched
white on the radial side and bluc black on the
ulnar side. Eight other men described symptoms
of Rayvnaud’s phenomenon but at examination
only had rather cold hands. Coldnass of the fest
was a common complaint, but difficult to evaluate
clinically.

During the Jast year 4 men have shown some
thickening of the skin with limitation of extension
of the fingers and mild *clawing’ of the hands,
These changes become more marked when the
hands are cold.

Of the 37, 4 developed a curious swelling of the
face, larpely periorbital &nd tending to improve in
warmer conditions; the swelling was firm, and
suggestive of sclercederna rather than scieroderma.

Skin biopsies were obtained from the dorsum
of the hand in 15 men The epidermis and
adnexal structures showed no abnormality. In the
dermis there was some destruction of elastic
tissue, but it was probably a normal age change.
In one man with severe Raynaud's phenomenon
the dermal arteries showed some medial thicken-
ing.

Arteriography of the brachial arteries was
carried out on 4 men. In the one man with severe
sclerodermatous skin change the digital vessels
in all the fingers were almost totally occluded. In
the orther 3 men there was patchy occlusion of the
digital vessels, mainly in the ring and little
fingers.
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Blood flow measurements assessing total finger
blood flow and capillary flow were performed on
2 small number of men. In 5 men capillary flow
fell abnormally on cooling and was slower in
returning to normal on rewarming. In 3 men total
finger blood flow was also abnormaily reduced
on cooling and slower 1o return to normal.

Immunological studies have shown a high Jevel
of cryoprecipitate in the symptomatically affected
men (A Milford Ward). .

Discutsion

In the survey of 37 men, of whom at least 36
appeared to have been exposed to high levels of
vinyl chloride monomer on at least one occasion,
sclerodermatous skin change was not observed.
However, 5 had severe Raynaud's phenomenon
and at least 5 others had abnormally cold hands
which interfered with their normal dexterity.
These circulatory changes are cnly a part of a
generalized disorder which may result in dyspnesa,
cramp-like pains in the Jimbs, parasthesia, exces-
sive fatigue and, in soms cases, impaired liver
function. The syTptoms may be severe enough to
limit normal activity and may occur without
changes in the hands.

The relative sparsity of cliniczl change in the
skin or evidence of pathology on biopsy contrasts
with the marked sclerodermatous and plaque-like
changes describad by athers (Cordier er al. 1966,
Harris & Adams 1967, Wilson er al. 1967).
Perhaps the early recognition and removal from
exposure prevented more severe skin change in
the men under observation. Most of the above
authors observed improvement in the sclero-
dermatous skin chznge on preventing further
exposure. However, in one case described by
Harris the skin chiznge appeared 1o resolve
spontaneously whiist the man continued working.

In my series there has been little improvernent
in the vascular signs during the period of ob-

_servation, and this is in accord with the findings

of others (Adams 1974, personal communication
and M N Johnson 1975, personal cormmunica-
tion). . However, Suciu describes the disappear-
ance of Raynaud's phenomenon within ore year
(Suciu er al. 1963). In two instances cervical
sympathectomy is recorded 2s producing clinical
improvermnent (Tazkouchi & Mabuchi 1973,
Markowitz et al. 1972).

At the preseg? time it is not known whether
the peripheral vascular disorder is directly
related to the presencz of circulzting immune
comnlexes or to seme other zlterction in the
sensitivity of the vesszls to eaxposure to cold.
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pICUSIoN '

Dr Leo Dijerassi (Department of Qccupationsl Med:-

cine, Haifa, Iseae!) s2id that in one patient in his series
the presenting syndrome of vinyl chloride disease was
2 pale moonlike {ace. This pamicular npe of sclere-
dema (not scleroderma) had already persisted for five
years after exposure had ceased.

In one case of sclerodermaike syndrome a skin
biopsy showed no change in elastic or Shrows tissue
but several areas of perivascular infilirazion, smrall
round nuclear cells, mostly hymphocytes and larger
monohuclear elements,

In one case of Raynaud-like phenomenon whizh
started about eight monihs afier initial exposure, the
rmanifestations usually appeared two or three hours
after work began, and the full-blown phencmenon
could be observed on the shop fioor. This same patient
left the faztory bemavse of Joss of libido, and Dr
Djerassi wondered whether this was an immediate
wransient complaint due 10 the narcotic effest of vinyl
chloride monomer, or a prolonged disturbanee con-
nected with the vinyl chloride disease as stated by
Dr Anne Walker.

Dr Anne Walker. in reply, said that the scieredema-
like change obsernved in 4 of the men varied consider-
ably from day to day but in two men had persisted for
atJeast eighteen months after the last exposure.

1n 15 biopsies from 13 patients an excess of inflam-
matory cells in 2 perivascular distribution were present
in 4 of the specimens. The exlls were largely lympho-

Loss of libido was the presenting complaint in one
patient and had persisted since the man left the firm
approdmately three years ago. In 3 of the workers
complaining of impotence, urinary excretion of andro-
sterone and dihydroepiandrosterone were very low.
These measurements were made  approximately
twelve months after the last exposure (o viny] chioride.

Dr Mareus M Key (University of Texar School of
Futlic Healtk, Houston, Texas) asked if bagzers and

warehousernen had previously worked as reactor
cleaners.

Dr Anne Walker replied that they had not Usually
men started as baggers and later beczme rezcior
operatives and cleasners. The one warehousemzn had

~
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never been 1n a reactor. One of the baggers had spent
an initial tr3ining period as & reactor cleaner but had
felt nauseated whilst in the reactor. After the first two
weeks he had worked entirely in the dry building for
four sears. The other bagger was an epileptic and had
never been in a reactor.

Dt Premysl \' Pelnar (Montreol. Canada) asked what
blood flum micasurements were done ?

Dr Aaone Walker szid that blood flow measuremnents
were made on 10 men. The subjecis were kept in an
ambicnt temperature of 27°C for one hour, then the
room was cooled 1o 10°C for the next hour and finally
the room emperature was raised 1o 275C for the fina)
hour.

During the three hours total finger flow in the index
finger was measured by means of a plethysmograph
and expillary flow in the middle finper by elecirical
impedance. Additionally, the skin temperature on the
back of the hand was measured,

Dr A Milford Ward
(Lepartn:ent af Imnmumnology, Hallamshire
Hospital Aledicol School, Siiefiicld, S10 2RX')

Evidence of an Immune Complex Disorder

in Viny] Chioride \Workers

The occurrence of Ravnaud's phenomenon and
loss of bone density in association with dermal
thickening which constitutes the syndrome of
acro-osteolysis (AOL) has been recognized in the
vinyl ¢hloride industry since the mid 1950s, but
the overall frequency of the syndrome has been
low and no serics has ¢ been subjected to thorough
immunolegical investigation. Recent studies have
indicated thar the disease process is not conlined
to the skin and skeletal tissues, but is a multi-
sysiem onc with involvement of many organs and
tissyes.

Immunological and immunochemical investiga.
tion' of 58 workers from a single fuctory has
revealed evidence of a chronic soluble complex
disorder in 21 individuals. The extent and severity
of the immunological abnormalitics parallels the
clinical features to a large extent, but some indivi-
duals show laboratory evidence of an active
disease process at a stage when the clinical
feaxtures zre minimal or absent. Circulaling
immune complexes were demonstrated in 9 owt
of 10 individuals who were severely affected
clipicalty; in 7 our of 135 individuals who were
syImptomatic to a degree that they were jncapable
of acihe employment; and in § out of 28 indivi-
duals who were sympiematic but able to work.
Immune compiexes were not detected in §
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individuais from the factory who were completely
asymplomatic,

The major features of the disorder include hy-
perimrunogiobulinzmiz, cryogzlobulingmia and
envofibrinogen®emia. and in vivo complement
activation via the classic pathway with C4 and C3
conversion. There is, in addition, evidenze for a
reduced T cell population, with low spontaneous
sheep cell roserte counts, and an increased Becoll
populition, as evidenced by an absoiute increase
in hmphocytes showing membrane bound
immunoglobulins. The total lymphocite counts
are usually normal or slightly increased. Some
patients show non-organ-specific antitissue 2ni-
bodies of low titre but rheumatoid factor is
universally negative,

Immur.ofluorescent  examination of biopsy
material from skin (8 patients), muscls (1 patient)
and lung (1 patient) has shown k2 presence of
circulating immune complexes, wizh deposition
on vascular endothelium and occlusion of small
vessels, In those vessels which show subintimal
proliferation and luminal ocdlusion. immuno-
globtulin, complement and fibrinogen are present
in the subintimal regions of the vesse] wall,

Experimental evidence on the metabolism of
vinyl chloride suggests that at least part may be
taken up by the liver and become incorporated
into aminoacid synihesis. The incorporation of
the chloride radical into protein symthesis could
result in & structurally abnormal protein which
would react as antigenically “foreign® material.

The association of these experimental data
with the observed immunological profile allows
the construction of a theoretical model of the
disease process. The initiating segquence is at
present speculative and remains 10 be proven by
furiher study, but the Jater sequence of events can
be adequately explained by the immunclogical
abnormalities. Structurally abnormal or anti-
genically *foreign’ protein escapes tolerance and
incites an immune response with B-cell prolifera-
tionand hyperimmunoglobulinzmiz. The immune
complex formed by interaction of the antigen and
antibody is cryoprecipitable and will activate the
complernent sequence. The crvoprecipitate and
the reactions secondary to complement activation
will produce vascular occlusion and fibrinogen/!
fibrin conversion and polymerization.

The frequency with which abnor—alities have
been detected in this series, especially in that
gTeup in whermn there were no evert ¢hinics! signs,
suggests that the discase process miay be more
common than generally supposed. The iheoretis
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cal. and at present speculative, initialing segquence
of reactions in this discase process also ramses the
question whether other unsaturated halegenated
hydrocarbons may also be involved in a similar
chain of events.

Further studies are in progress in an attempt
to clerify the initiating rezction sequence and to
define the precise relstionship betwesn vinyl
chloride and the observed immunological anoma-
lies. -

DISCLSSION

Dr Leo Djerassi said that fany liver might be the early
histologicul change in liver caused by vinyl chloride,
In one of his cases which bepan with splenomegaly,
liver biopsy showed a fatty liver, The patient did not
consume alcohol habitually. The finding was not
surprising, as chlorinated hydrocarbons were known
10 cause {atty liver, The clinical development of this
case bringsy us 10 the evidence of immunolugical
phenomena in those exposed to vinyl chleride, and 10
the possibility of another target organ - the spleen.
Splenomegaly was the first deviation in this case, and
increased  progressively. Hypersplenism  followed.
Splencctomy and splenorenal shunt were indicaied
because of asophageal bleeding. The patient’s condi-
tion improved sufficiently 1o enable him 10 work full
tlime on 3 nonsirenuous job.

Professor Murgaret Tumer-\WWaewick (Cardiothoracic
Institute, Browpion Horpital., Loudon S3¥73) asked
what was the cause of the T cell Jepression mensioned,
and whether the spontanecus sheep rosstte T cell
counts were confirmed by other in virro tests such as
PHA, transformaticn.

Was there evidence whether C3 conversion was
tigrered by the classical ar by the aliernative path-
way?

Was evidence found of immune complex deposition
in capiliaries of the skin and lung as wcll as in the
latger vessels mentioned ?

Dr A Milford Ward replied that the zause of the T eel}
depressicn was not clear, but it was a fexture often
seen in circuiating immune complex disorders and in
autaimmune states, The low roseute counts were
panizlty confirmed by a mild depression of the PHA
reactivity of the peripheral bioed lymphocytes.

Complemnent activation in vinyl chloride disease was
by the classic pathway with conversion of C4 as well
as C3, as would be expecied with IgG class antibody
directed against the antigenic groupings.

Immune complex depasition was found in capil-
laries and small vessels in skin, musele and Jung.

Dr L Magos zaid he would like to see the patients
classified by grade, since it was alwavs frustrating 10
sead of ‘severely affected’ people without knowing
what “severely affected’ meant. The grading could be
based on degree of splenomegaly, acro-osteolysis,
scleroderma &¢.
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Dr A Milford Ward rephed that the classificatien used
in this study was a clinical one, bised on history,
physical examinauon. and an  assewsment of the
patient’s abilny w0 continue his employment. V:
therelore included such aspects as splenomegal |
acro-osteolysis, and scleroderma. ™~

Dr E Vigliani (Milen, frelv) asked w hather the presence
of B and T in the tissucs could be deiecied by im-
munofluorescence.

Dr A Milford Ward replied that lymphoreticutar
tissue was not examined histologically or immuno-
logicatly 50 the presence of T and B cells could not
be aswessed in vissves. T and B cell counts were per-
formed on peripheral blood,

Dr Ruth Lilis {Afounr Sinai School of Mcdicine, New
York) asked wheither immune complexes were found
in the kidncy. There were in the literature a number of
csscs of Goodpasiure’s syndronic in persons exposed
to chlorinated hyvdrocarbans,

Dr A Milford Ward said that renzl tissue was not
examined. None of the patients showed clinical
evidence of renal discase, and it was not considercd
cthically justified to biopsy the kidney in the absence of
proimnuria  or hemwatutia. Antibodies o renal
giomerular basement membrane were not detocted,

Dr1F H Purchase, Mr C Richardson

and Dr D Anderson

(1C1 Certral Toxicology Laboratory,
Alderley Park, near Macclesficld, Cheshire)

Chramosomal Effccts

in Periphera! Lymphocytes )
Vinyl chloride produces liver tumours.in animals
¢exposed by inhalation (Mahkenai & Lefemine
1974) or dosed by the oral route {(Maltoni ¢ al,
1975, Purchase 1975, unpublished). Epidemio-
logical  studies demonstrated that workmen
exposed 10 vinyl chioride had an increased risk
of developing cenain tumours, panicularly
hepatic angivsarcomas (Crecch & Johnson 1974).
In common with other carcinogenic chemicals,
such as benrene, recent studies have demonstrated
that worknien exposed to vinyl chloride have an
increase in the percentage of lymphocytes with
chromosomal abnormalities (Funes-Cravioto ef
al. 1975, Ducatman ¢t al. 1975, Purchase et al.
1975). Studies of this type carried out on lympho~
cytes recovered from peripheral blood provide an
easy clinically applicable method of assessing
damage to living cells caused by carcinogenic
chernicals. If there is a quantitative relztionship
betwesn the percentage of chromesome abnot-
malities and the amount of exposure 1o the chemi-
cal, the estimation of chromosome abnormalities
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may provide a ueelul tool for determining Jevels
of exposure which do not produce this munagenic
effect.

We have studied a population of 80 workers
including exposed workers, nonexposed workers
from the same industrial site, and nonexposed
control subjects from another environment. The
exposed population has been divided into groups
based on the npe of work curried out: Group |
are autnclave operators: Group 2 are imnzintenance
workers who have worked in the polymerization
plant; Group 3 are those who work in polyvinyl
chloride (PVC) production but not with avto-
claves; Group 4 are maintenance workers in the
same area as Group 3. It is virtually impossible to
define exposure of these groups of werkers 10
VCM apart from saying thar the autoclave
workers have the highest exposure and Groups 3
and 4 the lowest, One worker, who was emploved
as an autoclive worker for 11 svears and sub-
sequently as a maintenance worker for 14 years,
has been included in Group 1,

Blood sainples were taken and lymphocyte
cultures were prepared using standard Difco kits
(Difco Laboratories, Detroit, Michigan, USA).
Lymphocytes were cultured for 48 or 72 hours.
All slides were coded before scoring, to ensure
unbiased analysis. One hundred cells per indi-
vidual were analvsed (except for one individuzl
where 200 cells were analysed). using the classifi-
cation of Buckion & Pike (1964). Workers who
had been exposed to X-rays or prolonged drug
treatment w ere excluded from the study.

The results of the chromosome analysis are
given in Table 1. All individuals were found 10
have normal male karvotype, except for one who
had a 46, XY karyotype with inversion of No. 3

chtomosame. There was no significant difference”

between <3- and 72-hour cultures so these data
have besn pooled.

When the percentage of B and C cells in various
groups is compared. it is seen that Groups I and 2
had higher percentiges than Group 3 and the
control group. The difierence berween the com-
bined results from the exposed groups and the
control group is statistically significant, These
results confirm the findings of Funes-Cravioto

Table 1

Rerulis from anelrves of ¢h : in warkers
amployvd ia PV C manulacture (B and € cclls classified
according o Buchton & Pike 1964)

. .y
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€1 al. (1975) and Ducaiman e al. (1975) that
worimen exposed to vinyl chloride have ar in-
creased pereentage of chromosomal abnormalities.
There is also sonw incomplete evidence that
higher exposure resvits in larger increases in
abnormalities. This relationship still requires to
be studied in more detail.

The induction of chromosomal zbnormalities is
indicaiive of a mutagenic effect of vinyl chloride.
It is important to know whether vinyi chloride is
capable of inducing mutagenic effects in cther
test systerns ond particularly wherther such an
effect is produced on germ cells. Accordinzly
viny! chloride was cxamined for deminant Jethal
effects in mice. Groups of 15 male mice were
exposed to 3000, 10000 or 30000 pans/I0¢ of
vinyl chloride for 6 hours per day fer § consccu-

tive days. Exch male was mated with 2 virgin
females per week for 8 weeks and the females
were killed at 13 days and examined for dominant
lethal effects. There was no significant increase in
any of the parameters (early deaths per implania«
tion, early deaths per pregnancy). Vinyl chloride,
therefore, did not produce dominant lethal effects
in mice, indicating that it did not produce a
;'nutagcnic effect in germ cells even art these high
evels.
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DISCUSSION
Dr Syivia D Lawler (Royal Marsden Ho:pual London

‘-:u-

SW3) asked were the chromosome breaks distri- .

buted at random? Was a banding technique used?
Were the people who actually had sympioms separated
out? Genctic cfiects on human gonads were not
absolutely excluded by negative results in a dominant
lethal experiment in mice. Was there any evidence of
lower fertility ?

Dr 1 F H Purchase replied that the chremosome

No.of . ",‘,:)‘ s C/‘:;‘-'"" f{’c“”’ breaks were distributed randomly. No banding tech-
Groun t " :’4' (‘ 7 o nique was used. The people sclected 10 take part in the
Grovp2 2 a9 1.48 0.30 study were randomly selected and had not been
Group 3 H &6 1.20 0.20 separzted into these with and withous symptoms. The
Greupd 13 ;: ne a4t only evidence that had been produced experimmentally
ot o e 8 ¥ M o suggested that penetic effecis did not oscur in the
conzds and no ¢ifect on fertility was seen,
ucce
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Dr L de Boer (The Hogue, NetherlandsT said that Mrs |
Fieig had reported (Medichem Conference on Chromo-
some Aberrations. Milan, October 1875, in press) on
chromosome siudies in which there were not more

- abnormalities in the exposed group compared with a
control group.

Dr 1 F H Purchase said tha! his was the third study
which had described such abnormalities. .the other
being those by Funes-Cravioio er al. (1975, Lancet |,
459) and Ducarman er al. (1975, Mumation Resecreh
31, 163).

Dr D G Swith (Zerelir Lid, Dlewarth, Middlesex)
asked whether Dr Purchase’s resulis showed a
statistically significant difference between categorics
14 of exposed workers, ie. those working on the
amoclave (1 and 2) and those away {rom the zutoclave
(3 and 4), assuminyg that the autoclave area was the
one of maxirum expesure.

Dr I F H Purchase replied that there was a statistically
significant difzrence between the results from auto-
clave workers and controls, and Metween the results
from all exposed workers and controls.

Dr KJ W Taylor
(Depariment of Diagriostic Radiology.
Yale University Schoel of Medicine,
New Haven, Connertical, USA),
Dr J J Barrett
‘(Department of Nuclegr AMedicine,
King's Collcge Hospital, London SES),
Dr D MJ Williams .
(BP Chemicals Internotional Ltd,
Sullx, Penarth, South Glamorgan),
Dr P M Smith
(Depariment of Medicine.,
i'vlsh Narional School of Medicine,
Llondough Hospital, Penarth, South Glamorgan),
and Dre B W Duck
(Oceupational Health Unit,
BP Research Centre,
Sunbury on Thames)

Preliminary Results of Grey-scale Ultrasonography
in the Detection of Viny) Chloride Related

Liver and Splecn Disease

A number of cases of angiosarcoma of the liver in
workers exposed to vinyl chloride monomer
(VCM) led 1o the recognition of the potential
hezurds of such exposure (Creech & Johnson
1974, Block 1974, Lee & Harry 1974). To date,
there are only 47 such cases described in world
literature, 20 angivsarcoma can be regarded as a
rare manifestation of VCM toxigity, However,
less dramatic changes including periportal fibro-
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sis. portal hyperiension, esophageal varices and
splenomegaly may be common resalis of VCM
toxicity (Marsteller ¢f af. 1973, Smith & Williams
1974, Makk er al. 1974, Thomus 1 al. 1975,
Lange era/. 1974),

In view of these adverse reports, a survey was
underraken of 487 workers with varying exposures
to VCM by twa of the authors (Williams er a/.
1975). Full blood pictures were obuained and
standard liver function tests were done. Two
patienis identificd by a thrombocyiopenia of
72000 and 45000 mm¥, and slightly raised
G-giutamyl transpentidase G-GT levels. were
subsequently found 1o have periportal fibrosis,
porial hymertension, splenomegaly and @sopha~
geal varices on barium swallow, plain abdominal
radiogruphy, spicnic venography and needie
biapsy of liver.

1t was clezrly unaccepiable to carry out these
invasive invesiigations on all exposed workers,
but the less invasive techniques seemed relatively
insensitive, Thus, a pilor project was carvied out to
asceriain whether ultrasound ofiered a possible
noninvasive method for visualizing the liver and
spleen in workers exposed 15 hepatotoxic agents.
Initial resuhts proved encouraging (Tavior et al.
1975, Williams er al. 1976).

Although ultrasound has been vsed as a Jdiag-
nostic 1ool in obsictrics for many years, the instru-
mentation:e was comparatively erude since the
relevant echoes to be displayed were of large
megnitude and did not require sophisticated
instrumentation. Kossoff (1974 developed greatly
improved eguipment which was clinically applied
1o abstetrics, the eve, breast and thyroid. Using
similar instrumentation, the technique was evalu-
ated for the invesiigation of liver and splenic
pathology (Taylor er al. 1973, Taylor & Milan
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Fip 2 Parasaginal scan of liver 2 ¢em to ripht of
rugiine showing normal liver consistieacy, portal vein
and inferior vena cava. ( Reproduced front
Taytoretal. 1975, by kind permissior)

1976). This 1echnical development was called
grey-scale ulirasound, and 1the major difference
beiween this and older instrumentation is the
ability to display the normal tissue parenchyma.
Thus, whereas the liver was previously found to
be a relatively echo-free arca in which only con-
tour and size could be distinguished, the display
of the normal parenchyma allowed diffuse patho-
logy 10 be recognized due 10 2n abnormal pattern,
Small space-occupving lesions appear now as
small defects of the normal parenchyma,

The liver is scanned in a series of paramedian
sections illustruted in the schema shown in Fig 1.
The resulting uitrasound scan is shown in Fig 2.
Uhirasound is a fast means of acquiting data.
Using this single pass wechnigue through the liver

Table 1 N

Duration snd levels of VOM eapasures (from Willizma et o, 1976)
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Fig X Parcsapirtz! section of liver from poticn: with
vinyl ehloridi—relcied portal hypertonsion. The portcl
vein is Jilazed ora ivighly 1oriuous. Noic that there are
verylcrpe echnes from the decp surfuce of the liver
which is consistest with copsulor Shrosis (arrowes).
(Reproduced from Tayloretal. 19735, by kind permissior)

as shown in the diagram, good resolution is
obtained without degridation by respiratory or
cardiac excursions. This ultrasound technigue
involves no ionizing radiation nor other known
kazards, no discomfor, and no need for conirast
media. 1t does require considerable operator
expertise and high quality instrumnentation, which
his only recent!y become commercially avpilable,
Machines which do not display the consistency
of the liver are unsuiied for examinziion of it.
Nineteen volunteers were sclected from the
fuctory workforce, with varving exposures 1o
vinyl chloride monomer which are summarized in
Tahle 1. Only 2 patients had no exposure ar ali,
but 7 were norma! on standard testing (Tuble 2).

Cans:and ¢ xpasure Inievmutteny e xposure
Care Agre Low Medium  High Law Atedum  High )
1 41  (Noexponure) (N eapoaure) o e
2 40 (Noexposure) . (N0 exposure) - T
3 32 . 6y 4m |y m R : -,
4 . 43 _ oty Im " 18y 4m
- | 1 10m. 10 *m 3y 'm - A
[ 43 3y bm Jy 4m  lyl0m .. . D s e e, T e
7 36 2y Im &y 4m 10m o . ol
47 Ty 5m &y 6m 3y 4m . .
9 0 fy 9m 2y Fm
10 4 2y &tm Im Sy Im
1 6 1%y ¢m 1y &m im
12 3 I
13 4] Ay 10m ¥y dm
14 42 6y &m 3 Im
1% 20 im Iy $m iyttm Gy Im
16 53 12y °m 14y Im
17 3 f 6&m M *m
1} 43 7y 4dm 3 &m 1y im
19 46 Ty oy Sm Iy <m
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The ultrasound examinations were curried out
by the scme operator (KIWT), who had no know-
ledge of the results of the screening tests carried
out at that time nor of the expasure of any par-
ticular worker. Abnormal findings included in.
creased size and tortuosity of the pertal wein
associated with porial hypertension, probable
apsular fibrosis (Fig 3) and splenomegaly (Fig 4).

The results of routine screening and ultrasound
are shown and compared in Table 2. Routine
screening consisted of cliniczal examination, full
blood picture, urinalysis and standard liver
function tests. Repeated abnormality in any in-
vestigation led to further investigation including

Table 2

Compariten of sbnormalities detected by tiandard methads
and by ultrassaography (from Woliams #rul. 1576}

barium swallow, plain abdominal radiography,

Care
H

L e v

-

Standary methods
Normal

Normal

Normal

Liver 6 cm enlarped

Norma)
Norma)

Morma)
Normal

Alxaiing phosphavase
gl

Wedge liver biopay: portal
tract Abrowis 1n pluces
TXIENding 1RO parenchyma
Bilirubin 31 umael)

SGOT 60 iuft

Naadle liver biopsy: alight
fibrosis and faty shange
$GOT 60iu1.GGT ¥5iv/L,
Newdis liver biopsy:
mwderaie (atty degenersiion

" and mild ponal Abrous

Paeiets 106 000/mm®

SGFT 62 iu/l. Neadla
Lrexr biopsy: fatty change

SGOT 60 iuft
wGT 59 A :
Bilirubin 21 umolnt, GGT

varcg, pariporial Abrous
GGT 82 iull, plarekts

4% (djmm’, BSP 19%
(45 minj. Splrnomegaly,
axophagezl vance. Fairy
degoneration with mitimal
reeriportal hbrows
Rilircon 43 moll,

SGOT 20iufl, plartiets
10000 mem®. BSP 21 %
(45 mir). Sokenomesaly.
(Puracava) shunt 1968)

&6 iuil, platelews $9 000/mm®.
Cmi A 2l

Liltrasenag ranhy

Normal

Nermal

Normal

Shighthy enlargesd liver

but normal consistency
Nerma?

Technicalty difficult (obenity).
Enizrped porta) vein.

2074 increast in spheen siax
Enlarged poral vein,
splenemegaly (12 em)
Enlarged liver with a degres
of abrarmal fibrosis

Porta’ vein not showh.
Splaen 1w ke pormal size.
Liver conuistency

slightly abnormal

Enlarged liver with
fonaible futty inbhiration

Poral vein slightly enlarged.
Maried splenomegaly (18 em),
Liver 1a:ameally difteculf (O sae
Notmal

PFortal wvein and sphmn
nermal, Liver gifficult
10 sk (Obusity)

Large parial vein and

splaen (12 em), Liver eninrged,
slight change in consisieacy
Ponal vain and spieen
normal, but poutible cirratic
changs in liver

Normal

Maried milergement of porial
win and spleen, Slight change
in liver comistency

Splennmegaly. Marked
cirthoue changes
and fatry infilyration

Marked splesomegaly and
WLETE CitThow

M y——— Y i N '8 B
-

o

Fig 4 Ultrasonopram of spleen scanned along tenth
leftimerspace. When the splecn is enlarged due to
porial kypertension, low-level cchoes are returned and
soanpear darx. The grid squares are 2 em epaort, and ike
spleen is thus 17 cm inlength, TEis enlargement was not
apparent on & plain eddomiral radiograph

asophagoscopy, splenic venogrephy and liver
biopsy.

Comparison of the results of ultrasound and
routine methods in Table 2 gshows that known
patholegy in Cases 4. 9, 10, 11, 14, 15 and 17-19
were confirmed on ultrasound examination.
Cases 1, 2, 3 and § were confitmed to be normal.
Cases 12 and 13 were known to have liver abnor-
maiity on histological examination but this was
not detected by ultrasound examinalion. How-
ever, additiona) information was obtained by
ultrasound in Cases 6, 7, 9 and 1), In all these
workers, the ultrasound findings led 1o a review
of the radiological results and these are sum-
marized in Table 3. The ulitesound resulis were
confirmed in 3 patienis and were not contradicted
in Case 6, in whom obesity prevented adequate
assesstaent of spleen size oa a plain abdominal
radiograph. These volunteers were taken from a
workforee of 487 of whom 20.9% had abnormal
biochemical or hmmatolopic results. on initial
testing. Further, intensive investigation failed to
reveal the early pathology which was demon-
sirated by grey-scale ultrasound and was con-
firmed retrospectively by radiological examina-
tion. The main advantage of ultrasound lies in its
potential as a rorinvasive technique for monitor-
ing populations at risk. The lack of ionizing
radiation is a great advantage in this respect.

These preliminary results suggest that ultra-
sound will result in a small incidence of false
negatives (2 out of 19), so that the method is
complementary rather than a replacement for
current techniques. Both acquiring the ultrasound
scans and interpreting them requires operator
expertise, but automated scanners should become
avzilable within the next year, while experience

Pk

»

uccC

.

S A N S M T S N vy Gres et £ s g el ey e T e "

e

Lo T R By, T R R B S O o

~

A I T W e A L IR LR R T Bl o el R L e Y

PR T T e M TS MR T T TS S TS e o, e W,-—-H;v-:-~-r-m'—\ﬁ—:~_—ﬂﬁ§‘, e




it o Bt B e g

uscanned alorz tenth

er iy enlarged due 1o
€chiocs are refurned and
resare } emapert, end the
7145 enlargerment was not
‘radiograph

cenography and liver

I's ef ulirzsound and
2 shows that known
. 11,14, 15 and 17-19
asound  examination,
~firmed (o be normal.
. 10 have liver abnor-
-mation but this was
2 exzmination. How-
cn was obtained by
3 and 11. In 2all these
Zings led to a review
and these are sum-
trasound results were
were not vontradicted
v prevented adeguate
i~ a plain ebdominal
rs were tzken from a
20.5% had abnormal
Aie results on initizl
nvestigation failed 1o
which was demon-
spund and was con-
adiclogical examina-
{ ultrasound lies in its
«zhnique {or monitor-
“re lack of ionizing
t in thig respect.

s suggest that ultra-
i} incidence of false
15zt the method is
1 & replacement for
wu'ring the ultrzsound
= requires operator
"~ rers should become
sor, while eaperience

37
Table 3
Funthert find 1S 1wl ¢ exami
Inisial Uhre-
Cexr  aricimmens  sonsgraphy Furiker arsessment

[ Wormal Splenomeraly Barium swaliow norsal,
Splen not scen on X.ray
sbdemen.

7 Norzal Spicnomegaly Barium se 30low narmal.
Saleen wide iranaversely
but gid net exiand below
keve: af L2th 68

] MNormal Spiesomegaly Banum swaliow afier
Buscrpan, Showed

. posibie Grade | variem,
Splromegaly confirmed oo
taview of straight Xersy of
abdomen
11 Normal Spicnomepaly Poxuble Grade ] vatiom

. can be gained if the potential of the method is
sufficiently promising. Preparations are currently
being made for a more extensive investigation of
the application of grev-scale ultrasonography to
deiect 2ny liver pathology in a community in the
United States which has been heavily exposed 10
air pollution with VCM, as well as in workmen
exposed during the course of their employment.
This further study should allow a more delailed
assessment of the relative value of this new tech-
nique.
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Collagen Studics in Acro-osteolysis

Collagen is a fibrous protein present in most con-
fective tissues and it is the nature and arrangerment
of collagen fibres that are principally responsible
for the mechanical properties of these tissues.
The collagen molecule consists of three chains of
amino acids formed into a triple helix, and these
molecules are aligned in the fibre in a paralle! and
quarter-stagper arrangement giving rise te the
characteristic banded appearance of collagen
seen on electron microscopy. This quarter.
stagger arrangement i maintained by specific
lysine-derived intermoleculzr crosslinks and it is
these crosslinks which are responsible for the
strength of collagen.

When collagen is newly formed, the inter-
molecular crosslinks are labile alditmine bonds,
and can be detected by reduction with tritiated
potassium borohydride (Bailey et al. 1970). How-
ever, as the collagen marures these crosslinks
become stable and nonreducible and are therefore
no longer readily detectable. Studies of the
collagen crosslink patterns in normal human skin
will therefore show the highest levels in infancy
and during the rzpid growth period, but will fail
to virtually baseline leveis by aduithood. If excess
labile aldimine bonds are detectable in adult
hurnan skin, then proliferation of new colfagen is
occurring: ™
Collagen Studies in Scleroderma
The skin changes of acro-osteolysis (AOL) are in.
many respects analogous of those of scleroderma.
In both conditions there is severe rigidity and
thickening of large areas of skin, supgesting
qualitative or quantitative changes in the collagen.

In a study of skin biopsies from adult patients
with scleroderma (Herbert er of. 1974) we found
an increased proportion of labile aldimine cross-
links in 9 of 11 patients with active progressing
disease. In contrast, in patients with longstanding
nonprogressive scleroderma there was no encess
of the labile bonds. Analysis of the centre and the
growing edge of a plaque of morphesa demon-
strated the maximum level of crosslinks at the
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edge of the plaque and much lower levels towards
the centre where the collagen has matured. This
provides a direct confirmation of increased col-
lagen synthesis in the skin in scleroderma.

Collagen Studies in Acro-osteolysis

Case 1

A D, 2ged 36 years, was a plasterer until six years
before we saw him, He then staried as a reactor
¢leaner and a "B’ operator in 2 plant manufzcturing
polyvinyl chloride, scraping the inside of the reactor
with a chiscl, wearing gloves and overalls but no
mask. Following this initial three.week period he
became an ‘A’ operator, working outside the reactor,
and was involved in charging and recovery from the
reactor and controiling the flow of chemica s including
viny! chloride through various valves. There was no
direct contzet with the chemicals, but he frequently
noticed fumes escaping from the valves,

Afier three years he noticed the onset of Ravnaud's
phenomenon which progressed with gradual chorien-
ing and instability of the tips of the fingers. There was
2 gradual thickening and coarsening of the skin
tpreading up kis arny on 1o ihe face and a little on the
chest wali and axilla. Two vears later he gave up work
with marked weakress of his hands and arms, which
caused great dificulty in gripping and lifting heavy
weights.

Exaraination confirmed the feotures of acro-
ostealysis with gross thickening of the skin, but with
the following differsnces from scleroderma: (1) No
ulceration of the fingertips. (2) Instability of the tips
of the fingers. (3) Hair follicles and hair preserved.
(4) ™o puckering around the mauth. (§) No telangei-
eciasia. (6) General coarsening of the features, (7) No
tightening of the skin across the nose.

Investigations showed slightly raised plasma

viscosity ©f 1.80 ¢P, and positive antinuclear factor:

(1:10). Skin histology showed distinet sclerosis of the
dewp lavers of the skin without epidermal atrophy. On
radiography therc was gross Ivsis of the central parts
of the terminal phialangss, the s2croiliac joints, cerain
cottoveriebral joints, the lkeft condvie of the temporo-
manditular joint. and loss of definition of the right
mandibular vertical ramus,

Skin Crosslink Stulics in Acro-osteolysis

A skin biopsy was obuwined from this patient.
Reduction with potassium borohvdride revealed
a high proponion of the hydroxylysinonorieucine
crosslink typical of new collagen formation in
scieroderma, There was also a second reduceable
cormpanent present in significant amounts but
further studies will be required in order to
identify its nature,

Quantification of Callagen Synthesis

Hydroxyproline is an amino acid that is unique
to collagen 2nd is formed from proline. By grow-
ing tissuc in a culure medium containing radio-
active-lahelled proiine and measuring the syn-
thesis of hvdrasvproline, an index of the rate of
collagen formaiion can be obtained. We obtained
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samples of skin from the patient with AOL and
2lso at surgery from patienis with other conditions
not thought to invoive any abnormality of
collagen metabolism. They were cultyred on a
stainless steel raft at the interface beiween a
culture medium contzining *H-proline and an
atmosphere of 207, oayper. 3% earbon dioxids,
15% nitrogen in a modified Maclntosh Fildes jar
at 37°C for 24 hours. Following culture the
specimen w2y homogenized, dialvsed to remove
excess *H-proline, hvdrolyvsed and separated in
an zmine acid analyser and the quantity of
synthesized *H-hydroxyproline was derermined.
This was related 1o the hvdroxyproline content of
the original biopsy. The-results are presented in
Fig 1 and show that the rate of collagen synthesis
in the patient with AOL was considerably
greater than that of the normal controls.

- Discussion
By both crosslink analysis and by measurement
of *H-prolinc incorporation into hydroxyproline,
we have confirmed excess new collagen synthesis
in the siin of a patient with AQL. These results
are anaiogous to the findings in the skin in
scleroderma (Laitinen or ol. 1969, Herbert er al.
1974), and account for the rthickening of the skin.
It is possible that the effect is gencralized, and
excess collagen proliferation in the hlood vessels
could lexd to chronic ischemia with ulceration of

- the fingertips and fumther local collagen produc-
tion. fschaemic necrosis could sinnlarly oceur in
AOL and so produce the typical bone lesions,
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However, the AOL bone lesions differ in appear-
ance from those of systemic sclerosis,

The czuse of increased collagen synthesis in
scleroderia has not been elucidated. Leroy
(1974) studied he rote of collagen synthesis by
individual fibrodasis from scleroderma and
control patients. He found that, when first
cultured, sckeroderma fibroblasts synthesize new
collagen much more rzpidly than controis. This
implies that cellulur factors are of greater im-
portance in causing excess new collagen forma-
tion. 1n addition Johnson & Ziff (1974) reported
that lymphokine from normal human donors can
increase the rate of collagen synthesis.

Several chemicals are known to induce ab-
normal fibrosis. Practolol (Brown e7 al. 1974) can
lead to peritoneal fibrosis. Methysergide can
czuse retroperitonsal fibrosis and ergotamine can
Jead to peripheral ischzmiiz and has been used in
the rat as an experimental model for scleroderma
(Harris & Robinson 1974). Epidemiological in-
vestigations strongly implicate vinyl chloride in
the pathogenesis of zcro-osteolysis, and therefore
as a further possible chemica) cause of increased
collagen synthesis. v-penicillarmine is a useful
2gent in the treatmed: of scleroderma, but only
when the discase is active and progressive, that is
whilst the crosslinks are lakile and can be cleaved
by the drug. When the collagen has matured. the
crosslinks become stable and the drug is no
Jonger effective (Herbert er ol. 1974). It may be
that p-peniciliamine will be of value for treating
AOL, but only for active disease.

It is of fundamental interest to determine the
manner by which viny] chloride leads to excess
coliagen proliferation. This should lead 1o 2
betier understanding ¢f tive processes of collagzn
synthesis and could well act as a uselul model for
the study of scleroderna,
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Dr Robin Walker (WWaltor Geveral Hospital,
Liverpoal, %) spoke on the subiect of
Ciinical Aspects of Vinyl Chiloride
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Epidemiological Studies

Dr P J Baxter

(Erploymens Mredicel Advisory Service,
Health ord Safety Execative,

Bavnards House,

1 Chepstow Place, London 1872 4TF)

Epidemiological Studies of

PVC Manufacrurers and Fabricators,

and Primary Angiossrcoma of the Liver

The Joint Working Group on the Vinyl Chloride
Code of Practice decided from the outset that
epidemiological studies would be necessary to
evaluate the exient of the risk to workers engaged
in the manufacture and fzbrication of PVC, The
Employment Medical Advisory Service (EMAS)
proposed three siudies: a prospective study of
PVC manufacturers, a procpective study of PVC

-febricators, and 3 retrospective study of primary

angiosarcoma of the liver. As these studies were
intended to be as comprehensive as possible they
could only be 2ccomplished by drawing on the
cooperation and expertise of a number of bodies:
the industry, HM Factory Inspectorate, the
Registrars General for Englend and Wales, and
Scotland, the Roval College of Pathologists and
experis from university depariments and else-
where,

Prospective Study of

PVC Manufacturers

{n the past, workers engaged in PV'C manufucture
were exposed to vinyl chloride as a result of work-
irg inside autoclaves or from l2aks occurring at
various stages of ihe process. The main aimn of
this survey is to evaluate the cffects of this
expasure in . terms of mornality and cancer
registration rates according to certified causes by
including all past warkers at every factory manuy-
facturing PVC in Great Britain, Present and
future workers arc also to be incorporated.
[dentification details of the workers, including
duration of employmenmt and details of past
exposure, are entered by the factory personnel
depanments onto individual survey cards accord-
ing 10 instructions provided by EMAS. Past
exposure had becn graded into high (=200 parts/
10%), medium (=25 parts/10%), and low (<25
paris;10°), with ‘constant’ and ‘intermittent’
categories. The cards are updated annually and
sent 1o EMAS headguarters, Under the new Code
of Prictice 4ll present and future exposures will
be “low”. Idemtification details of the workers are
senl throupgh EMAS 10 the Nutional Health
Service Central Registries in England and Wales,
and Scotland. Death cenificaies for these parsons
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are coded according to the International Classifi-
cation of Diseasus (1967) by the Registrars
General. Workers alive at the start of the survey
zrc flagged, a procedure which results in the
coded death certificates being picked out and
notified 1o EMAS at the time of death.

_ This procedure should result in an 2lmost com-
plete follow up of werkers. The 1otal number of
rnales and females identified as having worked in
the manufacture of PVC is 7746 of whom only 24
(1%,) have not been traced, 72 (1 %) have missing
information, and 147 (29%) have emigrated.

" Workers entered into the present analysis number

7410, over half of whom are current employees;
$5%, were exposed to ‘low' or ‘mediom’ con-
cengations, only 12% having worked in ‘high'
concentrations; 46 %4 had constant exposures,

Statistical comparisons will bz made between
observed and expected deaths, calculated using the

England and Wales scx-uge-standardized rates -

supplied by the Regisirar General.

PVC Fabricators

Exposure to vinyl chloride during the manufac-
ture of the finished articles from raw PVC occurs
2s the viny! chloride trapped in PVC synthesis is
teleased during the further handling and process-
ing of the PVC. This survey aims to study the
mortality and cancer registration rates for all
causes in each sector of the industry and to deter-
rnine whether these rates are related to vinyl
chloride exposure. There are at least seventeen
different types of industry and twenty types of
operation, and the size of the work stafl varies
from a handful to hundreds of men. Records of
employment and exposures are likely 1o be poor
or nonexistent in some of the smaller factories
and for this reason a sample will be taken of
workers employed at, or near to, the present
time, over a wide range of the industry, the names
of the factories making up the sampling frame
being provided by HM Factory Inspectorate and
trade organizations. As rmany as 20 000 workersy
may be involved, The procedure for the follow up
of workers and the analysis of the resylis will be
similar to that described for the study of manu-
facturers.

" Retrospective Study

of Angiosarcoma ,

" The significance of cases of angiosarcoma of the

liver occurving in vinyl chloride workers relates
to the rarity of the tumour in the general popula-
tion. To assess its rarity and to look for any time
trends, EMAS asked the Registrar General for
Englznd and Wales to collect oll death certificates
with a possible diagnosis ef a2ngiosarcoma of the

%0

liver between 1963 and 1973, The results of this
study have been reported clsewhere (Baxter &
Fox 1975) and showed that, on Tverage, only 3
adult cases were certified a yeuar in England and
Wales. One case reporied in 1972 had previously
been employed as 3 PVC worker, (The only other
angiosarcoma death in Great Britain known to
have occurred in ¥ PVC worker was in 1974,
Both workers had been engaged on the manufac-
tyring side.)

The main aim of this study is 1o identify and
verifly all diagnosed cases of primary angiosarcoma
of the liver oceurring from 1974 onwards, and to
evaluzte their association with occupational
exposure to vinyl chloride. From 1974 onwards,
the Registrars' General Ofices are sending alt
desth certificates with an underlying cause of
demh siated as being liver cancer (including
primary, secondary and unspecified cateporics) to
EMAS headquarters, where dizgnoses likely to
be angiosarcoma are selected. Angiosareomas
are also notified to EMAS from cancer registries,
hospital pathologists and hospital discharges
{Scotland only). A sample will be taken from
amongst the other liver cancers, and for both
these und the angiosarcoma cases the hospitals
where they were treated will be contacted in order
to request the loan of available histological
material, Sections will be submitied for dizgnosis
to a panel of expert histopathologists who will
not know the history or identity of the cases. An
estimate will then be made of how many angio-
sarcomas are misdiagnosed or rmiscertified as
other liver cancers. With the permission and
assiszance of the hospital consultants and general
practitioners concerned, the next of kin of the
deceased angiosarcoma cases will be traced and
an interview requested with one of our Employ-
ment Nursing Advisers trained in interviewing
techniques, The nurse will seek 10 obtain a full
occupational history of the decessed,

The controls, maiched for age, sax and deatly
register (Jocality), will be chosen from the other
liver cancer deaths and also from deaths from
all causes. Four liver cancer controls for each
angiosarcomna case will be randomly selected by
EMAS. The controls of deaths from all causes
will be selected by the Registrar General's Office
from the same death register as an angiosarcoma
case. The next of kin of both sets of controls will
be interviewed in an identical manner to the
angiosarcoma cases. As far as possible the inter-
viewers will not know the cause of death of the
deceased. Finally, our Employment Medieal
Advisers will investigate the places where the
cases and controls worked and record details of
occupational exposure to vinyl chlaride and other
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copies of all hospital and general practitioner
records for the verified cases of angiosarcoma.

The verified cases of angiosarcoma will be
entered into a register which will include occupa-
tior.al histories and the copies of the medical
records, and an estimate of the true incidence of

-anpiosarcoma will be obtained. Finally, the
frequency of occupational exposure 1o vinyl
chloride will be compared between the angio-
sarcoma cases and the controls.

In conclusion, prospective and retrospective
studics are being carried out to provide a compre-
hensive assessment of the risk of occupational
exposure to vinyl chloride and the development
of primary angiosarcoma of the liver. The pro-
spective mortality and cancer registration studies
will also permit the testing of hypotheses con-
cerning the carcinogenicity of vinyl chloride in
other sites, such as the lung and brain. And in the
abscnce of a satisfactory objective test for use in
morbidity surveys, mortality data should enable
the more serious compliczstions of periportal
fibrosis due o0 vinyl chlaride to be assessed.
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DISCUSSION

Dt A J Fox (Employment Medical Advisory Service,
London) said that in the prospettive study of PVC
manufacturers described by Dr Baxier great care had
been taken to elucidate the role of (1) year of eniry
into the industry, (2) level of exposure as estimated by
people who had worked in the individual plany, (3)
length of exposure in the indusiry, and (4) length of
follow up. These studies, coupled with these of
‘healthy population e¢fect® and “survivor population
effect’ were of fundamental importance in the evalua-
tion of the resuls of exposure to vinyl choride
MOROMET. .

Dr L Magos (MRC Toxicology Unir, Carshelion) said
that in the retrospective epidemiological study re-
viewed by Dr Baxier vinyl chloride workers were
divided according 0 exposure time and level of ex-
posure. How could data be obtzined on the level of
exposure of a worker who had had twenty vears® ex-
posure?

In the Gernian literature there were many cases of
snlenomegaly, fibrosis of the liver, and thrombo-
cviepenia. Iir Magos was surprised that no similar
cases had been reported from the UK during the
mecling.

R LS, ETLNGED
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(Department of Histapathology,
Royal Postgracduate Mcdical School,
Du Canc Road, London W12 0115)

Histopatholony of Liver Lesions Associsted
with Exposure 10 Viny! Chluride Monomer
So far only 2 cascs of angiosarcomua of the liver
have been reported in British workers exposed to
vinyl chloride monomer (Lee & Harry 1974) but

‘more material has been studied in the United

States by Bradford Block (1974) and by Thomas
et al. (1975). The lesions encountered in this last
publication included 1S ungiosarcomas znd the
structural changes are clearly presented by these
authors. At the same time, angiosarcomas have
been deseribed in other circumstances, which
included prolonged exposure to arsznical medica.
tion for psoriasis (Regelson er al. 1963) arscnie
toxicity in vinevard workers (Roth 1957) and after
exposure to thorium dioxide for arteriography
(Visfeldt & Poulson 1972). The lesion has been
encountered also in patients with no evidence of
exposure to a particular toxin (Baker es al. 1956).
The characteristics of the tumour are for the most
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Fig | Angiosereoma shawing iluied sicusoidal spaces
comzining red blood cells cnd lined by tumour cclls.
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Fig 2 Popillary formations of tumour celis are borre on
a core of connective tissuc and hepatocyies, H & E.
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Fig 2 Well-diferentivted flertened tumour cells,
resemsling endoiiclicl cells on conneetive tissue cores
wnd iining vasealar spaces. I & E. x <00
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Fig 4 Bizarre piant tumour cell in papillary angio-
sarcoma. H& E, ~

part agreed by these various workers and 1 pro.
pose to outline them. [ shall also briefiy discuss
some of the other changes which have been noted
in the livers of patients suflering from angio-
"sargoma and those of patients who had been
exrosed 1o vinyl chloride monomer but did not
sow evidence of the development of tumours.

The tumour consists of cells which vary con-
siderably in appearance but seem 1o have enough
common features, paniicularly in their mode of
growth, relationship to vascular spaces and
stromal changes, to support the view that they
are derived essentially from one cell 1ype.

_ In general the tumours show a gross appearance
of dark hzmorrhagic nodules in the liver; there is
2 variable distortion and apparent fibrosis in the
intervening liver tissue. Sometimes foci are
macroscopically less haemorrhagic. There is often
frank necrosis.

The microscopical appearances at first glance
are variable, but analysis suggests a consistency.
Thomas er al, (1975) have delincated 2 main types
depending really on the relationship of the tumour
cells 10 the vescular spaces: (1) The sinusoidal
pauern. in which dilated hepatic sinusoids are
lined by enlarged und proliferating tumour cells,
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S - Ldra W 6.@ {,i"" Z -.?;;,\ - apparently causing reticulin increase in the tpace
e 4 Rer” €60 7 &0 SrFRX ) of Disse. which exists herween liver cell and
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: - ] N YRT g .‘,.4’ -*z abroad put it) increuse in reticulin fibres which
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1 . }‘3 y ;- CiF g ey gt £ | this change) 10 massive increase of collagen fibres
f & 1% :.-“'“- a'\;:‘ iy :;.’;’_. ._’;‘_‘-_@, ""_.‘- ::,;.’ which surround the hepatocyie plates, cleurly
= T B L el 2 ‘_ €¢y obstructing the lumen, sometimes apparently en-
., W 'y ‘.b-l --';- t-: -? . - .ﬂ . -
& ..'Cl_s.d é M‘gﬁ

.\- N - .‘?' % b, L :' .
Tk s Ey O T INE Saa
apillary angio- Fig 5 Solid area of tumour resembling solid spindle-cell
sarcoma, & E, » 400

vorkers and I pro- with heputocyte plates clearly recognizable
also briefy discuss between the tumour ceils. This appearance is
:h have been noted found maost often (Fig 1). (2) The second most
ering from angio- common is termed the papillary type, in which
s who~had been papillary formations of tumour cells are borne 1
aomer but did not on a core of connective tissue, which may include -+
ent of tumours. recognizable surviving hepatocytes, often wv.ith
. canaliculi containing inspissated bile pigment
's which vary con- {Fig 2). (3) The cavernous 1¥pe. in which the
em to h_nve enough blood-filled spaces appear even larger and are
' in their mode of surrounded by thick fibrous wails which seem to
cular spaces and be lined by the wumour cells. In addition there are
\he view that they several variables. The tumour cells may be well-
* ezl type, _ differentiated in that they simulate endothelial
cells of liver sinusoids (Fig 3) and it may be
.: gﬁ:gm::‘; difficult 10 distinguish tumour cells from reactive
rent fibrosis in the cells, or they may be quite unusual, showing
metimes foci are ifregular bizarre and giam:ccll fo.rms (Fig 4).
agic. There is often They may alst_) present as solid bo.vs-h.ke polygona_l
cells, sugpesting an appearance similar to carei-
noid or epithelial tumeur cells. The helpful
1ees at first glancs dizgnostic feature may well be the close relation-
lests 4 consistency, ship 10 hepatocyte plates or obvious bloed-filled
wated 3 m2in types spaces. The poor differentiation may be seen alko
s¢jiin of the tumour : in the frequent'y found solid areas in which the
1) The sinusoidal cells ook like selid spindle-cell sareoma, without . . g hge
“etis sinusaids ate evidence in many foci of vascular spaces (Fig ). E:Zf?&fé‘}'ﬁ::::f-fﬁf f},fo‘}'/;(f :%fff::'.-:f-_f',?{ e
.::.—.g tumour cells, In sum, the tumour cell is distinguishable from  angiosarcoma. M & E. x 150
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< aemnmen

trapping single hepatocytes, and sometimes with
no hepatocyies appearing to survive (Fig 6). It is.
of course, not cleur whether the fibrosis precedes
hepatocyie loss or not, but appearances suggest
that it docs. Such hepatocyte survival occurs even
in the middle of very poorly differentiated
tumour, a phenorenon which is quite unusual in
the case of other tumours.

Remote from the wumour-bearing areas, such
perisinusoidal reticulin increase is recognized and
again it varies from the minor inconspicuous
form 10 quite striking fibrosis (Fig 7).

There is also conspicuous fibrosis in portal
tracts with a patchy. sometimes marked, peri-
“vascular and periductal fibrosis. The venous
lumina which are thought sometimes to be com-
promised in other forms of fibrosis, such as the
Indian noncirthotic portal fibrosis. are not
regularly affected in this way and would be
unlikely to provoke the portal hyperiension some-
times described. Subcapsuiar fibrosis has been
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Fig 7 Liver biopzy srctions showing veriatiyns in
e T intruiobulue sinusnidal revieuln, Upper, sligi:t increase,

Lower, mpchtinerease. Gordon & Sweet sifier
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Fig & Hepatic eapsiler fibrosis in potient exposed 1o
virinv ] ehdoride monamer end presenting witk porial
hyperiersion. H & E, % 130

repestedly observed in the cases from the United
States and 1this seems sometimes to be continuous
with the fibrosis in the portal tracts.

The relevance of such nonmumourous changes
to she subseguent development of angiosarcoma
is of course one of the major practical issues at
present. Such chanpes are sometimes found in the
livers of workers exposed 10 vinyl chloride
monamer and we have had an opportunity 1o fee
sections referred by several clinicians concerned
with this problem, including Dr FF Lee, Dr Robin
Walker, and Dr 1 F H Purchase. The findings will
probably be incorporated in their own reports
but. in summary, several liver biopsy sections
have been looked at for the nonturmour changes
described. 1t happens that both controls and
exposed patients have quite a content of fat and
that several of the exposed personnel do show
sinusoidal thickening, dithicult to make out, but
easier in dark-pround preparations. One particu-
lar case, which [ hope Dr Frank Lee will report,
presenied with portal hypertension and had quite
“striking capsclar thickening, diffuse sinusoidal
reticulin  increase, hypertrophy 2nd  rossibly
hyperplasia cf endothelial cells, and what seems
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Fig 9 8itarre ond enlarged sinusoidal lining eclh and
hepaiocyte niftotic wbnermulity in saniwe poticnt as
Fig8. 1 & E, <600

to be siriking hepatocyte involvement. cven with
miiotic abnormalities (Figs 5-9).

The question whether these lesions are signifi-
cant as premalignant changes is unanswered, as
many of the aiterutions ean be found in other
conditions such as congestive cardiac failure,
endoithclial cell hyperplasia in cases of lymphoma,
and of hepatoeyte and other changes in many
drug Ioxicity situations. Other pathogenetic
questions also have to be posed, such as what is
the primary lesion, which cell 15 involved in the
formation of the tumour, what is responsible for
the curious fibrosis and survival of the hepato-
cvies. Undersianding these processes would
probubly enable us to make a bettcr asseSsment
of individual risk factors and perhaps 10 work out
whether there is 2 tolerable exposure. |
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Epidemiological Studies of Vinyl Chiloride

Health Effvets in the United States

The vinyl chloride (VC) prroblem has had a con-
siderzble impact in the United States during the
past vear and a hall. Perhaps reioted 10 the age
and conditions of the VC industry, or simply to
the sheer size of it, the L'nited States has so far
had the largest share of cases of VC-induced
hepatic anginsarcoma (HAS); at the present time
there have been 17 known cases in polymerization
workers (Lloyd 1975). The tinding of the initiz
cases was a dramatic event, and unlike what has
occurted with many other proven or suspect
carcinogens. the confirmatory experinmental evi-
dence arrived aimost simultaneously with the
epidemiologic results (Malioni & Lefemine 1974).
The widespread indusirial applications and uscs
by the consumer were insiantly appreciated, and
since the VC problem also arrived at a time of
growing awareness and consern among 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 2 number of worrisome
reports appearcd. Investigators in  Louisville,
Kentucky, and also at Mount Sinzi Hospital in
New York demonstrated a high percentage of
liver funetion abnormalities in polynierization
workers, suggesting a broud prohlem (Makk e7 0/
1974, Lilis er a/, 19751, and, in addition to this, the
carlicst monality studies (Monson er al. 1974,
Tabershaw & Gaffey 1974) suggesied increased
rates for nonhepatic rumours,- parallelling the
multiplicity of tumour types seen in experimental
studies (Maltoni & Lefemine 19741, Review of
records at the Cennccticut Tuinor Regisiny,
started in 1935, revezled § desiuite cases of HAS:
4 cases were clusterad in one industrialized arca
and hed occurred since 1967: 3 of these (and
possibly a fourth case where the diagnosis was
ureentain after review of <lides) occurred in
workers at two polyvingl chleride (PVC) fabricat.
ing planis or in residents living nesrby (Lindrigan
& Hesth 1976), Furiher concarn was penerated by
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repurts of the potential carcinogenicity of chemi-
vels structurally related 1o VC. v.p. chioroprene
(Llosd er el 19751 and trichloracth iene (National
Cuncer Institute 1975, unpublished data). and by
the know ledge vhat VC workers in many instances
hasve been exposed 10 multiple related chemicals,
including vinylidene chloride and acrvionirile
fvinyl cyanide).

As part of the United States Public Health
Service response to the VC problem, the National
fnstitute of Occupational Safety and Heakh
(NIOSH) and the Bureau of Epidemiology,
Center for Disease Conirel (CDC), have worked
on a number of VCorelated epidemiologic projects
during the past year and 3 half; in this paper we
will briefly review some of the early resulis of
three of these studies.

HAS Surveillance

A Jeath ceriificate search for all cases of HAS
recorded under ICD Code 197.8 (8th Revision),
which encompasses various miscellaneous forms
of liver tumour including most cases of HAS. wus
undenaken by CDC for the years 1966-73 in the
United Staies, This search is almost compleled.
with only dnata for New York City not vet
available at the time of this review,

Table 1 shows the number of cuses of HAS and
nai-angio hepatic sarcomas by vear of death for
1966-~73: there is no evidence for an incrvase in
the incidence of these malignancies during this
period,

A review of the relative occurrence of hepatic
sarcomas recorded under ICD Code 197.8
showad angiosarcoma 10 he the largest group
(33°, of 1mal hepatic sarcomas), followed by
sarcorna of unspecified type (31%), leionnvo-

sircoma (129,), fibrosarcoma (7Y,), and a
erouping  of miscellaneous sarcomas (15°,).
~ Table |

Hepatic sarcoma in the Usited Sinier@ vy reponied
hiniobese and 3 cue ol denth. 19461973

Yearof AR Nt sy
soth Mg ARLIOMFITNE It omie
(L) M * n
197 an - " n
1908 » 1] "
19 14 ? 7
150 n 18 1
19 be ] H (1]
1] | 9 i 4
1913 = L] 1%
196 of 128

G Fromdeath cenificaies, 1CD Cud 1975 (Sth Revnion),
Vyata from Sew Y ork Cuy not ingluded
¥: Half sear samplc

T ww“qﬂﬂﬁ\m.ﬂﬂf‘w b & oM .".‘-" 5 '—'_F"‘““"‘"I"' Calom . ?'l:,“"}.- -":1?'.'
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e W

6

Tuble 2

Hepatw angiossreuma in the Unoed Stanes @
by age st deuth andaen, 1566 -197)

Age €t deark
(yeerm) Male  Femake Total
(1] 2 z 4 T

10=1% ! 1 2
20-39 1 1 2
- 3 4 ]
4049 7 2 L
30-3% 13 2 15
[ 5 H 10
=39 " 3 1L
$0+ ! 2 b}

L) = 29

© From desth ceritzawes, 1CD Conde 197.5 (810 Revision).
Data for New York Cizy not itiluded

There was approximately | case of HAS for
every 300 death eertiiicutes reviewed.,

Tuble 2 demonstrates a male to female ratio of
2:1 for MAS. Sinty-tn 0 percent of cases occurred
in the group aged 20 or more, with 26%; in the
3049 year age group. Non-angio  hepatic
sarcomas ditfered in having a mzie to female ratio
of only 12}, and an altered o0 groupming with
78", of cuses aged 50 or more and only 9°, in the
3019 year age group. These ditTerences are cone
sistent with a hypathesis that oceupational ex.
posure may be u more significant facior in the
causation of HAS than of nun-angiv hepatic
sircoma,

Only 2 of the patierus with HAS is the death
certificate review were recorded as having worked
in PVC or plastice plants (! PVC polymerization
worker 2.ad 1 accounmtant in a PVC fabrication
plan): both were cases which had been identified
prior 1o this siudy, No other occupation is
recorded more than inice except fer the occur-
rence of £ printers. Although all were subsequently
confirmed 28 printers. a preliminary review of
patholugy records and specimens sugpests that
4 of the 5 cases may have been incorrectly diag-
nosed as HAS, ‘

CDC has supplemented the death cenificate

survey with an intensive case-finding eJomn,

" including a national mailing to all pathologists, -

state epidemiologisis. and major cancer referml
centres and tumour repistries, seeking information
on as many cases of HAS as possible diagnosed
in the US during the years 1964-74. A1 the present
time approximately 240 cases have been identified.
Pathology specimens for about two-thitds of these
are currently under review at the National Cancer
Instituzz and the Armed Forces Institute of
Pathology. An epidemiologic evaluation of all
cuses 10 obain more dewiled histories regarding
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past occupations, toxic exposures, and places of
residence is underway.

Medical Screening of VC Workers

Togeiker with the Occupational Health Studies
Group of the University of North Carolina,
NIOSH-CDC recently concluded a cross-sectional
medical screering examination ol 530 workers at
a plant in Pennsylvania which contains both a
large tyvresbuilding fxcility as well as onc of the

" oldent PYC polymerization plants in the United

States. Included in the study were tpproximately
130 current PVC polymerization workers and a
similar number of control workers from the tyre
plant who had never worked in the polymeriza-
tion facility, The 2 groups were comparable in
age, alcoholic intake, and socioeconomic back-
ground: the controls were chosen ‘{rormn those
areas of the tyre plant where exposure to solvents
and dusts was least.

Preliminary review of the results shows no
significant differences between the 2 groups for
any of the 6 liver function 1esis performed (SGOT,
bilirubin. alkaline phosphatase, LDH, GGTP,
and ornithine carbaryl transferasc). Additionz]
analyses based on levels of VC exposure, duration
and type of job, and other subgroupings are
being done; these preliminary results however do
not suggest the occurrence of liver {unction
abnormalities on a broad scale secondary to VC
exposure. One should of course be cautious about
generalizing {rom the results at a single plant, and
it will be impertant 1o 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 tinding 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 PYC
polymerization plant, and no cases of HAS were

. detected. Somne increase in frequency of palpable

livers on physical examination was found, how-
ever, among VC workers. A full report of findings
from this comprchensive medical screening study
is in preparation and will be available shonly.

Cohort Mer:ality Stuldy at Four PVC
Polvmerization Plants

One of the results of this NIOSH-CDC study was
the demonsiration of an increased SMR for
respiratory sysiem cincer among members of the
cohort (Waxweiler ¢r al. 1976). On preliminary
nathologic review, it was also noted that of e 12
lung cancer cases all 8§ for which pathologic
specimens were available were either large cell
undifferentiated or adenocarsinoma of the lung;

Seciion of Occupationa! Mcedicine s

Teble 3 o
Lung cancer amoac warkers st PV polrmerizstion plants in the
Unised Srares by hictalagic type o5d extent of \ C capovine

Exsent of VC vxperure

Laes thon  Meore than
Histalagic type Nome oneyear  on )yiar Teial

Epidermeid ] 1 ] 2

Small eet

undifferentineg O 3 ) 3

Adenocareinoms | 1 4 4

Larpe celt

vodificrentiaed 4 [} [3 10

Unciassified 1 [} o 1
1 ] 10 2

il confirmed, this unusual cell 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 relztionship. When aill of the workers
at these 4 plants are considered, including those
who were nct part of the defined VC-exposed
cohort, a total of 22 czses of lung cancer (out of
48) were available fer pathologic review, The

‘increased incidence of large cell undifferentizted

and adenocarcinoma of the Jung was seen in VC
workers with more then 1 vear of exposure, while
a distribution more closely resembling the ex.
pecied small cell predominance was seen for VC
workers with Jess than 1 vear of exposure,
Interestingly, however, cases of lung cancer in
non-VC workers at these plants, aithough small
in number, appeared i0 have a eell 1ype distribu-
tion which was also predominantly Jarge cell
undifferentiated (Table 3). In addition, unlike the
situation for HAS in these plants where 2ll but
one of the cases were Jong-term reactor cleaners
and operators, the workers with large cell un-
differentiated and adenocarcinoma of the lung
were distributed in 2 number of different 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 therelore that
some additional chemical exposure at these
plants may be working together with VC (or even
separately) to produce this effect. Further siudies
are currently underway in an effort to confirm
these preliminary pathologie findings.
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DISCUSSION

De Mitchell R Zavun (Boron Rouge, Louisiara) atked
whether the clinizal examiners at Pousiown knew
whether or not the person being examined worked in
vinyl chloride.

Dr H Falk replied that none of the clinical exeminers
were aware of the occupational status of the workers
at the lime of the examination.

Dr R 1 McCallum (Univertity of Newcestle upon Tync)
asked Dr Falk to give in more detail the way in which
histological diagnosis was made in the case of lung
cancer shown in his slide. Was this done by one
individual or by a panel of patholozists? How were
the specimens of tissue obtained: by biopsy, surgical
resection or at auiemy? It was remarkzble that in
none of the cases was an oat cell carcinoma diagnesed,
as this was the type often considered a characteristic
result of exposure to a chemical carcinogen.,

Dr H Falk replied that the \WHO Jung cancer classifics-
uon seheme of Kreybergy (1967) was used. Four patho-
logists reviewed the shides and agreed on the inter-
pretation (Dr Louis B Thomas and Dr T Powell,
Netional Institines of Health; Dr M Kuschner, Stare
University of New York; and Dr Laszlo Makk, St
Anthony Hospital, Louisville, Kerwoeky), All availe
able pathological marcrial for each cate was reviewed.

The expanded patholagical review currently under-
way would include the selectien of muhiple control
cases of lung cancer from the same hospitals (with simi-
lar age and date of diagnosis to the study cases) and a
ulind review by .a panel of pathologists in 2 more
deiailed evaluation of avzilable pathology material.

To Dr Falk's knowledge large ¢ell undifferentiated
caysinoma of the lung had not been related 1o exposure
to chemical carcinogens, which made the findings in
the VC cohort even more intriguing.

Dr A J Fox (Employnient Medicol Advisory Service,
London) asked how many fuctories had been studied
individually in the USA. What proportion of these
had indicated vinyl-chloride-associnted disease ?

Dr H Falk replicd that cases of hepatic angpiosarcoma
had been seen at 5 of the 8§ PVC polymerization plants
opened pricr to 1950,

These was some confusion in this ares in that a
number of the VC werker mortality studies had been
overlapping. Three senzrite siudies, for example, (the
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NIOSH-CDC study, the Tabershaw study, and ke
Aonson-Peters study) had all looked 2t the Louisville,
Kentucky plint where the initiad angiosarcom: cases
oceurred as well as at 3 varyving rumber of additional
plants. Compounding the probicm was the fact that
the defiritions for erirance into the coharts studied
differed from study to study, so that the results even
at the same plant were not identical,

Dr 3 A Bonnel (Central Electricity Generating Board)
asked whether, since vimy! chloride monemer was a
carcinogenic agent, there was any evidence in expeti-
mentz! animals or in human clinical expeiience that
the skeletal or skin changes described might be pre-
maligzant conditions.

D¢ H Falk said that cases of angissarcoma in the USA
did nct have 3 histery of acro-osteohvsis or skin
problems. althourh they did not hove the multiple
tests for early changes of acro-osieolysis. It would
seemn, therefore, that the skin changes were not pre-
maligrant conditions.

Professor 1 ] Selikaff (Aownt Sinai School of Medicine,
City Urneisity of New York) said that 3 teview of
known detajls of identified cases of vinylchloride.
associated angiosarcoma of the liver &y Dr Lioyd
(1975) of the Navonal Insthwne for Occupational
Safety and Health had demonsirated that the median
duration from onset of exposure was approximately
severacen years. These cases were derived from the
rather small number of polymerization workers em-
ployed during the establishment und initial growth of

. the vinyl chloride industry, Attempts were underway

1o idenzify and trace the initial groups of workers.
emzloyed during the vears 1938-55, since analvsis of
their experience would allow evaluation of the risks
wh.. might be sufered by the very much larger
group of vinyl chloride workers exposed more recently,
in a period during which PVC production was in-
creasing 3t the rate of approximartely 10 per annum.
Limited data bearing on the problem had becn
obtaincd. In one polvmerization process studied, 257
men hiad beca emrployed for five years or more in the
period between 1936, when the plant opened, and
1964. Each man had been traced to 1 July 1974, with
25.deaths from all cuuses: ) of the Jeaths were due to
angiosarcoma of the L. er (Nicholson o1 o/, 1975), exch
confirmed on review of autopsy material (Thomas &
Popper 1975); in addition there was one death due 10
ruptured asophageal varices. Another worker,
examined during the clinicul survey a1 this faciliyy
(Lilis er o/, 1975) had had 3 successful portacaval
shunt operation for the same condition. These experi-
ences sugsested that vimvlchloride-associated disease
would be an imporiant hazard for wvinyl chloride
workers in the future. unless conirol of exposure
resulted in at least some reversal of the risk.
Littis R, Andersan H, Nichulyon W J, Daum S, Fichbein A §
& Srliketf 1 J
(1973) dnnols ol tize New York Academy 0t Siiences 246, 2341
Llor 8.3 W10 Juurnal of Ocerrurimnr! Meshitim= 17, 131=334
Nichalson W J, Hummund £ C, Svidman M & Setikafi 1 J

(1971 dnnals o' the New York Aradvmy of Scieares 246, 2222200
Thomas L B & Popper U }

(1575) dnrols of the New Yurl dcwdemy of Scirces 246, 568. 277
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Dr B W Duck

(Qcceupatioal Health Unrir,

BP Research Centre,

Sunbury on Thames, TH16 7LN)

Medical Surveillance of Vinyl Chloride Workers
Following the announcement in January 1974 of
the first cases of angiosarcoma of liver among
workers exposed 10 vinyl chlotide in the USA, the
Chemical Industries Association in the United
Kingdom set up a Viny! Chloride Committee,
with a number of specialist working groups,
including one on health aspects.

The first task confronting this working group,
which comprised medical representatives of the
four British companies engaged in the production
of vinyl chlotide (VC) and polyvinyl chloride
(PVC), was to review all the relevant medical and
toxicological information availéble and decide
what action should be tzken to protect the health
of exposed employees. This is an interim teport on
one aspect of the group's work.

At that time, Jittle was known about angio-
sarcoma of the liver.and its treatment. Due o its
rarity, there was considerzble doubt about both
its natural history and appropriate methods of
carly diagnosis. Reporis indicated that non--
malignant forms of liver pathology, such as
fibrotic changes, might be more prevalent among
vinyl chloride workers than had hitherto been
suspected, but the significance of such disturb-
ances of liver function and structure in relation
to the development of angiosarcoma had yet to
be established. Similar considerations arose in
respect of the previously recognized condition of
acro-osteolysis (AOL) and its various manifesta-
tions, since it was specuiared thar there might be
some comraen underlying vascular pathology.

To complicate the situation still further, long.
term carcinogenicity tests on laboratory animals
had not only produced many angiosarcomas, but
also a considerable number of renal and other
turnours.

The situation was discussed with medical col-
leagues in Government and Trade Union agencies,
and specialists in liver disease, and much helpful
advice was received from them and from various
overseas sources, especially from doctors in the
United States. It soon became cpparent, however,

that there was no established procedure for the -

early detecrion of liver angiosarcoma that could
serve as a hasis for a large-scale screening pro-
gramme in industry. As practical screening
possibilities were very limited and the early
diagnostic vaive of suitable techniques was un-
certain, vinyl chloride workers could not be
2sked to volunicer for medical examination on
the grounds that this wou!d deicet early malignant
disease of the liver; nor could they assume that

A g W BEEVST S wen ST T ik vy o —— =
-

f - f;.;l.fxz Y.

bov =

N Tl e "n

Seciion of Occupational Medicine 107

such examinations would be beneficial 10 indi-
viduzls in terms of preventive medical action. In
the latier context, etfort had to be concentrated
on urgent measures 10 reduce exposure to vinyl
chloride, a task which was being encrgetically
tackled by our technizal colleagues.,

Nevertheless, there were many arguments in
favour of inviting vinyl chloride workers to
attend site medical centres o panicipate in a
standard medical examination programme: (1)
Opportunity for personal discussion. (2) Establish
prevalence of disease. (3) Establish prevalence and
significance of liver dysfunction. (4) Correlzte
positive findings. (5) Identify possibly susceptible
individuals. (6) Compare findings in VC workers
and controls, (7) Assess feasibility and value of
medical surveillance, (8) Establish data base for
further studies. For these rexsons it was decided
to carry out an initial clinical survey on all sites
where VC and PVC were produced, based as far
as possible on the application of standard pro-
cedures to both vinyl chloride workers and
controls. A programme of zction was discussed
and agreed with medical resresentatives of
Government and Trade Union agencies and it
was accepted that one of the rmain objectives was
to gather clinical and epidemiological data to
provide a reasonable foundation for future
decisions concerning regular medical surveillance,

The survey population was divided as follows:
Vinyl chloride workers Group ) - all autoclave
floor workers, vinyl chloride monomer {(VCM)
production workers with five or rmore vears'
service; Group 2 - vinyl chloride monomer pro-
duction workers with less than five years' service,

. all other VCM/PVC production workers. Controls

—workers from same sites with no history of VC
exposure.
A siandard medical examination procedure

was adopted: Initial examination comprising.

medical history (questionnaire), physical examina-,
tion, biochemical tests (SGOT, SGPT, GGTP,
alkaline phosphatase, bilirubin). platelet count,
urinalysis. Follow up of abnormal findings, with
repeat biochemical tests and platelet count, and
persisting abnormalities referred to consultant
for specialist investigation.

The programme was introduced simultaneously
on the six production sites and the employess
concerned were informed that it was not an

individual screening test. but a joirt investigation '

to provide data that would help 10 establish
future medical policy. It was also explained that
any individuals with suspicicus findings, notably
persistently abnormal test results, would be
referted for appropriate specialist investigation
by arrangement with their family doctors.

Due to a variety of reasons. not jeast the prob-
lem of interpreting the significance of borderline
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akbnormalities and worklcad dificuliies ex-
perienced by boih medical 2dvisers on sites and
consultants and laboratory suaff in National
Hezalth Service hospitels, the programme has
tzken longer than expected and is still incomplete.
Hence interim findings only can be presented at
this stage and no firm conclusions can be drawn
wnrtii all the facts have teen elicited and the mass
of dzta obtained has been appropriately analysed.
So far, 1357 vinyl chloride workers and 429
controls bave been examined. The exzminations
of viny! chloride workers include 882 from
Group ! (representing an averzge response rate of
809%%) and 475 from Group 2 (in which the pro-
portion volunteering for exarnination is lower).
Iaitial liver function test abnormalities have been
found in 12.5%, of the viny1 chloride workers and
16.5% of the controls. Repeat tests on vinyl
chioride workers with abaormal firdings huyve
revealed persisicny abnormalizies in about one-
third of the individuals concerned (56 men, 4.1%,
of the original group). No comparable data for
the controls can he presented at this stage.

The 56 vinyl chloride workers with persistently
abnormal liver function test results have been
referred 10 consultanis at local NHS hospitals
for further investigution. Thest investigations
have not revealed any cases of engiosarcoma und
the consultanis concerned have already attribuled
many of the persistent abnormalitics to patho-
logical conditions unrelated to vinyl chloride
exposure. At present, the causes of liver dyvsiunc.

tion remain unceriain in about one third of these

56 cases, where precise diagnosis rests largely on
the final conclusions reached by expert patho-
lozists who are studying relevant liver biopsy
specimens. To put these interim resulis in per-
spective, it should e noted that almost 2! h
men in the latter group remain in full employment,
although many of them have been transferred to
work involving no further exposure to vinyl
chloride in case their liver dvsfunciion renders
thera unduly susceptible to potentially hepato-
10xiC agents,

While this survey was in progress, previously

established procedures for the detection of AOL .

and related conditions among vinvl chloride
workers remained in force and 2 new cases of
AQL have becn diagnosed. The survey provided
an opportunity to assess the prevalence of
Raynaud's phenomenon among controls on
three sites and comnparisons with findiags in vinyl
chioride workers suggest that the condition may
bz equally prevalent in the two groups. However,
no standard Jiagnostic eriteria were applied and
the prevalence of the condition varied widely

between sites. No association has been cbeerved”

between  Rawvnaud’'s phenomenon and  liver
function ebnormalities in individuals, whizh is of

ol el g iy b PN WY Lt TR et )

inicrest in view of the apparent rasity of AOL in
the cases of liver angiosarcoma that have besn
reported in the Jiterature. The routine urinalyses
have revezled no relevant sbnormalities,

Temarive Conclusions

Abnormal liver function test findings were
relatively cornmon in Both viny] chloride workers
(12.5%) and controls (16.5%) even though
resclts had 1o fall well outside (2 or 3 starndard
deviations) 1the normal range in order to be
classified as abnormal. Repeat testing revealed
persistent abnormalities in one third of the viny)
chioride werkers in whom the initis] findings
we-e abnormal and these 56 men were referred
for further investigation. Comparable data for
the controls are a: present unavailable.

If Jess stringent criteria of abnormality had
been adoped, the number of individuals for
retesting would have bzen considerably greater
and the cfiec: this might have had on specialist
investigation and disease detection is a matter
for conjecture. The definition of abnormality is
critical in this context and merits funther con-
sideration and study if the correct balanct is 10 be
achicved.

In view of the findings 10 date, it is not sor-
prising that opinions of working group members
abow the value of periodic liver function tests in
vinyl chloride workers are divided. No obvious~
liver disease due to vinyl chloride exposure has
bsen identified so far, but evidence of non-
cirrhotic fibrosis has been found in some cases
and until the results of blisd interpretztion of the
liver biopsy specimens become available no firm
opinions can be expressed abou: the presence or
absence of any specific pathology related to vinyl
chioride in the survey population. The procedure
kas enabled individuals with persistent liver
dysfunction 10 be detected and removed from
exposure to vinyl chlotide, and some doctoms .
propose 1o continue regular liver function tests
for this and other reasons, such as the need t0

assess sequential changes. On other sites, the -
yield of significant ¢linical findings has been so.. _

low in comparison with all the difficulties en-
countered that it is considered liver function. .

tests should only be applied on a discretionary -~

basis in future. In this connexion, it is argied that,
in order 10 be effective, the tests used should: (@)
yield positive findings at an early stage of disease;
(&) produce few false positive and negative
results, and (¢} ideally, be able to differentiate
between painological conditions due 1o vinyl
chloride and those due to other causes, such as
alcohol.

It is also argued that continued application of a
battery of ests 10 vinvl chloride workers is likely
10 cause corsiderable alarm and disquier if the
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results serve only to raise further doubt and con-
fusion. At the present time, it appears that detec-
tion of structural rather than functional changes
in the Jiver is likely to be more rewarding for
screening pusposes, and for this reason attention
is now being focused on evaluation of grey-sczale
uitrasonography as an acteptable, noninvasive
technique for the periodic examination of vinyl
chloride workers,

In conclusion, although the survey is in-
complete, it has already yielded information of
value for planning purposes, as originally
intended. From now on, it seems advisable to
concentrate effort on smalier and more detailed
studies that are desizned especially to evaluate
specific hypotheses, particularly in view of the
fact that the stringent environmental standards
now in force are expesied to minimize, if not
climinate, any risks to health 2ssociated with
exposure to vinyl chloride.

DISCLSSION

Dr A John Robestson (Liverpeol) ashed what wos done
{or these whose tests, under the surveillance scheme,
were abnormal. A man had been mentoned who was
refused life incurance becavse of abnormal Jiver fune-
tion tests, Taking a puralle] with lead, a man could be
suspended bezause of a raicéd blood lead Jevel and
could then be refused industrizl comeensation because
he did net Rave a scheduled disease, and yet the em-
ployer would not pay his wages.

Dt B \W Duck replied that men with persisiently
abnormazl liver function test resuits were referred 1o
consultants for funher investiguiion and their family
docrors were kept informed throughout, In the light
of the findings the consultants 2nd other doctors con-
cerned decided wheiher removal from vinyl chloride
work was indicated and the men in gquestion were
advised accordingly. It was then left 10 the men to
decide whether 10 accept or reject this sdvice. To date,
only one man had rejected such medical advice and
the rest had been transferred to alterriative work with
no loss of pay. -

Dr Robert Murray (Sudbury) $aid that this was g very
real problem which it was propesed 10 deal with in the
Employment Protection Bill currently under discussion
in Parlisment. This would give 1o 2 man laid off for
preventive reasons, because he showed early signs of
abzorption, the right to full wages during the period
of lay-off. The more sensitive the methods of early
diagnosis or the more stringent the standards of
exposure, the greater would be the need 10 have some
svsieny 1o cover the no man's land between absorption
which was not compensatable and Jivease which was.
In large erganizations it was vsually easy 1o transfer
ihe individual, without Joes of money, to alternative
work not invelhing exposure, but in smaller industries
this might be diffizult or impossible.

Dr L Magos (MRC Toxicology Urit, Carshalton) said
172t in Dr Duck’s raper so distinciion was made
beiween dita on workers from a factery where poly-
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viryl monomer polivtion had decreased ropidiy over
the Fast fow vears (2sin tha Mantdeserided Dy Mr AW
Barnes) and data on those emploved in a fzcicry
where {as in Dr Anne Walier's cusas) even in recent
years acute narcotic episcdes kad occurred. This lack
of disiinction might completely distort Dr Dusk's
statisiica) evaluation of clinizal data obtained during
the survey.

Dr B W Duck replicd that Dr Magzos™ point was well
1aken. However, as explained in the text, the paper
presented interim findings from which no firm ¢on-
clusions could be drawn. When all the dats were
camplete it was envissged that the industrial doctors
and their consultant collczgues would publish the
results obtained from individual faciories,

Mr H F Henning
(Health urd Sufery Evecutive,
403105 Edyware Roud, London N1 26L.N)

Environmentat Monitoring

It is a comman misconception that environmenta!
monitoring is easy, just 2 matter oi collecting a
sample. analvsing it and pewting a figure, Environ-
mental monitoring is never exsy and when an
industry is faced with & sudden and substantial
tightening of the standard to be applied there are
egually suddenly many questions 1o be ashed and
answered. In xddition, when industry and Govern-
menit have to write a Code of Practica before the
event, and therefore without the benefit of experi-
ence or hindsight. there are many more questions.
Some of these are discussed In this paper.

Insiniomenial Techniques

\When the threshold limit value (TLV) for viny]
chioride mononwer (VOM) wos 200 parts/164,
that is before 1974, the instrumeniation used for
monitoring was relatively fairly crude and in-

sensitive. One common -instrursent had a Jower |

response at abowt 200 pans/10* so that 2 nil
reading was taken to indicate a concentration
below 200 parts/10%, a very convenient situation,
Even the chemical indicator tubes were not
designed 10 show concentrations beiow 100 parts/
108,

With the introduction in early 1974 of the new
standard of 25 pans/10* (time weighted average)
and 50 parts/1Of (ceiiing value) other existing
instrumental techniques had 1o be adopted for
use in the VCM ztmospheres, Unfortunately some
of the equipment which had been designied for
laborztory use was not Same proof and so could
not be installed directly in factory workplaces.
However, many of the difficulties were overcome
and all the VCM and PV'C manufacturing plants
have now insizlied whkar we eriginzliy called
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continuous monitoring but which is more
correctly lermed automenic sequential fixed point
sampling. This is supplemented whzre necessary
by short-term sampling for investigations or for
checks on equipment 2r.d by long-term personal
sampling to show the work people’s actual
exposure over long periods, e.g. four or ecight
Liours. .
Presenration of Results

The Code of Practice requires the results to be
available 1o the workforce and for summaries to
be posted in work rooms. Each fixed point
monitoring system takes a sample once per
minute and therefore provides nearly 500 readings
per shift so that trying to decide beforchand how
the results should be summarized and presented
was a major problern because there was little
previous experience of monitoring. and recording
the resulis of monitoring, on such a seale,

Qe way of presenting the resulis would be wo
teke an overzll averare. This has recently teen
done and figures provided by the indusiry show
that the averaze concentration in the UK factories
hzd been reduced in 2 matter of months from 24
10 6 parts/10%, Recent figures from some of the
plants even show Jong-termn averages of about
2 par1s/10%, This suggests enoFmous progress, s
indeed it is, and compares favourably with aver-
ages published by other countries, However, an
overzll average such as this is influenced very
considerabiy by selection of the sampling sites and
by the frequency of sampling, two aspects which
are completely Jost in this method of presentation
and of course it offers litle of use in the protecrion
of the worker, which is the main objective of
monitoring.

Infuence of Peaks

An average over any period of time is influenced
very considerably by peaks. For example, ina 20
point system sampling every minure a single peak

of 600 pans/10* due-to a transient leak from

pearby plant would add 25 parts/10* to the shift
average, In the UK we feel that it is essential to
record these peaks, because they indicate escapes
of VCM due perhaps to defective plant ot perhaps
10 incorrect work practice, both matters which
ought to be remedied. If the monitoring points
are selected to provide a balance between
operator work stztions and areas where leaks
may occur then we must expect to obtain some
high readings. These occastions will gencrally be
investigated and will therefore play an impeniant
role in 1he long-term reduction of atrmmospheric
concentration of VCM, but in the short term they
mezke the picture look bad. bath by their presence
&5 peaks and by their coniributicn 1o the overall
shift average. There is of course no supgestion
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that any operator is necess:rily exposed 10 such
peaks or to such a raised avcrage, since many of
the peaks may have occurred in specially selected
zreas where no person woiks regularly of the
operator may have known abaut the situation end
worn a respirator during tha: period.

Influcuce of Sampling Frequercy
The frequency of sampling can also have an in-
fluence on the picture, Let us assume that some
of the sampling peints have been chosen to pick
up Jeaks from the plant so that, say, 10% of the
readings are above the ceiling value of 50 parnts/
10€. In a muhi-point monitoring system sampling
every minute this means that 48 readings per
shift for that sysiem alone will be above the
ceiling value. Sampling it the minimum frequency
required by the Code of Praciice, i.e. once per
shifl, would give on averuge one high reading in
each work area every temh shifi, Sampling at the
minim.m {requency required by the US standard,
ie. once per month, would give on average one
high reading in each work grea every tenth month,
\We see therefore that frequent static sampling
at carelully chosen points can provide much usefu!
information but it does not necessarily tell us
exactly what concentrations the work people are
actuaily exposed to. This can be shawn best by
personal monitoring which is normally done at
less frequent intervals because it is time.consum-
ing for the testing stafl and somewhat restrictive
for the operator wearing the equipment, Never-
theless this is an extremely vseful supplement 1
the general workroom monitoring. .

Qther Problems

I have said nothing in this short paper about
preservation of records, which provides many
probléms not previously encountered in indusiry,
nor about aimospheric monitoring in the PVC

*user industry where general atmospheric con-

centrations are Jess than 5 parts/10* ard. usually
less than 2 pans/10*;~with a few known and
controllable problem areas.

In shon, we in the UK belicve thar atmospheric
monitoring should be used to provide the maxi-
mum amount of information. This means that
the monitoring schemes incorporating extensive
multi-point  systems can provide (o) wseful
information on deficiencies in plant or in operzt-
ing procedures, (5) information with which to
demonstrate progressive improvements in our aim
10 reduce exposure 10 near zero, (¢) information
on personal operator exposure which can be kept
for futere reference. Unfortunately in the short
ierm 1 slso provides much ammunition for our
critics. . nis, however, i 5 small price to pay for
the long-term bencfits which we know will
ascrue from our efforts.
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