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Vinyl 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 1o first evidence of harm.

The polymerization process of vinyl chloride
to polyvinyl 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 fingery, sometimes
the toes, and to a lesser extent the other bones of
the body, was first recognized in autoclave
cleaners in Belgium (Cordier e al. 1966) and
subsequently confirmed in a number of investiga-
tions of autoclave workers in Canada, England
and the USA. Soft tissue changes, coldness and
numbness of the hands and fingertips, resembling
Raynaud's phenomenon, were 2lso described.

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

nccessary. Maltoni, commissionsd: by a conzor-
tium of European chemical interests, including
Tmperial Chenical Industries,” to . undertake
further studies, confirmed cancer in animals at
exposures as low ag 250 parts/10* (Maltoni er al.
1973). v

As a result of Maltoni'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 1973, but their findings of a cluster
of cases of angiosarcoma of the liver in one
factory were transmitted to the National Institute
of Occupational Safety and Health (United
Stares) on 22 January 1974 (United States Senate
1974), to the Department of Employment (HM
Chief Inspector of Factories) on 23 January, and
to the Acting Chiel Employment Medical
Adviser on the following day.

On 29 January 1974 Imperial Cherical
Industries put out a press statement announcing
that it was taking steps to inform govermment,
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 this
70-year-old retired autoclave worker, who haud
died: at the end of 1972 after twenty years of ex-
posure, was confirmed to have died of augio-
sarcoma of the liver..

Since 1974 intensive investigations have taken
place in this and many other countriea. The
United States government have published an
account of the hesring before the Subcommittee
on Environment of the Senate Cummittee on
Commerce, on the dangers of vinyl chloride
(United States Senste 1974). Senator Tunney, in
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his opening statement, said: “This hearing will be
focusing om ways to mitigate the problems in-
volved with vinyl chloride as well as ways to
avoid crises of this type in the future.’ Previously,
on 10 and }1 May 1974, the New York Academy
of Sciences, the American Cancer Society, the
National Institute for Occupational Safety and
Health and the Society of Occupational Environ-
mental Health held a workshop entitled Toxicity
of Vinyl Chloride - Polyvinyt Chioride (Selikoff
& Hammond 1975). .

The International Agency for Research on
Cancer (1974, 1975) 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 Waorkers
Federation published for its members a handbook
on vinyl chloride and its hazards (Levinson
1974). The Environmental Protection Agency in
Washington, DC published in September 1974 a
preliminary assessment of the environmental
problems associated with vinyl chloride and poly-
vinyl chloride, in which it set forth recommenda-
tions to clarify and reduce the associated risks.

Meanwhile, the Department of Employment
staff in e United Kingdom hud been taking
active part in consulrations in Europe and in the
United ‘States. As soon as the information was
communicated in January 1974, HM Inspectors
of Factories and Employment Medical Advisers
throughout the Uniled Kingdom were notified,
and industry on its own initiative %t out 10 ensure
that no person would be ex to araounts of
vinyl chioride vapour that were above a cone
centration of 50 parts/10°, -

The TUC.and the CBI accepted an invitation
from HM Chief Inspector of Factories to form a”
joint working group with representatives of
government ts. The first meeting took

- place on' 14 June 1974. An interim hygiene

standard was adopted and two subgroups were
set up to draft the environmental and medical
sctions of & code of practice; thele were pub-
lished in February 1975 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 (a) define an interim hygiens
standard that must not be exceeded; () 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 consuitation and
education and training. He further states: *. ..
the Code as now published is based on our
existing knowledge and will be improved where

i
I

. . M - e 8
E. .

additional informartion shows this to be necessary
.« . The success of the Code depends primarily on
the united efforts of management. supervisors and
employees. This is very much a first edition of the
Code in temporary format; [ hope that those who
have suggestions for improving it will put them
forward via the joint consuitative machinery
required by the Code.’

Medical Subgroup

The medical subgroup defined its terms of refer-
ence as being: ‘To examine the mcdical aspects [
exposure to vinyl chloride; to decide in the light
of existing clinical, pathological, toxicological
and epidemiological information the ecxamina-
tions which should be included in the Code of
Practice; and to indicate those which require
further research before inclusion in the Code'.

- “The subgroup consulted and gratefully acknow-
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ledged the help given by experts on diseases of the
liver and relevant diagnostic procedures. Because
of the difficulty of determining which medical
tests indicate the effects 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 to enable firm recommendati ns to be
made regarding them in this Code of Practice.
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 information, ‘formal recommendations
may be issued as & supplement to the Code in due
course’.

" The medical aspects of the code are contained
in parts 12, 13 and 14, Part 12 defines ‘supervised
workers'. Part 13 is concerned with their medical
supervision. Supervised workers should underpo
precemployment medical examinations; Those
already employed should be examined, if this has
not been previously done, within twelve months,
The examinations should be repeated annually,
and should include: (1) a full medical and occuna-
tional history: (2) a clinical examination with
particular referenwe to the abdomen, skin and
extremities; (3) X-ray examination of the hands;
(4) such further tesis as may be indicated by the
above procedures or may be recommended in
supplements to the Code, The leaflet descriliing
the carly effects of vinyl chloride monomer should
be given to the supervised workers at this exami~
nation unless issued previously.

The physician engaged to provide medical
supervision 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 a 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 il supervised workers; these must not
be destroyed without the agreement of the Chief
Employment Medical Adviser.

The purpose of the present symposium is to
review British experience of the environmental,
clinical, epidemiclogical and pathological effects
of exposure {0 vinyl chloride arising in the course
of palymerization of vinyl chloride monomer to
polyvinyl chloride, and to exchange information.

The implications of the association of angio-
sarcorna of the liver with exposure of workers to
viny! chloride monomer have had such a pro-
found eflfect on industry, workers and govern-
ments that these etfects must be seen in the wider
context of occupational carcinogenesis penerally,
I think it is necessary to consider what the future
may hold in the way of carcinogenic risks. We
can, | believe, regard the experience we have
gained throughout the world with vinyl chloride
as a pilot study on a newly discovered occupa-
tional carcinogen. Frank and open discussion
berween government depariments and both sides
of industry is indispensable 10 the achievement of
sucoess, | *

e

Postseripe .

The Working Group on Vinyl Chioride Code of
Practice for Health Precautions met on 8 Ottober
1975 and adopted a new hygiene standard agreed
by the Working Group as ‘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

pcrullmmphuthcmlmlﬁm of 50 parts/10¢
and 28 parts/108,
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Vinyl Chiloride
and the Production of PVC

Polymerizarion Charceteristics

of Vinyl Chloride ’

Vinyl chloride has a beiling point of —13.5°C:
under normal pressures and temperatures it is a
gas. In its liqueficd form under pressure, it can be
readily polymerized at temperatures in the range
40-70°C 10 give polyvinyl chioride (PVC), a
white solid material. The addition polymeriztion
of abtout 500-1500 molecules of vinyl chloride
produces one molecule of PVC and the poly-
merization reaction is strongly exothermic. The
polymer. itself.ig insoluble in the liquid monomer -
and so pucipimu out as it is produccd, The
polymc is, however, c:pabh of absorbing high
propartions of monomer (407, by weight) 30 that
asthe polyﬂmimmn redction pmneeds and more
polymer iz precipitated, so equally is more
monomer absorbed by the polymer to the point

" . at about 70% conversion where monomer as a

Qther requ:remenu of the Code, includiog

T~.medical supervision, arc currently being re-

viewed..
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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 correspondingly dimin-
ishes until at about 92-95%; total conversion the
speed of polymerization becomes uneconomically
slow. These are the fundamental characteristics
of vinyl chloride and its polymerization mechan.
ism which decide the principal fratures of indus-
trial processes for the production of PN'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 exothermic, means must 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 um 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 and stabilize it in this form. This.fine
subdivision of liquid monomer cnables the heat
evolved from the polymerizing 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 aiso
the vital property of ensuring that the polymer,
which is produced within each droplet, is pre-
sented at the end of the reaction in finely divided,
powder form, .and not as an intractable homy
mass,

As polymerization 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 tum
dispersed in a continuous water .phase, A great
deal of research has been devoted in the past
thirty years to the control and stabilization of
this rather delicate colloidal system but, even 3o,
small quantitics of polymer are still thrown out
from it and form 2 thin contingous film of PVC
on the walls of the reactor. If left, this will in-.
crease in thickness and, since PVC is & poor

. thermnal conductor, will reduce the heat transfer
characteristics of the vessel and make temperature
control impossibie. At the end of the reaction it is
therefore essential that this film should be cleaned
away. This is one of the basic reasons why a truly
continuous process has never yet been developed
for making PVC and why the polymer, the world
over, is still made by a batch process in relatively
smail reactors. This, as we shall see, has a signifi-
cant influence on 1he 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 %, conversion has become so slow as to
be quite uneconomic. There is no possibility

[

therefore of continuing polymerization to 100°,

o
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conversion and solving some of the problems
connecied with vinyj chloride toxicity in this way.
At the termination point of the rcaction, there-
fore, the 5-674 residual monomer (still at 3 pres-
sure of 4-3 atmospheres) is vented back to a
gasholder and a slurry of PYC particles (100-]150
pm diameter), suspended by stirring in water, is
left in the reactor.

Now 10 a description of the process in engineer-
ing rather than chemical terms: polymerization
is carried out in cylindrical, stirred, jacketed
pressure vessels. To begin, water, surfactive
agents and free radical catalyst are added to the
reactor: the air space above this liquid phase is
purged of oxygen (which inhibits polymerization)
and liquid viny! chloride is then injected into the
reactor. (In the UK, reactor sizes range from
10m? to 40m? and the monomer charge per batch
ranges up to about 15 tons.) The reactor contents
are then heated to and maintained at reaction
temperature, Aflter a reaction time of the order of
eight hours, excess monomer is vented 10 a gas-
holder (for recycling) and the reactor is evacuated,
at 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 autoclave, which still
contains vinyl chloride gas at a low partial pres-
sure is further cvacuated before opening to
atmosphere, and automatic high pressure water
cleaning jets are activated to remove polymer
scile from-the walls. At this stage, the cycle is
camplete. :

Vinyl chloride monomer has a strong affinity for
PVC and the last traces of it yre difficult 1o remove
from the polymer; the polymer in the slurry after
sripping  therefore still containg around %00
parts/10* of vinyl chloride. This slurry is centri-
fuged to remove the water phase and the wet
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 contains about 50 parts/10°® of monomer.

Interfaces berween

Vinyl Chloride and People

This description of the production process gives
some indication of the relative potentials of
different parts of the process for creating signifi-
cant exposures of people to vinyl chioride. If we
take a plant capable of making 160 000 tons per
annum (tpa) of PVC then the polymerization
building will, during the course of a year, have
handled over 100000 tons of vinyt chloride in
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liquefied form under pressure. Into the drying
section will have passed 50 tons of vinyl chloride
in a form strongly absorbed on the polymer and at
a concentration on polymer of about 0.05%. In
the finished product, 5 tons of vinyl chloride will
leave the factory, each year, still absorbad on the
polymer at a concentration of 0.005%,. Although
strictly outside the scope of this paper it is worth
proceeding further and pointing out that in
further fabrication operations on the polymer,
some of this small residual concentration of
monomer is driven off 5o that in the final fabri-
cated article only —35 parts/I®* of monomer
remain or 0.5 tons out of the original .annual
total of 100 000 tons, In fabricated articles which
are used for foodstuffs packaging (bottles, film
and foil), and which represent about 109 of totsl
UK production, the monomer concentration is
still Jower, and the pro rata amount absorbed on
foedstuft containers from a 100000 tpa plant
would be %0 b, Of this quantity 3¢ b might
migrate into the foodstufl where its average con-
centration is unlikely to exceed 10 parls per
thousand million. Since total UK production is
about 400000 tpa this mcans that the annual
ingestion by the averags UK citizen cannot
exceed 0.0001 g, a figure which agrees well with
calculations based on diet analysis.

A final potential interface avises because at
points in the production process, viny! chloride is
exhausted to atmosphere. On a typical PYC plant
and with current levels of achievement, 0.3%
of the monomer is lost to atmosphere: with this
performance ground level concentrations at the
factory boundary are well below 0.1 parts/10° and
even these low amounts decay very rapidly with
distance.” In the band 1-1 mile (0.4-1.6 km)

_ around one factory, for instance, the concentra-

tions determined are in the range 0.01-0.0001
pans/10%

Thuﬂmnshouldmhedmthntbyfntlu
biggest potential for exposure exists in the poly--
merization section of the plant, since here 100 000
tompcyurduliqueﬁedmnndem
are handled in a confined space, in contrast to
otber parts of the process and to the Jater down-
stream operations of the plastics industry, In
these downstream operations the corresponding -
quantities, this time in the form of absorbed
vapouratalowpmulprmmdnmconﬁned
to a single geographic situation, range from 5 tons
down to 3 Ib 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
angiosarcoma of the liver throughout the world
have been of workers engaged in plants where
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liquid vinyl chioride 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-
pos=d of a large number of batch reactors of small
capacity per batch, relative o the total annyal
throughout. In cach reactor, two complete cycles
per day are carried out and each cycle requires .
vinyl chloride to be injected under pressure,
heated, contained, stimed and polymerized
almost completely: at the end of the cyele un-
polymerized monomer has to be removed and the:
reactor opened and cleaned. The possibilities of
small leakages from pumps, valves, stirrer glands .
and from the opened reactor at the end of the
cycle were obviously significant: and the manual
cleaning of reactors gave further opportunity for
high exposures. This was particularly true during

the long period in the 19405 to 19603 when vinyl . .

chloride was thought to be harmless and when a
recommended exposure limit did not exist or,
late in the 19503, was set by regulatory authorities,
industrial hygienists, &¢., at a level of 500 parts/
10%.

The general consensus of opinion throughout
the world, today, is that average aimospheric
exposure for polymerization workers between
1940 and 1970 might have been of the {ollowing
orders: 194555, ~1000 parts/10%; 1955-60,
~400-500; 1960=-70, ~-300-400; mid-1973,
~~150; 1975, ~5 parts/10%, Across the world,
there will have been variations around these
figures beczuse of differences in plant design or
‘Process operation, Even the way in which jobs
were organized can have chused 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 autociave cleaning was part-only
of a whole range of jobs cirried out by individual
work -people. Some spokesmen have suggested,.
perhiaps for fulltime cleaners, exposure levels as
h:ghumplmlm'hthcuﬂydays f the
lnd“ﬂl'! .

\Vith thae very high ﬁgum as blckground. the
progress made by the PVC industry in the UK in
reducm; umpheric concentrations since the
camnonmc hazard of vinyl chloride became
known in early 1974 is shown in Table ), 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
{ower than on the polymerization plants, industry
has aimed to reduce fugitive vinyl chloride levels
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at every point in order to eliminate concemn
wherever it might exist, With work s:ill in pro.
gress, all these figures will be reduced further
though, in view of the effort already put in, it is
likely that the polymerization plant armospheres
are approaching a limiting value of 2-5 parts/10¢.

Table 1
Viayt ehiarids menaser levels im UK industey

Janvary 1974 July 1913

Falymurisation (mares) 107 [Fo L]

VM is plant aunoiphare .~ 130 -3

{(wankly averags)

VICM-oaisslons 0.713% of gutput  0.3%% of cutput

VM in prodect 200-300 « 30 low mows
: rade

Fabetoavion avd Use

YCM in plast strempharst  2-15 «2

VCM ia PVC bortles =350 -2

VUM in beversges a1 [.X'H

Finally & few rough calculstions of the daily
dosages at the current exposure jevels and at the
higher atmospheric levels which previously could
have existed on PVC plants may be helpful in

- putling current plant performance and present

downstream exposures into perspective, one with
another, and in comparison with earlier figures
(Table 2).

Table 2
Daily desages at currewt and earlier exposure evely

Daily dase
(g'ke body
weight)
plammt t 1000 pures/10*  0.36
Polyroerization plant operator a1 J00 pariy/10¢  0.13
Folymerization plent of e at
-3 paveaf10* KX )
Fabrication plant oparator st § parv/iot 0.0004
Averags UK citisen throvch ingmtion in food  0.000000004

b J

2 P
L

In Jater papers to this conference, a wide range
of diseases or. symptoms which have been
associated with or atributed to exposure to vinyl
chloride will be discuszsed. It is important to note
that most, if not all, of these have been.conwracted.
by people who worked under conditions repre-

- semted by the highest figures in the above table,

‘Todxy no one is exposed t0 doses at tifis level. The
exposure of workers i industry is now at least
two orders of magnitude lower, while the general
public in the UK absorbs, through foodstuffs, a
quantity which is some fifty million times lower,

While the conference will be concentrating
primarily on problems which have occurred in the
past. I hope it may find some time 1o consider
whether there remsing any possibility of similar
eflects occurring at the markedly lower —-and in

22

some areas almost incomprehensibly lower - levels
which prevzil today, Fer it is on this, quite
properly, that industry, and socicty generally,
have focused their attention in the past eighteen
months.

DUCUSKION

Dr M D Kipling (Employment Medical Adrisory
Service, Birminghem) said that it was known that
warkers bagging the PVC powder were sometimes
covered with the dust and that this powder contained
a percentage of vinyl chioride monomer. He asked
whether any information was available on the particle
size of the dust produced in differing processes through-
:9t the world and the incidence of vinyl chloride
iseane,

Mr A W Barnes replied that the particle sizes of PVC
powder did vary very widely, depending on the
application for which the PVC powder was made.
However, most menufacturers produced all grades of
polymer so that it was unlikely that any medical
conditions peculiar to a particular manufacturing sité
could be explained in terms of the polymer and its
particle 1ize. Moreover, it should be remembered that
all the significant medical effects under discussion at
this conference (angiosarcoma, acro-osteolysis &e)
had, throughout the world, been obwerved exclusively
in workers on polvmerization plants or, in two cases,
plants handling !*- ;id «inyl ¢chloride under pressure.
Features comrao s 10 all these workers were that they
were exposed 1o vinyl chloride vapour in the atmao-
sphere but were not exposed to PVC dust since the
polymer was mainained in aqueocus suspension
throughout this stage of the process.

It was in the drying and bagging sections of the
PVC-producing nrocess that expasure to solid PVC
particles ¢ou.d asise but. despite extensive medical
investigation, no sicrificant abnormalities had been
found among cCrier operators or packers: It was
perhaps worth nating. too, that the greater proportion
of PVC powder was of a particle size similar (o sand
o it did not generally pose an airberne dust problem,
For those powders which might cause true dust ex-
posures it had botn customary in industty, because of
the nuisance and discomfort factors alone, to provide
somme form of respiratory protection.

De C§ Darke (Roya! Infiimary, Sheffield) said that he
had investigated 14 caset of brexthlasness in workers
exposed to vinyl chioride monomaer, The findings were:
no asboormal physical signs: chest radiographs
normal; routine respiratory function tests difficult o
evaluate but wome resuits slightly below predicted
valum, apecially impaired CO diffusion in 6 indi-
viduals; perfusion and ventilation scans showed
striking abmormalities 25 ilustrated by one slide re-
vealing marked perfusion defects of upper lobes. One
patient underwent opcn biopsy of each of the thres
lobes of the right lung. Histology revealed focal
alveolar wall thickening with macrophages in the
alveolar spuces and increased reticulin and collagen
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formation seen on clectron microscopy. No obvious
vascular abnormality except on fluorescent examina-
tion. It might be of imporiance that some of the worst
affected men were concerned in 2 polymerization
process that vielded ‘plastisol’, & very fine PVC
powder with particle size around 0.5 wm. These
particles, containing vinyl chloride monomer, ¢could be
carried to the alveolar walls where they might be
retained and thus set up a reaction of the type ssen on
light microscopy.

Professor L J Sclikof? (Mounr Sinci School of Medicine,
City University of New York) said that pulmonary
abnormalities had been unexpectedly commeon findings
among some 1200 vinyl chloride polymerization
workers in his studies. Obstructive pulmonary
function defects 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 cigarette smakers,
as expected. After that age, howgver, the prevalerce
of changes was very much the same among smokers
and nonsmokers. Of course, age correlated strangly
with duration of employment. These two factors were
analysed separately and it was found that the changes
were generally among smokers with less than 20 years
from onset of exposure, but that thereafier they were
present in both smakers dnd norsmokers. Radio-
graphic changes were Icss common, Overall, 13.3%
of 985 chest films showed linear, reticular or nodular
changes characterized as 1/0 or 1/1 in the ILO U/C
Classification, Dysprncea was uncommon and signs or
symptoms of chronic bronchitis were not striking
(Miller er al. 1975, Miller 1975).

The pathogencsis of these abnormalities was not
clear. It was not known, for example, whether they
reflected another biological change associated with
exposure to vinyl chloride monomer, or anothwr
factor. Mr A W Barnes had noted that manufactured
PVC might currently contzin § parts/10* of retained
vinyl chlofide monomer, as weil as other ageats added
in the polymerization process. Inhalation of such PVC
partickes might bes associated with adverss effect
Frongia and his colleagues (1974) had reported
significant histopathological changes in the lungs of
MmdtoWCmﬂﬂinaWCM

faciliies investipsted by

Pmuor Safikoll, there had usually been opportunity
for PVC dust exposure as well z5 vinyl chlorids
exposure, gither by a period of work with the polymer
during the employment span and/ot as the result of
of the various parts of the
process. PYC dust was often to be found

inseveral parts of the plants.

It would seem of interest 10 study further the in-
fluence of vinyl chloride and PVC in the experimental
animal, as well as the pulmonary satus of workers
producing vinyl chloride monomer byt not exposed to
PVC during or after the polymerization process.
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Dr K S Williamson

(ICI Litd, Central Medical Group,
Fulshaw Hall, Wilmslow,
Cheshire, SK9 1QB)

Review of Animul Studiey

Since vinyl chioride is a gas at normal temperature
and pressure, inhalation is the important route
of exposure in industry, and most animal studices
have used this method of dosing. Many experi-
mental studies have demonstrated the very low
acute tonicity of the compound. The acute in-
halation toxicity was studied by Mastromatteo
¢t al. (1960), who found that the lethal concentra.
tion for mice, rats and guinea-pigs exposed for 30 .
minutes was between 200 and 300 000 parts/10°%,
In long-term studies few roxic effects were re-
ported, though Torkelson ¢7 al. (1961) found that
inhalation of vinyl chleride resulted in minimal
microscopic changes in the liver and kidneys of
several species of experimental animals exposed
seven hours a day to 500-200 pans;10* for six-
month periods. No significant changes were
found in any specics exposed to 50 parts/10* for
six months.

In 1971, however, Viola er al. reported that
while attempting to produce acro-osteolysis in
rats, they had found tumours of the ceruminous
glands, lungs and bones in animals exposed for 4
hours a day, 5 days a weck, for 12 months to
30 000 parts/10* of vinyl chloride. Viola's findings,
which are the earliest to be published describing
the oncogenic effect of vinyl chloride, caused
considerable concern throughout the world and
Yed to further epidemiological and animal studies,
many of which are sull incomplete. The most
complete series of animal studies available to us
are. those conducted by Maltoni and his co-
workers (Maltord 1973, Maloni & Lefemine
1974). In these experiments groups of ratx were

" expased to vinyl chloride vapour concentrations
" ranging from 10 000 to 50 parts/10° for 4 hours a

day, 5 days & week, for 12 months, The-animals
were then maintained for the rest of their lives
unjess they becama ill. Tumours of the cerumi.
nous glands, angiosarcomata of liver and other
organs, nephroblastomata and a variety of other
tumours were found in animals expoted to vinyl
chioride. In animals exposed to 50, 250 and 500
parts/10* the logarithms of the numbers of
animals having angiosarcomata and the total
turnour-bearing animals are linearly related to the
doss of vinyl chloride, but in animals exposed to
higher concentrations, this relationship is not
found. Tumours have also been found in mice
and hamsters by Maltoni and by Keplinger er al.
(197%), who repornted the findings of angio-
sercomita and lung adenomata in mice exposed
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by inhalation to 2500, 200 and 50 parts/10* of
vinyl chloride. More recently both Maltoni er ol
(1975) and Purchase (1975, personal communica-
tion) and his co-workers have found liver
tymours in rats given high daily oral doses of
vinyl chioride in oil. Neither investigation is
completed yet, Maltoni er 2l. dosed Sprague
Dawley rats daily by gavage at 50, 16.6 and 3.3
mg/kg for 12 maonths, They reported the occur-

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

rence of one angiosarcoma of the thymus in the  Taoble 3

50 mg/kg group and one angiosarcoma of the Qlu::::ﬁ ‘o6 sie

liver in the 16.6 mg/kg group in an interim  Ywiladon 10m sie per Bhour shilt

report approximately 13 months after the start of  —oarasumediabe 10ke

the experiment. . Ansmond Lase
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Purchase and his co-workers dosed Wistar rats o 1250 128 it * “§

daily by gavage at 300, 30 and 3 mg/kg for 6 100 250 400 40 Ly

months. Fourteen months from the start of the 39 - " b

experiment, a large proportion of the animals in

the 300 mg'kg group and several of those in the

. 30 mg/kg group have been found to have liver
tumours, Preliminary histopathological work
suggests that some of these tumours are hepato-
celiylar carcinomata, though further work is
necessary before this can be confirmed.

To facilitate comparison between the dosage of
viny! chloride received by the animals in these
very differant long-term experiments, I have made
some simple calculations which are presented in
Tables 1 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
to the doses involved.

1 %3 3 as el

Green & Hathway (1975 and Watanabe ef al.
{1975) have studied the pharmacodynamics and
metabolism of vinyl chloride using C-labelled
material given by different dosing methods to rats.
Both groups have shown that the propertion of
the dose retaincd and metsgbolized is greater
following small doses than large, though the
absolute amount metabolized falls with diminish-
ing dose (Table 4). :

Toble d

A of viayf chiorid ired aftor
Al oting single doors given svally in com oll
(Grees & Hatwuuy 1975)

Amnamy

m wwrabolized
i Dugy (wpjkg) Aerabelized (mgikg)
Table ! . peogil ’ ¥
Rat inhalation wedie (data of Malios! ﬁ 5 ?:J
Ventilatin e 100 ml siv/mis=é Sires hour 3, w b X .
24 litras par dolemar expovuLe pariad = 0.014 ! 1 “ o4
Weight eﬁm_—-l e 0g 033 %3 o

' Jﬂlﬂ“
Dally dest (mg) Daily dasy (3.

k) oty : ;
Petel° mazwd SN2 xmginl) wgiig) et 2300 Three principal eliminstive routes have been
wm l’&!‘: : l;_, identified by both groups: expiration of une
::_ t73 f ¢ 13 changed vinyl chloride by the lungs, expiration
: ; as CO, by the lungs, and excretion of metabolites
in the urine. The proportion of vinyl chl ride
" Toble2 eliminated by these different routes varies with
Rat eval dusieg srudies dosa (Table 5).
dove  Toenl dese
d Sndy wm (P Table 5
= I Malout L) 1250 Prapuction of 3 single ersl davy of vingh
: (Ndoa) 186 .00 chieride elisminatod Yo rovaten
¢ ?_:,.: 4 13 o (Green & Hathway 1979)
" § Purchasa 300 nia Propevrion elminared (%
wé_% : (% doves) 30 310 m.) Uachanged  Coy :Su':-mlm
5 3 a4 02s 4 1118
’ 450 7 1 6
& tumouts fouad
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Major metabolites identified in the urine are:
(1) thiodigiyeolic acid: (2} S-(2-chiorethyl)
cysteine and N-acetyl-S-(2-chlorcthyl) cysteine;
(3) urea. Thiodiglycolic acid is derived {rom
monochioracetic acid (this can itsell be detected
in small amounts in the urine) which in turn might
reasonably be supposed to derive from cyclic
chlorethyiene peroxide or epoxide. powerful un-
stable alkylating agents which, though likely to
have a very short fife within the body. must have
high potential biological activity. The cysteine
containing metabolites may be presumed to arise
by the resction of vinyl chloride with cysteine
derived from ghaathione. Since the size of the
glwathione pool’ may well be limited, vinyl
chloride could cause significant depletion. so
reducing the available protective mechanisms

" within the liver ¢ells, \Vatanabe er al. (1975) have

reported progressive deplction of the hepatic non-
protein sulphydryl content (equivalent to gluta-
thione in this context) in rats exposed to 1000
and 250 parts;10° vinyl chloride by inhalation.
No such depletion was found following exposure
of rats to 10 parts/i0* for 7 hours. Hathway
(1975, personal communication) considers that
the ethyl cysteines themselves may well be
mutagens. Thus work on (he metabolism of vinyl
chioride has already begun to identify several
imteresting areas for further investigation.

Though many important animal studies are
still incomiplcte, there is already a subsiantial
body of evidence to show that vinyl chloride is
ancogenic, and there are some intriguing indica-
tions of the possible mechanisms of this action.
The further studics 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 vinyi chloride, and may perhaps
allow us some insight into the fundamental
mechanisms of the oncogenic effect.
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DISCUSSION

Dr L Magos (A RC Toxicology Unit, Carshalton) said
that the dose plotted against the log of the number of
malignancies gave a uraight line. making it very
difficult to draw any conclusion about the threshold
or no-¢flect level. as the zero-cfTect level could theoreti-
cally never be reached.

Secondly, Dr Willilamson®s data on the metabolism
of vinyl chloride depending on dose indicated that at
low exposure levels 3 high proportion of vinyl
chloride was memzbolized and less was exhaled un-
changed. This might mean that increasing exposure
above 2 certain bevel would exhaust the biochemical
ability of the orgznism to convert vinyl chloride to a
:Tsic metabolite responsible for the carcinogenic

o,

These considerations indicated that experimental
data must be interpreted with the utmost care,

Dr H E Stokinger (Toxicology Brunch, N 'ational
Institute for Qccupationul Safery and Heulth, Cincinarti,
Ohiv) =id. in amplification of Dr Willlamson's
remarks on metabolism of vinyl chloride, that wo
metabolites had boen identified in the liver of rats
exposed to vinyl chloride: N-acetyhS(2-hydroxyethyD)
cysteine and thiodiglycolic acid- The importance of
knowing the nawre of these endogenously supplied
moicties was that they represented free, available sul-

vinyl free radical, thus removing its oncogenic poten-
tial. In a series of decreasing exposures of rats the find-
ings were: at 1000 pans/10%, rapid and complele satu-
ration of available free SH groups (liver): at 200 and
100 pars/10¢, fairly rapid u!urlticn of available free
SH groups: at 50 pans;10%,a plateau of the saturation
curve; at 10 parts:10% no dmurhme in the amounts
of free SH.

Inferences and conclusions: (1) From the fact that
hxmangiomas oceurred in the liver, and not in the
lung (the primary site of entry), it could be inferred
either that litte or no vinyl chdoride metabolism 0
free radical octurred in the: lung, or that there was
unpk free SH 10 scavenge the vimyl radieal. Q) Mont

the Jiver had a builtin antagonist 10 the
vinvi free radical that provided the basis for a threshold
for the carcinagenic response, in this case a threshoid
for an occupational carcinogen demonstrated by a
specific biochemical constituent reaction. This finding
explained the {act that among the tens of thousands of
workers expored only 2 small handful of hxmangiomas
had been found. (3) Finding an oncogenic threshoid of
appreciable magnitude (between 50 and 10 pans/10%)
removed concern about general exposure of the public
to small amounts (ser Barncs, p 280) of vinyl chloride
in PVC plastic wrappings of foods; the United States
FDA could forget it! (4) To bolster rensuance to
effects of vinyl chloride, vegetables of the Brassica
family should be caten. Factoes reducing free SH
were: ¢ertain industrial exposures that were deraxified
by cysteine, «.¢. brombenzene: substances or condi-
tions, &.g. certain chronic discases.
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Clinical Aspects
of Yinyl Chloride Disease

Dr B J Preston,

Dr K Lloyd Jones

and Dr R G Grainger

( Departments of Radiology and Rheumatology,
Harlow Wood Orikupadic Hospial,

near Mansfield,

and Department af Radiology,

Northern General Hospital,

Sheffield) .

Acto-osteolysis

The word acro-osteolvsis means dissolution of the
extremnity of a bone and it is applied 10 the
distal phalanges of the hands and feet. There are
many causes. c.g. scleroderma. psoriasis, hyper-
parathyroidism, sarcoidosis, ergotism, diabetes,
tabes, syringomy¢lia, familisl and idiopathic
acro-osteolysis. A similar appearance may occur
as a result of trauma. Recently, acro-osteolysis
of the hands of workmen associated with vinyl
chloride polymerization processes has been re-
corded by Cordier &2 ol. (1966). \Vilson ¢z al.
(1967), Harris & Adams (1967), Dinman ez al.
(1971), and Lange cral. (1974).

We would like to present the radiological
findings in four patients who had been involved
in the production of polyvinyl chloride.
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Meihods

All patients had tke following regions examined
by plain film radiography: hands, fee, shoulders,
elbows, knees, ankles, pelvis. chest, skull, man-
dible and spine. Case | (AD) also underwent a
barium swallow. meal and follow-through, angio-
graphy of the hands and serial films of the hands
at 6 months and 2 years after presentation, and a
film of the pelvis at 2 vears.

Case Reports

Casel

A D presemied at the age of 35 years with symptoms of
severe Raynaud's phenomenon. pain in many joints,
trismus, and thickening and tightness of the skin. He
had been engaged in the polymerization processes of
vinyl chleride for 5§ years. A radiograph of the hands
(Fig 1) showed dissolution of the ceniral parts of all
the terminal phalanges cxcept for the little fingers,
erosion of all the terminal wufts. thinning of the central
parts of all the middle phalinges but particularly
those of tha Jittle fingers where there is extension into
the base, thinnirng of the middie and Jistal parts of the
proximal phalanges of the ring and litt!c fingers and
etosions with a well-defined sclerotic margn at the
base of the right first metacarpal and at the tips of
both ulnar styloid processes. In addition, soft tissue
thickening was present over the wrist and the whole of
the hand. A film of the feet showed acro-osteolysis of
the terminal phalanges of both big toes. a large
erosion in the head of the left first metatarsal bone
and small erosions in the head of the right firgt
metatarsal bone and the right medial and intermediate
cunciform bones. The radiogragh of the pelvis

Fig | Cave 1 Hands (1.5.77), thowing transverse defects in distal phulunges,

osteolyus, erosions and soft 1issue thickening
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Fig2Case 1 Mandiblf, revealing marked erasion o/
uscending rami

revenled large erosions around both sacroiliae joints,
at the tips of \he greater trochanters and along both
ischial tuberesities. The radiographic survey of the
peripheral joints recorded erosions at the lateral end
of the left clavicle, left upper humerus, medial and
lateral cpicondyles of the right humerus, medial
condyles of the left humerus, both olecranon pro-
cesses, inferior paris of the patella, bath lateral
femoral condyles and anterior aspects of the tibia,

both medial malicoli and posterior aspect of the left,

calcaneum

Films of the mandible (Fig 2) revealed considerable’

crosion of both ascending rami. causing harked
thinning of the bone: onlhleﬂskkdmexundcdup-
wards.to involve the condyle,’

Films of the skull and spine and barium mllw..'
meal and follow-through examination showed no”
abnormaifties. :

Monitoring flms of the hands.and feet were aken ~ B

at six monthy and 2 years after presentation and these
showed interesting changes. At § months, the films of

the hands recorded the following changes: (a) central ® S

defects in tha distal phalanges of the little finger; ()
further osteolysis, particulsrly of the bases of the
distal phalanges: (¢) periosteal reaction along the
proximal phalanges of the left thumb and index
finger, and right ring finger: (d) shortening of the
distal part of the finger. Radiographs of the hands
taken 2 years afier presentation showed even further
resorption of the bony fragments of the distal pha-
langes, and the proximal fragments appeared dense
thus suggesting avascular necrosis,

Scrial films of the feet showed extension of the acro-
outeolysis of the big toes in the first 6-month period
(Fig 3) but on the 2-year film there appeared to be
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same healing as there was new bone formation at the
tip of the distal phalanx of the left big 10e. However,
the erotion at the head of the right first metatarsal
bone had progressed in size over the 2-vear period.
The film of the pelvis two ycars after presentation
showed & slight increase in the size of the erosions of
the ischial tuberositics.

In view of the patient’s percistent and increasing
symptoms and signs in the hands, areriography 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 digital 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 tortuosity of the radialis
indicis artery and medial digital artery of the ittle
finger was shown. In bath hands, hypervascularity of
the terminal tufis was recorded.

Case 2

F P. aged 38 vears, had been enund for o vears in
the manufacture of polyvinyl chloride. Acro-osteolysis
was recorded in both index fingers and the right thumb.
Erosions with a well.corticated margin were visualized
at the base of the right first mewacarpal bone, medial
epicondyle of the left humerus and inferior poles of
the left patella. Some increase in the soft tissues was
noted and this is best assessed by observing the region
over the radial and uinar styloid processes.

.Case}

P D, aged 2% vears. had been involved for 2 years in
the processes of polymerization of vinyl chloride. Th:
skeletal survey revealed no evidence of acro-asteoly sis
or any other significant abnormality.

Fig 3 Casa | Feet, 3ix monmths after presentation
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D W, aged 44 years, had been working at the factory
for five yvears. The skelewal survey did not show acro-
osteolysis 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. (n 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 case 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 er al. 1967).

The changes in the mandible in Case 1 have
not been previously described in occupational
acro-osteolysis but it is interesting to note that
atrophy of the mandibie in idiopathic and familial
acro-osicolysis has been recorded by Greenberg
& Street (1957), Papavasiliou ¢/ g/, (1960), and
Cheney (1965).

Ross (1970) stated that the bone changes
regress after the sufferer is removed from the
hazard but in our Case 1 the serial films of the
hands, f{eet and pelvis indicated that the acro-
osteolvsis was extending. Fragmentation of the
remaining tufts has been described as part of the
healing stage by Wilson ¢z al. (1967), but in our
Case | it was only in the distal phalanx of the left
big toe that there was any definite evidence on the
2-year film 1o indicate bony regeneration,

The stencaes and occlusions of the digital
arieries and increased vascularity in the pulps of

the fingers recorded on the arteriograms in the '

first case have also been reporied by Lange 7 of.
(1974). Narrowing and occlusions of the digital
arterics are known to occur in -Raynauds
phenomenon (Marshall ¢7 al. 1966), Certainly,
the disability due 10 the Ravnaud’s phenomenon
in our case seemed out of proportion to abnor-
malities in the vascular tree. Lange o7 al. (1974)
suggested that the densc vascular rete of the
terminal pulps of the fingers was due 10 stasis of
contrast in the vessels secondary to the shortening
of the phalanges. This may be partly the case but
laws er al. (1967) have observed hyperemia of
wne pulps of the Engers in a cuse of clubbing due
to bronchial carcinema and a similar mechanism
may apply in our case, as there is a strong clinical
resermblance to clubbing.
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DISCUSTION y
Dr L Magos said that Dr Preston’s Case 1 might be
idiopathic acro-osicolysis aggravated by exposure
vinyl chloride. In the wwo-year follow-up study Dr
Preston had found improvement in the fingers. which
were usually invoh 24 in occupational vinyl chioride
acro-osteolysis, and aeterioration 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 Lloyd Jones added that Dr Preston’s Case | also
had severe invols ement of the skin by the scleroderma-
like condition secr in viny I chioride workers together
with evidence of ~ther multissstem involvement, It
was most unlikel: that this combination in a vinyl
chloride production worker (autoclave floor worker)
~would be due 1o idiopathic acro-osteolysis. It was not
comidered reasonable 1o submit this patient to biopsy
of the defects in the distal phalanges. Biopsy of the
lesion in the mandible had been unrewarding. He was
emploved as a production worker in a PVC plant and
had pever been expored 10 vibration or the use of
power took. . :

Dr Anne E Walker
(Royal Hospirol,
Chesterficld, Derbyshire)

Clinical Aspects of Vinyl

Chioride Disease: Skin

Industrial acro-osteolysis, a triad of Raynaud's
phenomenon. sclerodermatous shin change and
Iytic bone lesions, has been well documented as
ocvurring in workers engaged in the poly-
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merization of vinyl chloride monomer (VCM) to
polyvinyl chloride (PVC). Medical surveys of
large numbers of cmployees have shown an
incidence of approximately 3% (Wilson er al.
1967, Dinman ez ¢l. 1971), Both these studies also
suggated that the disorder was Iargely confined
to reactor cleaners.

In 1974 Lange et al. described a2 more general-
ized disorder affecting men engaged in the manuy-
facture of PVC. They observed splenomegaly,
thrombocytopenia, liver damage and impaired
respiratory function, and these changes occurred
both in the presence and absence of clinical and
razdiological evidence of acro-osteolysis.

‘Clinical Study

In February 1974 1 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 2 local
firm which manufactures PVC. Between February
1974 and February 1975, 36 of the men employed
at this plant were referred with symptoms thought
to be due to exposure to VCM.

The study covers 37 men aged between 16 and
49 years (average <0 years 2 months). Length of
employment at the plant ranged from 9 moaths
to 5} years (average 2 years 8 months). Thirty
warkers had at some time been reactor operators, ~
4 were maintenance men, 2 worked as ‘baggey’
and 1 was & 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 slso reported somno-
lence, Coldness of the hands was also a frequent
complaint. .

Obviously these subjective symptoms were
difficuit to evaluaté or messure. However; one.

" feature was notewonthy: 36 of the 37 suted that

on ot least one-occasion they had felt overcome
by the vinyl chloride fumes, describing them-
selves variously as ‘unsteady”, ‘slightly drunk® and

Prospieing symptoss in 37 mea
Sywaroavn No. of canry
Cold hands »n
Purmubais 1%
lmpaired grip power 13
Cold fat 16
Aslng in howm 0
Achut in svasches 13
Dnipnas 17
Excousive fatigue n
Lows of linide 13
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‘rubbery-legged’, and this suggested that the men
had been intermittently exposed to very high
levels of VCM, which in experimenta! studies
produces anasthesia. These sympioms were most
frequently experienced when men were hosing
down the reacrors during emptying, but also by
men when inside cleaning the empty reactor, and
by maintenance men when unblocking pipes
carrying VCM.

None of the 37 men had evidence of sclero-
dermatous skin change. One man previously
employed at the plant had extensive sclero-
dermatous skin change affecting the hands, fore-
arms, face, trunk, thighs and d sum of the fest:
additionally he had extensive lytic Jesions of the
bones, phalanges, feet, pelvis and jaw (K Lloyd-
Jones, personal communication). In 5 men there
was clinical evidence of Raynaud's phenornenon;
in 2 it was a marked feature, with rapidly occur-
ring colour changes from blue black to blanched
white to 1 flushed pink. Individual fingers on the
same hand might show s different colour change
at any one time; on one occasion [ observed a
harlequin effect: the index finger was blanched
white on the radial side and blue black on the
ulnar side. Eight other men described symptoms
of Raynaud's phenomenon but at examination
only had rather cold hands. Coldness of the feet
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, largely periorbital and tendingt improve in
warmer conditions; the swelling was firm, and
suggestive of sclercedema rather than scleroderma.

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 severs 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 tevere
sclerodermatous skin change the digital vessels
in all the fingers were almost totally occluded. In
the other 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
a stall 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 abnormally reduced
on cooling and slower to return to normal.

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

Discussion

In the survey of 37 mea, of whom at least 36
appeared to have been exposed to high Jevels of
vinyl chloride monomer on at least one occasion,
sclerodermatous skin change was not observed.
However, 5 had cevere Raynaud’s phenomenon
and at least S others had abnormally cold hands
which interfered with their normal dexterity.
These circulatory changes are only a part of a
generalized disorder which may result in dyspncea,
cramp-like pains in the limbs, parzsthesia, exces-
sive fatigue and, in some cases, impaired liver
function. The symptoms may be severe enough to
limit normal activity and may occur without
changes in the hands.

The relative sparsity of clinical ¢hange in the
skin or evidence of pathology on biopsy contrasts
with the marked sclerodermatous and plaque-like
changes described by others (Cordier «r al, 1966,
Harris & Adams 1967, Wilson et al. 1967).
Perhaps the early recognition and removal from
exposure prevented morc severe skin change in
the men under observation. Most of the above
authors observed improvement in the sclero-
dermatous tkin change on preventing further
exposure. However, in one case described by
Harris the skin change appeared to resolve
spontaneously whilst the man continned working.

In my series there has been little improvement
in the vascular signs during the period of ob-
_servation, and this is in actord with the findings
of others (Adams 1974, personal communication
and M N Johnson 1975, personal communica«
tion), . However, Suciu describes the disappear-
ance of Raynaud's phenomenon within one year
(Suciu er al. 1963), In two instances cervical
sympathectomy is recorded as producing clinical
improvement (Takouchi & Mabuchi 1973,
Markowitz et al. 1972).

At the present time it is not known whether
the peripheral vascular disorder is directly
related to the presence of circulating immune
complexes or to some other alterstion in the
sensitivity of the vessels to exposure to cold.
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DISCUSSION :

Dr Leo Dierassi (Department of Occupational Afed!-
cine, Hoifa, Irrael) said that in one patient in his series
the presenting syndrome of vinyl chloride disease was
a pale moonlike face. This particular 1vpe of sclera-
dema (not scleroderrna) had already persisted for five
years after expasure had ceased,

In one case of scleroderma-like syndrome a skin

biopsy showed no change in elastic or fibrous tissue
but several arcas of perivascular infiltrazion, small
round nuclear cells, mostly lymphocyws and larger
mononuclear elements.

In one casa of Raynaud-like phenomenon which
started about eight months after initial exposure, the
manifesiations usually appeared two or threc hours
after worl: began. and the lfull-blown phenomencn
could be observed on the shop flour. This same patient
Ieft the lactory because of Joss of libido, and Dr
Djerassi wondered whether this was an immediate
transient complaint due 10 the narcotic effext of vinyl
chloride monomer, or a prolonged disturbance con-
nected with the vinyl chloride disease as stated by
Dr Anne Walker.

Dr Anne Walker, in reply, said that the sclercedema.
like changs observed in 4 of the men varied consider-
ably from day to day but in two men had persisted for
atleant eightesn months afier the lxst exposure.

In 15 biopeies from 13 patients an excess of inflam.
matery ceils in a perivascular distribution were present
in 4 of the specimens. The cxils were largely hmnpho-
&yl

Loss of libido was the presenting complaint in one
patient and had persisted since the man left the firm
approximately thres years sgo. In 3 of the workers
complaining of impotence, urinary excretion of andro-
sterone and dihydroepiandrosterone were very low.
Thela motsurements were maede  approximately
twalve months after the last exposure o vinyl chloride.

Dr Marcus M Key (University of Texas School of
Public Mealth, Howston, Texas) asked if bagzers and
warchousemen had previously worked as resctor

Dr Anne Walker replied that they had not Usually
men started as baggers and later became rescror
operativas and cieancrs. The one warehousenzn had
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never been in a reactor. One of the baggers had spent
an initial wraining period as a reactor cleaner but had
felt nauseated whilst in the reactor. After the first iwo
weeks he had worked entirely in the dry building for
four vears, The other bagger was an epileptic and had
never been in a reactor.

Dr Premysl V Pelnar (Monireol, Canada) asked what
bload flow mcasuremnents were dome ?

Dr Aane Walker said that blood flow measurements
were made on 10 men. The subjects were kept in an
ambicnt temperature of 27°C for one hour, then the
room wxs cooled to 10°C for the next hour and finally
the room tempersiure was raied to 27°C for the final
hoyr.

During the three hours total finger flow in the index
finger was measured by means of 2 plethysmograph
and capillary flow in the middle finger by electrical
impedance, Additionally, the skin temperature on the
back of the hand was measured,

Dr A Milford Ward
(Depariment of Immunology, Hallamshire
Hospital AMedical School, Shefficld, S10 2RX')

Evidence ol an Immune Complex Disorder

in Vinyl Chloride Workers

The occurrence of Raynaud's phenomenon and
loss of bone density in association with dermal
thickening which constitutes the syndrome of
acro-osteolysis (AOL) hag been recognized in the
vinyl ¢hloride industry since the mid 1950s. but
the overal! frequency of the syndrome has been
low and no serics have been subjected to thorough
immunological investigation. Revent studies have
indicated that the disease process it not conlined
1o the skin and skeletal tissues, but is s muli-
system onc with involvernent of many organs and
tissues. ‘

lmh:iélluydimmd\emiﬂl investiga-
tion of 53 workers from a single factory has
revealed evidence of a chronic soluble complex

.

" disorder in 2! individualy, The extent and severity

of the immunological abnormalities parallels the
clinical features to a large extent, but some indivi-
duals show laborztory evidence of an aclive
disease process at a stage when the clinical
featrures are minimal or absent. Circulating
immune complexes were demonstrated in 9 out
of 10 individuals who were severely affected
clinically; in 7 our of 13 individuals who were
symptomatic to a degree that they were incapable
of active employment; and in £ out of 28 indivi-
duals who were symptomatic but able to work.
Immune complexes were not detected in §

L"'Wﬂ-ua.m m -—ummmww NI T TR,
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individuals from the factory who were completely
asymptomatic.

The major features of the disorder include hy-
perimmunoglobulinemia, cryoglobulingmia and
ervofibrinogenemia. and in wiro complement
activation via the classic pathway with C4 and C3
conversion. There is, in addition, evidence for a
reduced T cell population, with low spontaneous
sheep cell rosette counts, and an increased B-cell
population, as evidenced by an absoiute increase
in lymphocytes showing membrane bound
immunoglobulins, The total lymphocyte counts
are usually normal or slightly increased. Some
patients show non-organ-specific antitissue anti-
bodies of low titre but rheumatoid factor is
universally negative.

Immur.ofluorescent examination of _biopsy
material {rom skin (8 patients), muscle (1 patienr)
and lung (1 patient) has shown 1k: presence of
cireulating immune complexes, with deposition
on vascular endothelium and ocdusion of small
vessels. In those vessels which show subintimal
proliferation. and luminal occlusion, immuno-
globulin, complement and fibrinogen are present
in the subintimal regions of the vessel 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 symhﬁu. The incorporation of
the chloride radical into protein synthesis could
result in a structurally abnormal protein which
would renct a2 antigenically “foreign’ material,

The association of these experimental data
with the observed immunological profile allows
the construction of a theoretical mode] of the
disease process. The initiating seguence is at
present speculative and remains to be proven by
further study, but the later sequence of events can
be adequately explained by the immunological
sbnormalities.  Structurally abnormal or anti-
genically ‘fom.n protein escapes 1 lerance and

. incites an immune response with B-cell prolifera-
“tion and hyperimmunoglobulinemia. The immune

complex formed by interaction of the antigen and
amjbody is cryoprecipitable and will activate the
complement sequence. The cryoprecipitate and
the reactions secondary to complernent activation
will produce vascular occlusion and fibrinogen/
fibrin conversion and polymerization.

The frequency with which abnormnalities have
been detected in this series, especially in that
group in whom there were no overt clinical signs,
suggests that the disease procsss may be more
common than generally supposed. The theoreti-
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cal. and at present speculative, initiating sequence
of reactions in this disease process also raises the
question whether uther unsaturated halogenated
hydrocarbons may also be involved in a similar
chain of events.

Further studies are in progress in an atiempt
to clarify the initiating reaction sequence and to
define the precise relationship berween vinyl
chioride and the observed immunological anoma-
lies. : .-

DISCUSRON

Dr Leo Djernssi said that fatty liver might be the early
histological change in liver caused by vinyl chloride,
In one of his cases which began with splenomegaly,
liver biopsy showed a fatty liver. The patient did not
consume alcohol hubitually. The finding was not
surprising. as chlorinated hydrocarbons were known
10 cause {21ty liver. The clinica! development of this
case brings us 1o the evidence of immunological
phenomena in those exposed 1o vinyl chioride, 2nd to
the possibility of another 1arget organ - the spleen.
Splenomegaly was the first deviation in this case, and *
increased progressively. Hypersplenism followed.
Splenectomy and splenorenal shunt were indicated
because of asophageal bleeding. The patient’s condi-
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Dr A Milford Ward replied that the classification used
in this study was a clinical one, bused on history,
physical examination, and an assosment of the
patient’s ability to continue hit employmen. 1t
therefore included such aspects as splenomegal ,
acro-osteolysis, and scleroderma.

Dr E Vigliani (Milan, Jtaly) asked whether the presence
of B and T in the tissues could be detected by ime
munafluarescence.

Dr A Milford Ward replied that lymphoreticular
tissue was not examined histologically or immuno-
logically so the presence of T and B cells could not
be assessed in tissues. T and B cell counts were per.
formed on peripheral blood.

Dr Ruth Lils (Mownr Sinal School of Mcdicine. New
York) asked whether immune complexes wers found
in the kidney, There were in the literature 2 number of
casex of Goodpasture's syndronw in persons exposed
to chlorinated hydrocarbons,

Dr A Milford Ward said that renzl tissue was not
examined. None of the patients showed clinieal
evidence of renal disease, and it was not considered
ethically justificd 10 biopsy the kidney in the absence of
proteinuria or hematuria. Aatibodies 0 renal
glomerular basement mernbrane were not detected.

tion improved sufficiently to enable him to work full

time on a nonstrenuous job.

Prolessor Margaret Tumner-\Varwick (Cardiothoracic
Institute, Brompton Hespital, London SW3) asked
what was the cause of the T cell depression mentioned,
and whether the spontaneous sheep rosette T cell
counts were confirmed by other in vitro tests such as
PHA transformation.

Was there ¢vidence whether C3 conversion was
triggered by the classical or by the alternative path-
way? :

Was evidence found of imunune complex depasition
in capillaries of the skin and lung as well as in the
Iarger vessels mentioned ?

Dr A Milford Wand replied that the cause of the T cefl
depression was not clear, but it was & feature ofien
uen_incimminﬁnmmcunoludk«dmwin

partially coofirmed by 3 mild depression of the PHA
reactivity of the peripharal blood lymphocyses.

Complerant activation in vinyl chioride disease was
by the classic pathway with conversion of C4 a3 well
as G, a2 would be expecied with IgG class antibody
directad against the antigenic groupings.

1munone complex deposition was foumd in capil-
laries and small vassels in skin, muscle and lung.

Dr L Magos said he would like 10 ses the patients
classified by grade, since it was always frustrating to
read of ‘severely affecied’ people without kpowing
what ‘severely affected’ meant. The grading could be
based on degree of splenomegaly, acro-osteolysa,
scleroderma &c.

Dr1F H Purchase, Mr C Richardson
and Dr D Anderson

(ICI Central Toxicology Laboratory,
Alderley Park, near Macclesfield, Cheshire)

Chromasomal Effects

in Peripherai Lymphocytes )
Vinv chicriic produces liver tumours in animals
expotad by irhalation (Malioni & Lefemine
1974) or dosed by the oral route (Malioni e af.
197%, Purchase 1975, unpublished). Epidemio-
‘logical siudies demonstrated that workmen
exposed 10 viny)] chloride had an increased risk
of developing certain tumours, panticularly
hepatic angiosarcomas (Cresch & Johnson 1974).
In common with other aarcinogenic chemicals,
such as benzene, recent studies have demonstrated
that workmen exposed to vinyl chloride have an
increzse in the percentage of lymphocytes with
chromosomal abnormalities (Funes-Cravioto er
al. 1975, Ducatman er al. 1975, Purchase e al.
1975). Swudies 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
chemicals. If there is 2 quantitative relationship
between the percentage of chromosome abnor-
malities and the amount of exposur: 10 the chemi-
cal, the estimation of chromosome abnormalities
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may provide a useful tool for determining levels
of exposure which do not produce this muiagenic
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

hased on the type of work carried out: Group |
areautoclave operators; Group 2 are maintenance
waorkers who have worked in the polymerization
plant; Group 3 are thase who work in polyvinyl
chloride (PVC) production but not with auto-
claves; Group 4 are maintenance workers in the
same area as Group 3. It is virtually impossible to
define exposure of these groups of workers to
VCM apart from saying that the autoclave
workers have the highest exposure and Groups 3
and 4 the lowest, One worker, who was employed
as an autoclave worker for 11 years and sub.
sequently as a maintenance worker for 14 years,
has been included in Group 1.

Blood samples were taken and lymphocyte
cultures were prepared using standard Difco kits
(Difco Laboratories, Dctroit, Michigan, USA).
Lymphocytes were cultured for 48 or 72 hours.
All slides were coded before scoring, to ensure
unbizsed analysis. One hundred cells per indi-
vidual were analysed (except for one individual
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 were excluded from the study.

The results of the chromosome analysis are
given in Table 1. All individuals were found to
have normal male karvotype, except for one who
had a 46, XY karyotype with inversion of No. 3
chromosome. There was no significant difference’
betwesn 48- and 72-hour cultures so these data

control group. The difference between the com-
bined resiults from the exposed groups and the
control group is sutistically significant. Theds
results confirm the findings of Funes-Cravioto
Table 1
Ramic ehwrosnassme shasrmalitios It werkers
emplaywd is PVC manaiseture (B and C alls clasaified
accovding 10 Butheon & Mke

No.of RCels CUCelly CSCells

Werkers () (R 2

. “

gm0 8 I1E
Growp ) s - 120 om
Groupd 12 Y] 1.19 o
Controls on site 19 16 4.9 ale
Comrols offsive 3 Fr 0.30 0.00
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et al. (1975) and Ducaiman ¢r al. (1975) that
workmen exposed to vinyl chloride have an in-
creased pereentage of chromosomal abnormalities.
There is also somw incomplete evidence that
higher exposure results in larger increases in
abnormalities. This relationship still requires to
be studied in more detail,

The induction of chromosomal abnorhalities is
indicative of a mutagenic effect of vinyi chloride.
It is important to know whether vinyl chloride is
capable of inducing mutagenic effects in other
test systems and particularly whether such an
effect is produced on germ cefls. Accordingly
vinyl chloride was examined for dominant lethal
effects in mice. Groups of 15 male mice were
exposed to 3000, 10000 or 30000 pans/10* of
vinyl ¢hlotide for 6 hours per day for § conscou-
tive days. Exch male was mated with 2 virgin
females per week for & weeks and the females
were killed ar 13 days and examined for dominant
lethal eflects. There was no significant increase in
any of the parameters (carly deaths per implanta-
tion, early deaths per pregnancy). Vinyl chloride,
therefare, did not produce dominanr lethal effects
in mice, indicating that it did not produce a
mutagenic effect in germ cells even at these high
levels, '
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Dr Sytvia D Lawier (Royol Morsden Hospital, London
SV asked were the chromosome breaks distri- .
buted at random? Was & banding technique used?

: Were the people who actually had symptoms separated

omn? Genetic effects on human gonads were not
absolutely excluded by negative results in a dominant
lethal experiment in mice. Waes there any evidence of
lower fertility?

Dr 1 F H Purchase replied that the chromotome
breaks were distributed randomly. No tanding tech-
niqua was uscd, The people selected to take pant in the
nudyweunndomlyulmcdlm!hadmtm
separated into those with and without symptoms, The
only evidence that had been produced experimentally
suggested that genetic effects did not oscur in the
gonads and no eflect on fertility was seen.
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Dr L de Boer (7he Hague, Netherlands] said that Mrs [
Fleig had reported (Medichem Conference on Chromo-
some Aberrations, Milan, October 1974, in press) on

. chromosome studies in which there were not more
- abnormalities in the exposed group compared with a

control group. .

De | F H Porchawe said that his was the third study
which had described such abwormalities. the other
being thase by Funes-Cravioto er al. (1973, Laneet i,

- 459) and Ducatman er al. (1975, Muwration Resecrck

31, 163).

De D G Swiths (Zerelit Lid, Dleworth, Middlesex)
asked whether Dr Purchase's results showed a
statistically significant difference between categorics
14 of exposed workers, ic. those working on the
autociave (1 and ) and those away from the autoclave
(3 and 1), assuming that the autociave ares was the
one of maximum exposure.

Dr I F 11 Purchase replied that there was a statistically
significant difference berween the resuits from auto-
clave workers and controls, and between the results
from all expased workers and coatrols.

DeKJ W Taylor

(Depariment of Diagrostic Radiology.
Yale University School of Medicine,
New Haven, Connccticut, USA),

Dr J .J Barrett

‘( Department of Nuclear Medicine,

King's Collcge Hospital, London SES),
Dr D M J Williams .

(BP Chermicals Internmional Lid,
Sudly, Penarth, South Glamorgan),

Dr P M Smith

(Depariment of Medicine, .
Velsh National School of Medicine, .
Llandoughk Hospital, Penarrh, South Glamorgan),
and Dr B W Duck

. (Qccupational Health Unit,

BP Research Centre, - .
Sunbury on Tharnes) ;

Preliminary Results of Grey-scale Ultrasonography
Ins the Datection of Vinyl Chioride Related

Liver and Spleen Disease

A number of cases of angiosarcoma of the liver in
warkers exposed to vinyl chloride monomer
(VCM) led 10 the recognition of the portential
hazards of such exposure (Creech & Johnson
1974, Block 1974, Lee & Harry 1974). To dute,
there are only 47 such cases dexcribed in world
literature, 30 angiosircoma can be regarded as a
rare manifestation of VCM toxicity. However,
less dramatic changes including periportal fibro-
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sis. portal hyperiension, «esophageal varices and
splenomegaly may be common results of VCM
toxicity (Marsieller ez @l. 1973, Smith & Williams
1974, Makk er al. 1974, Thonwus ¢1 al. 1978,
Lange ¢1al. 1974),

In view of these adverse reports, a survey was
undertzken of 487 workers with varying exposures
to VCM by two of the authors (Williams &2 ol.
1975). Full blood pictures were obtained and
standard liver function tests were done. Two.
patients identificd by a thrombocyiopenia of
72000 and 45000/mm?, and slightly raised
G-glutamyl transpeptidase G-GT levels, were
subsequently found to have periportal fibrosis,
portal hypertension, splenomegaly and asopha-
geal varices on barium swallow, plain abdominal
radiography, spivnic venography and needle
biopsy of liver.

ft was clearly unacceptable to carry out these
invasive investigations on all exposed workers,
but the less invasive techniques seemed refatively
insensitive. Thus, a pilot project was carried out 10
ascertain whether ultrasound offered a possible
noninvasive method for visualizing the liver and
spleen in workers exposed to hepatotoxic agents.
Initial resulis proved encouraging (Taylor er al.
1973, Williams e a/. 1976),

Although ultrasound has been used as a diag-
nostic tool in obsictrics for many vears, the instru-
mentetions was comparatively crude since the
relevant e¢choes to be displayed were of large
magnitude and did not require sophisticited
instrumentation. Kossoff (1974) developed greatly
improved equipment w hich was clinically applied
to obstctrics, the eve, breast and thyroid. Lsing
similur instrumentation. the technique was evalu-
ated for the investigation of liver and splenic
pathology (Taylor es aly 1973, Taylor & Milan

Infezior
valkp €l
Fig | Schema 1o show movement of transducer to
disples the anoromicol fvuiurcs thown in Fig 3.
The portcl vein ix shawa anicrior to the

inferior vena cava
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Fig 2 Parasagittal scan of liver 2 cm to right of
midline showing normai liver consistcacy', porral vein
and Inferior vena cava, ( Reproduced from

Taylor ct al. 1973, by kind permission)

1976). This technical development was called
grey-scale ultrasound, and the major difference
between this and older instrumeniation is the
ability to display the normal tissue parenchyma.
Thus, whereas the liver was previously found to
be a relatively echo-free area in which only con-
tour and size could be distinguished. the display
of the normal parenchyma allowed diffuse patho-
logy to be recognized due to an abnormal pattern.
Small space-occupying lesions appear now as
small defects of the normal parenchy ma,

The liver is scanned in a series of parnmedian
sections illugtrated in the schema shown in Fig 1.
The resulting ultrasound scan is shown in Fig L
Uhrasound is a fast means of acquiring data.
Using this single pass technique through the liver
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'Fig X Parasapiticl section of liver from potient with
vinyl ehloriderelated portal hypertension. The port

vein is dilored and aighly tortwouns. Notc that there are
very larpe echoes from the moﬂhr liver .
which is consistent with (arrowed).
(Reproduced from Taylor et al 1973, by Lind permissiony

as shown in the diagram, good resolution is
obtained without degradation by respiratory or
cardizc excursions. This ultrasound technique
involves no ionizing radiation nor other kiown
hazards, no discomfory, and no need for contrast
media. It does require considerable operator
expertise and high quality instrumentation, which
has only recently become commaereialiy available,
Machines which do not display the consistency
of the liver are unsuiied for examination of ix.
Nineteen volunieers were selected from the
factory workforce, witht varying exposures to
vinyl chloride monomer which are summarized in
Table 1. Only 2 patients had no exposure at all,
but 7 were normal on standard testing (Table 2).

" Table 1
liver and splenic -
. VCN w 3
3, Taylor & Milan Dumaken g bevaln of VOM expaares (from Wikliass of ol 1976) _
Constund expomwe . " Inurreninent o xpismy

1T 4 (Newapswrd . N expwnere) . -
3 8 - (Neayews) — (Noazposure)- . -
y » WL
4. 4 S 1y e © Ot 19y Am R
s . 10e. 0y Sm Yy Tm . - }
& 43 Sy = ¥y 4m iylGm e
7 » Iy Jm By = 10m -
[ ] 47 Ty 3m & m Iy im
1 4 » Sym 3y Im
19 a8 ly tm tm Sy Jm
T ) 15y em ly tm ™
12 » iy
13 M 3y om ¥ -
14 41 o im Yy Im
15 = n 2y Im 17yiim by Im
[T ) 13y m iy im
53 gs PR
i 4 4

7t of transducer 1o A wo o m iy m

“shownin Fig 2.
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The ultrasound examinations were carried out
by the same operator (KIWT), who had no know-
ledge of the results of the screening tests carried
out at that time nor of the exposure of any par-
ticular worker. Abnormal findings included in-
creased size and tortuosity of the portal vein
associated with portal hypertension, probable
capsular 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 clinical examination, full
blood picture, urinalysit and standard liver
function tests. Repeated abnormality in any in-

vestigation led to further

Tabh' 2

investigation including

barium swallow, plain abdominal radiography,

o, od o ad i

ud %3 My m'uu Wilhams ot wl. 1978}

$0000 mav’. BSP 21 %
(43 nin). Splesowegaly.
(Poracaval thunt 1968)

Care Sianderd methads Ulirassmoy raphy
1 Noyma) Normal
2 Novenal Nayro)
3 Normal Normal
4 Liver ¢ con enlargnil t:-:hllydunilvw
normal consisiency
$  Normal Normal
[ Nermal Technically @ifouk (ohainy).
Enlarged porial win,
£074 incraau In spiorm sl
1 MNormal Enlarged ponial vein,
splanomeyaly (11 cm)
Noveal Enlarged Lver with & degren
. of abaoemal Gbrosin
L ] ARcaling phosphatase Portal vweis not shown,
Stivn Splasa 1wice Aovroal sise.
Liver comimtancy
slightly sbnormal
10 Wedgw liver biopay: portal  Enlarged Mver with
trakt Abrowis in places rousible facty intliration
ding tne p h .
" Bilirubin M umoll Portal vein enbirged.
SGOT 40 iuf Marked splcnomegaly (15 cm).
Livar tachnically dif! <ult (0 aop
12 Nandls Nver biopry: stight Novew!
Abrasis and Mty changd
13 $OTOWLOGTS v Purial wain and rplas
Nendle Bver bispry: nprmal, Liver difficak

14  Pmiety 106 600jman® Large ponal vain and
splvas (12 om). Liver enlerned,
N changs in eosslisancy

13 SOPFTALiw. Nedle . Panal vis and splasn
Iver blopey: Gty changt sevmal, et pensshis sirrhatis

chatge i Bvar

16 300T WA Normel
»OT 3 A '

17 Bilirubie 21 uselfl, GOT of poreal
66 imft, plnteiess #9 000/ man’. -wuu-.a.um...
werices, parigoris] Shrosis

18 GOT B2 A, platriets Splancmegaly, Marked
45 00dimn®. BEP 1994 cirThotia thangas
(45 min) Splenawwynly. and fatty infliration
-uh-@ln'“ﬂer-fa'u!.
pariportal Abrosis

1] Bilirybin 43 melY, Mariked splenomegaly and
SGOT 20iu/l. plawehms arvery chirhouiy
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Hf 4 Ultrasenogram of spleen

scanned along muh

1 imterspace. When the spleen is enlorged duve
portal kypertension, low-level echoes are m'mu-d and
40 appear dark., The ’nU:qmn m em oporl, and the

spleen is thus 17 em in lemgth. T

nt was not
apparent on a plain ebdominal mﬁogroph

esophagoscopy, splenic venography u-\d liver
biopsy.

Comparison of the results of ulrasound and
routine methods in Table 2 shows that known
pathology in Cases 4. 9, 10, 11, 14, 15 and 17-19
were confirmed on ultrasound examination.
Cases 1,2, 3 and 5 were confirmed 10 be normal.
Cases 12 and 13 were known to have liver abnor-
mality on histological examination but this was
not detected by ultrasound examination. How-
cver, additional information was obtained by
ultrasound in Cases 6, 7, 9 and 1]. In all these
workers, the ultrasound findings led to a review
of the radiological results and these are sum.
marized in Table 3. The vitrasound results were
confirmed in 3 patients and were not contradicted
in Case 6, in whom obesity prevented adequate
assessment of spleen size oa a plain abdominal
radiograph. These volunteers were taken from a
workforce of 487 of whom 20.9% had abnormal
biochemical or hmmatologic results on initial.
testing. Further, intensive investigation failed to

-reveal the early pathology which was demon-

strated by grey-scale ultrasound and was eon-
firmed rewospectively by radiological examina-
tion. The main advantage of ultrasound lies in its
potential as a noninvasive 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 aytomated scanners should become
available within the next yecar, while experience
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Table 3
Furthet Badi " [ "
Initinf Ubire
Case  asscsovent Furiber anesonent
6 N 1 < Bard
Spleen not amen on X-ray
al
1T N 5 | weaflow \}
Solacn wids rnsavenaly
bt did net extond below
. o lwgluﬂ:th_rb
T Suscopan. Showed
postible Crade | varioss.
on
rwrirw of traight X~ay of
abdomen
1 Normal 3 apuly  Postible Grade 1 vark

. can be gained if the poténtial of the method is

sufficiently promising. Preparations are currently
being made for a more extersive investigation of
the application of grey-scale uhrasonography to
detect any liver pathology in 8 community in the
United States which has been heavily exposed to
sir pollution with VCM, as well as in workmen
exposed during the course of their employment.
This further study should allow a2 more detailed
assessment of the relative value of this new tech-
nique.
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Collagen Studies in Acro-osteolysis
Collagen is a fibrous protcin present in most con-
nective tissues and it is the nature and arrangement
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 2ligned in the fibre in & paralle] and
quarter-stagger arrangement giving rise to the
characteristic banded appearance of collagen

seen on electron  microscopy. This quarter-

stagger arrangement is maintained by specific
lysine-derived intermolecular crosslinks and it is
these crosslinks which are responsible for the
strength of collagen.

When collagen it newly formed, the inter-
molecular crosslinks are labile aldimine bonds,
and can be detected by reduction with tritiated
potassium barohydride (Bailey er al. 1970), How-
ever, as the collagen matures these crosslinks
becomne stable and nonreducible and are therefore
no longer readily detectable. Studies of the
collagen crosslink patierns in normal hurnan skin
will therefore show the highest levels in infancy
and during the rapid growth period, but will fall
to virually baseline levels by adulthood. If excess
labile aldimine bonds are detectable in adult
human skin, then proliferati n of new collagen is
oceurring, ™

Collogen Studies in Scleroderma

The skin changes of scro-osteolysis (AOL) are in-

many respects analogous of those of scleroderma.
In both conditions there is severe rigidity and
thickening of large aress of skin, suggesting
qualitative or quantitative changes in the collagen.

In a study of skin biopsies from adult patients
with scleroderma (Herbert e7 o/, 1974) we found
an increased propoction of labile aldimine cross-
links in 9 of 11 patients with active progressing
disﬂu. In contrast, in patients with longstanding

nonprogressive scleroderma there was no escess
of the labile bonds, Analysis of the centre and the
growing cdge of a plaque of morpheea demon-
steated the maximum level of crusslinks at the
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However, the AOL bone lesions differ in appear-
ance from those of systemic sclerosis.

The cause of increased collagen synthesis in
scleroderma has not been elucidated. Leroy

. (1974) studied the rate of collagen synthesis by

individual fibroblasts from scleroderma and
control patients. He found that, when first
cultured, scleroderma fibroblasts synthesize new
collagen much more rapidly than controls. This
implies that cellylar factors are of greater im-
portance in causing excess new ¢ollugen forma-
tion. In 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-
nwormal fibrosis. Practolol (Brown er al. 1974) can
lead to peritoneal fibrosis, Methysergide <an
cause retroperitoneal fibrosis and ergotamine can
lead to peripheral ischzmia and has been used in
the rat as an experimental model for scleroderma
(Harris & Robinson 1974). Epidemiological in-
vestigations strongly implicate vinyvl chloride in
the puthogenesis of acro-osteclysis, and therefore
as a further possible chemical cause of incressed
collagen synthesis. D-penicillamine is a useful
agent in rhe treatmerit of scleroderma, but only
when the disease is active and progressive, that is
whilst the crosslinks are labile and can be cleaved
by the drug. When the collagen has matured, the
crosslinks become stable and the drug is no
longer efiective (Herbert «r ol. 1974). It may be
that p-penicillamine will be of value for treating
AOL, but only for active disease,

It is of fundamental interest 1o determine the
manner by which vinyl chloride lexds to excess
collagen proliferation. This should lead to a
better understanding of the processes of collagen
synthesis and could well act as 3 useful model for
the study of sderodﬂm.
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Dr Robin Walker ( IValton General Hospital,
Liverpool, 7 spoke on the subject of
Clinical Aspects of Vinyl Chloride

Disease: Liver

Section of Occuparivnal Medicine

Epidemiological Studies

Dr P J Baxter

(Employment Medical Advisory Service,
Health and Safery Execative,

Bavnards House,

1 Chepstow Place, London 132 41F)

Epidemiological Studies of

PVC Naoufacrurers and Fabricators,

and Primary Angiosarcoma 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 extent of the risk 10 workers engaged
in the manufacture and febrication of PVC. The
Employment Medical Advisory Service (EMAS)
proposed three studies: a prospective study of
PVC manufacturers, a prospective study of PVC

-fabricnors. and a retrospective study of primary

angiosarcoma of the liver, As these studies were
intended to be as comprehensive as possible they
could only be accomplished by drawing on the
cooperation and expertise of 2 number of bodies:
the industry. HM Factory Inspectorate, the
Registrars General for England and Wales, and
Scotland, the Royal College of Pathologists and
cxhp:;u ‘from university departmentt and else-
W -

Prospective Study of

PVC Manufacturers

In the past, workers engaged in PVC manufacture
were exposed 10 vinyl chloride a3 a result of work-
ing inside autoclaves or from leaks occurring at
various stages ol the process. The main aim of
this survey is to evaluate the effects of this
exposure in, terms - of mortality and cancer
registration rates according to certified causes by
including all past workers at every factory manu-
facturing PVC in Great Evitain. Present and
future workers are also to be incorporsted.

" Identification details of the workers, including

durstion of employment and details of past
exposure, are entered by the faclory personnel
deparimenrs onto individual survey cards accord-
ing to instructions provided by EMAS. Past
exposure had been graded into high (> 200 parts/
10%), medium (>25 pars/10%), and low (<2§
pans/10%), with ‘constant’ and ‘intermittent’
categories, The cards are updated annually and
sent to EMAS headquarters. Under the new Code
of Proctice all present and future exposures will
be "low”. Identification details of the workers are
sent through EMAS to the National Health
Service Ceniral Registries in England and Wales,
and Scotland. Death cerificates for these persons
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are coded 2ccording to the International Classifi-
cation of Disenses (1967) by the Registrars
General. Workers alive at the start of the survey
are flagged, a procedure which results in the
coded death certificates being picked out and
notified to EMAS at the time of death.

. This procedure should result in an almest com-
pizte follow up of workers. The total number of
males and females identified as having worked in
the manufacture of PVC is 7746 of whom only 84
(1% have not been traced, 72 (1 %) have missing
information, and 147 (2%) have emigrated.
Workers entered into the present analysis number
7410, over half of whorn are current employees;
889, were exposed to ‘low' or ‘medium’ con-
centrations, only 12%{ having worked in ‘high’
concentrations; 46 %, had constant exposures,

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

England and Wales sex-age-standardized rates -

supplied by the Registrar General.

PVC Fabricators

Exposure to vinyl chloride during the manufac-
ture of the finished articles from raw PVC occurs
as the vinyl chloride trapped in PVC synthesis is
released 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 ezch secior of the industry and to deter-
mipe whether these rates are related to vinyl
chioride exposure. There are at least seventeen
different types of industty and twenty types of
operation, and the size of the work staff varies
from a bandful to hundreds of men, Records of
emplovment and exposures are likely to 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. fartories making up the sampling frame
being provided by HM Factory Inspectorate and
trade organizations. As many as 20 000 workers
mxy be involved, The procedure for the follow ap

of workers and the analysis of the results will be

similar to that described for the study of manu-
factarers.

" Rerrospective Study
of Angiosgreoms .

" The significance of cases of angiosarcoma of the
liver occurring in vinyl chloride workers rclates
1o 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 foe
England and Wales to collect all dexth certificates
with a possible diagnosis of angiosarcoma of the

40

liver between 1963 and 1973, The results of this
study have becen reported clsewhere (Baxter &
Fox 1975) and showed that, on average, oniy 3
adult cases were certified & year in Fngland and
Wales. One case reported in 1972 had previously
been employed as a 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-
turing side.)

The main aim of this study is to identify and
wverily all diugnosed cases of primary angiosarcoma
of the liver oceurring from 1974 onwards, and to
evaluate their associarion with occupational
exposure to vinyl chioride. From 1974 onwards,
the Registrars’ General Offices are sending all

- death certificates with an underlying cause of

death stated as being liver cancer (including
primary, secondary and unspecified categorics) to
EMAS headquarters, where diagnoses likely o
be angiosarcoma are selected. Angiosarcomas
are also notified to EMAS from cancer registries,
hospital pathologists and hospital discharges
(Scotiand only). A sample will be taken from
amongst the other liver cancers, and for both
these and 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 diagnosis

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 miscertified as
other liver cancers, With the permission and
assistance of the hospital consuitants and general
practitioners concerned, the next of kin of the

decensed. Finally, our Employment Medical
Advisers will investipate the places where the
cases and controls worked and record details of
occupational exposure to vinyl chloride and other
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chemicals. They will also attempt to obtain photo-
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 inciude occupa-
tional histories and the copics of the medical
records, and an estimate of the true incidence of

~angiosarcoma will be obtained. Finally, the
frequency of oecupational exposure to vinyl
chloride will be compared between the angio-
sarcoma cases and the controls.

In conclusion, prospective and retrogpective
studies 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

* absence of a satisfactory objective test for use in

morbidity surveys, mortality data should enable
the more serious complications of periportal
fibrosis due to vinyl chloritle to be assessed.

REFERENCE
Baxter P J & Fox A J (1975) Lameer i, 27-28

DISCUSTHOM .

Dr A J Fox (Employment Medical Advisory Service,
Lomdon) said that in thé prospective study of PVC
manufacturers described by Dr Baxter great care had
been taken 10 elucidate the role of (1) year of entry
into the industry, (1) leve! of exposure as estimatod by
people who had worked in the individual plants, (3)

Dr L Mages (MRC Toxicology Unit, Carshalton) said
that in the retrospective epi i

ing
posure. How could data be obrgined on the level of
exposure of & worker who had had 1wenty yeans' ex-
posure?

In the German fiterature there were many cases of
splenomegaly. fibrosis of the liver, and thrombo-
eviopenia. Dr Mages was surprived that no similar
cases had been reported from the UK during the
meeting.

- - . .

s
e,

B R S5 A PG IR i L & 2 e A R S S e AR AT N W SRR A e g A R e

Section of Occupational Med:cine 299

Professor K Weinbren

(Department of Histopathology,
Royal Postgraduate Medical School,
Du Cane Road, London W12 0115)

Histopathology of Liver Lesions Associated

with Exposure to Viayl Chluride Monomer

So far only 2 cases of angiocarcoma of the liver .
have been reported in British workers exposad 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 15 angiotarcomas and the
structura) changes are clearly presented by these
suthors. At the same time, angiosarcomas have
been described in other circumstances, which
included prolonged exposure to srsenical medica-
tion for psoriasis (Regelson er al. 1963) arsenic
toxicity in vineyard workers (Roth 1957) and after
exposure to thorium dioxide for areriography
(Visfeldt & Poulson 1972). The lesion has besn
encountered also in patients with no evidence of
exposure to a particular toxin (Baker et al. 1956),
The characteristics of the tumour are for the most
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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, ssod 36 years, was a plasterer until six years
before we saw him. He then started as a reacior
cleaner and a "B’ operator in a plant manufecturing
polyvioy! chloride, scraping the inside of the reacter
with a chisl wesring gloves and overafls but no

" mask. Following this initial threc-week peviod he

became an ‘A’ operator, working outside the reactor,
and was invoived in charging and recovery from the
reactor and controlling the flow of chemicals including
vinyl chloride through various vaives. There was no
direct contact with the chemicals, but he frequently
noticed fumes escaping from the valves,

After three years he noticed the onset of Ravnaud's
phenomenon which progressed with gradual shorten-
ing and instability of the tips of the fingers. There was
a gradual thickening and coarsening of the skin
spreading up his arms on to the face and a litike on the
chest wall and axilla. Two yvears later he gave up work
with marked weakness of his hands and arms, which
caued great difficulty in gripping and lifting heavy
weights. .

Examination confirmed the features of acro-
osteolysis with gross thickening of the skin, but with
the following differences from scleroderma: (1) No
ulceration of the fingertips. () Insiability of the tips
of the finpers. (3) Hair follicks and hair preserved.
{4) No puckering around the mouth. (5) No telanpei-

. ectasia. (6) General coarsening of the features. (7) No

tightening of the skin across the nose,

Investigations showed slightly rsised plasma
viscosity of 1.20 ¢P, snd positive anrinuclear factor
(1:10). Skin histology shewed distinct sclerosis of the
deep layers of the skin without epidermal atrophy. On
radiography there was gross lysis of the central parts
of the terminal phalanges, the sacroiliae joints. ceraia
casiovertebral joints, the left condyle of the temporo-
mandibular joint, and loss of definition of the right
mandibuler vertical ramus. ’

Skin Crosstink Studiesin Acro-osteolysis
A skin biopty was ottained from this patient.
Reduction with- potassium borohydride revealed

a high proportion of the hydroxylysinonorieucine -

crosslink typical of new collagen formation in
scleroderma. There was also a second reduceable
component present in significant amounts but
furthcr studies will be required in order to
identify its nature, :

Quantificarion of Collagen Synthesis

Hydroxyproline is an amino acid that is unique
to collagen and is formed from proline. By grow-
ing tissue in a cuhure medium containing radio-
activeslabelled proline and measuring the syne
thesis of hydroxyproline, an index of 1he rate of
collagen formation can be obtained. We obtained

38
w0 ¢ .
[} i +
‘ 3 L
g L)
tr : ]
3 .:. r
1} o 4
. o
pMon-/ H
puoit WP o e
It e ]
s} 3 -
L h * ]
[ . .
13 2 L
Normal AOL
w'

Fig 1 Rate of synthesis o/h,vn'ra.ryrpl, lire reloted to the
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samples of skin from the patient with AOL and
also at surgery from patients with other conditions
not thought to involve any abnormality of
collagen metabolism. They were cultured on a
stainless steel raft at 1he interface between a
culture medium containing 2H-proline and an
atmosphere of 20%; oxvpen, 3% carbon dioxide,
75% nitrogen in a modified MacIntosh Fildes jar
at 37°C for 24 hours. Following culture the
specimen was homogenized, dialysed to remove
excess *H-proline, hydrolysed and separated in
an amino acid znalyser and the quantity of
synthesized *H-hvdroxyproline was determined.
‘This was related 10 the hydroxyproline content of
the original biopsy. The.results arc 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-proline incorporation into hydroxyproline,
we have confirmed excess new collagen synthesis
in the skin of a patient with AOL. These results

are analogous to the findings in the skin in -

scleroderma (Laitinen cr of. 1969, Herbert er al.
1974), and account for the thickening of the skin.
It is possible that the effect is generalized. and
excess collagen proliferation in the blood vessels
could lead to chronic ischamia with ulceration of
the fingertips and further local collugen produc-
tion. Ischeemic necrosis could similarly occur in
AOL and so produce the typical hone lesions.
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part agreed by these various workers and 1 pro-
pose to outline them, I shall also briefly discuss
some of the other changes which have been noted
in the livers of patients suffering from angio-
sarcoma and those of patients who had been
ex to vinyl chloride monomer but did not
shuw evidence of the development of tumours.

The tumour consists of cells which vary con-
siderably in appearance but seem to have enough

common features, particularly in their mode of -
. growth, relationship to vascular spaces and

stromal changes, to support the view that they
are derived essentially from one cell type.

. In general the tumours show a gross appearance
of dark hamorrhagic nodules in the liver; there is
a variable disiortion and apparent fibrosis in the
intervening liver tissue. Sometimes foci are
macroscopically les heemorrhagic, There is ofien
frank necrosis. ‘

The microscopical appearances at first glance
are variable, but analysis sugpenis a consistency,
Thomas #1 al. (1975) have delincated 2 main types
depending really on the relationship of the tumour
cells tor the vascular spaces: (1) The sinusoidal
patiern, in which dilated hepatic sinusoids are
lined by enlarged and proliferating tumour cells,
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Fig § Solid area of tumour resembling solid spindle-cell
.m‘-mu. H& E.qgu 400 ’ i

with hepatocyte plates clearly recognizable
between the tumour cells. This appearance is
found most often (Fig 1). (2) The second most
common is termed the papillary type, in which
papillary formations of tumour cells are borne
on a core of connective tissye, which may include
recognizable surviving hepatocytes, often with
canaliculi containing inspissated bile pigment
(Fig 2). (3) The cavernous type, in which the
biood-filled spaces appear even larper and are
surrounded by thick fibrous walls which seem to

be lined by the wamour cells, In addition there are - &

several varfables. The tumour cells may be well.
differeniiated in that they simulate endothelial
cells of liver sinusoids (Fig 3) and it may be
difficult to distinguish tumour cells from reactive
cells, or they may be quite unusual, showing

" irregular bizarre and gisnt-cell forma (Fig 4).

They may also present as solid box-like polygonal
cells, sugpesting an appearance similar to carci-
noid or epithelinl tumour cells. The helpful
diagnostic feature may wefl be the close relation-
ship to heputocyte plates or obvious blood-fiiled
spaces, The poor differentiation may be seen also
in the frequently found solid areas in which the
cells look like solid spindle-cell sarcoma, without
evidence in many foci of vascular spaces (Fig $).
In sum, the tumour ¢cll is distinguishable from

* Section of Oceupational Medicine 201

hepatocytes, resembles cells normally assoviated
with vessel walls and appears to be closely related
to vascular spaces with variable degrees of
abnormality.

There are changes in other clements, both in
tumour-bearing regions and in pans of the liver
which appear to be free of tumour. Thes: changes
seemn 1o involve mostly the supporting stroma.
In the regions of the tumour, the perisinuscidal
reticulin fibres are prominent, obviously in.
creased and appear to run between the tumour-
bearing sinusoid and the hepatocyte plate,
apparently causing reticulin increase in the space
of Disse. which exists between liver cell and
normal sinusoidal wall. The alteration vuries
from a minor inconspicuous (as the authors
abroad put it) increase in reticulin fibres which
may not be seen without the use [ special
staing (and in fact, both special stains and special
optical manmuvres may be employed t  highlight
this change) to massive increase of collagen fibres
which surround the hepatocyte plates, clearly

obstructing the lumen, sometimes apparently en- -

e ‘-Q"- -

Fi':‘ ?l. Fibroxis associatcd u"i:l o}lgmﬁun of. .;buuaid:
and disappeararce or airophy of heparocytve in
angiosarcoma. H & E. x. 150 ’
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trapping single heputocytes, and sometimes with
no hepatocytes appearing to survive (Fig 8). It is,
of course, not ¢lear whether the fibrosis precedes
hepatocyte loss or not, but appearances suggest
that it docs. Such hepatocyte survival coours even
"in the middle of very poorly differentiated
tumour, a phenomenon which is quite unusual in
the case of other tumours.

Remote from the tumour-bearing areas, such.

perisinusoidal reticulin increase is recognized and
again it varies from the minor inconspicuous
form to quite striking fibrosis (Fig 7).

There is also conspicuous fibrosis in portai
tracts with a patchy, sometimes marked, peri-
“vascular and periductal fibrosis. The venous
lumina which are thought somstimes ta be cont-
promised in other forms of filvosis, such as the
Indian noncirrhotic portal fibrosis, are not
regularly affected in this way and would be
uniikely to provoke the portal hyperension some-
times described. Subcapsular fibrosis has been

Fig 7 Liver blopsy sections :howinf voriativns in :
intraiobular sinusoidal revieddin. Upper, slight incrcase,
Lawer, much increasc. Gordon & Sweet silver

impregnation; Dark-yground lllwmination. ~ 360
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Fig 8 Hepatic eapsular fibrosis in patient expased to
rinyl chloride monomer and presenting witk portal
hypertension, H & E. % 150

repeatedly observed in the cases from the United
Siates and this seems sometimes to be continuous
with the fibrosis in the portal tracts,

The relevance of such nontumourous changes
to the subsequent development of angiosarcoma
is of course one of the major practical issues at
present. Such changes are sometimnes found in the

livers of workers exposed to vinyl chlovide:

monomer and we have had an opportunily t  see
sections referred by several cliniciang concermed
with this problem, including Dr F Lee, Dr Robin
Walker, and Dr I F H Purchase. The findings will
probebly be incorporated in their own reports
but, in summary, several liver biopsy sections
have been looked at for the nontumour changes
described. It happens that both controls and
exposed patients have quite a coment of fat and
that several of the exposed personnel do show
sinusoidal thickening, difficult 10 make out, but
easier in dark-ground preparations. One particu-
lar case, which [ hope Dr Frank Lee will repert,
presented with portal hypertension and had quite
striking cupsular thickening, diffuse sinusoidal
reticulin increase, hypertrophy and possibly
hyperplasia of endothelial cells, and what scems
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prmm-re mitotic ubnormality in some patient as
Fig8. l{ & E. <600

to be striking hwpatocyte involvement, even with
mitotic abnormalitics (Figs 8-9).

The question whether these lesions are signifi-
cant as premalignant changes is unanswered, as
many of the alterations ¢an be found in other
conditions such as congestive cardiac failure,
endothelial cell hyperplasia in cases of lymphoma,
and of hepatocyte and other changes in many
drug toxicity situations. Other pathogehetic
questions also bave to be. posed, such as what is
the primary Jesion, which cell is involved in the
formation of the tumour, what is responsible for

the curious fibrosis and survival of the hepato-.

ovtes.  Understanding these processes would
probably enable us to make' s better assefsimeént
of individual risk factors and perhaps 10 work out
whether there is a tolerable exposure. |
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Epidemiological Studies of Vinyl Chloride

Health Effects in the United States

The vinyl chloride (VC) problem has had a con-
siderable impact in the United States during the
past vear and a half. Perhaps related 10 the age
and conditions of the VC industry, or simply to
the sheer size of it, the United States has so far
had the largest share of cases of VCeinduced
hepatic anginsarcoma (HAS): at the present time
there have been 17 known cascs in polymerization
workers (Lloyd 197%). The finding of the initial
cascs was a drumutic event. and unlike what has
occurred with many other proven or suspect
carcinogens, the confirmatory experimental evie
dence arrived almost simultaneously with the
epidemiologic results (Maltoni & Lefemine 1974),
The widespread indusirial applications and uses
by the consumer were instantly appreciated, and
since the VC problem also arrived at a time of
growing awareness and concern among workers
and consumers about environmental und occupa-

* tional hazards, it served to focus these concerns.

Within the first few months after the initial
cases were described a number of worrisome
reports appearcd. Investigators’ in' Louisville,
Kentucky, and also at Mount Sinai Hospital in
New York demonstrated a high percentage of
liver functionr abnormalities in polymerization
workers. suggesting & broad problem (Makk e7al,
1974, Lilis er a/. 19735), and, in addition to this, the
earliest mortality studics (Monson er af. 1974,
Tabershaw & Gaffey 1974) suggested increased .
rates for nonhepatic tumoury,- parallefling the
multiplicity of tumour types seen in experimental
studics (Maltoni & Lefemine 1973), Review of
records at the Connccticut Tumor Registry,
staried in 1935, revealed 5 definite cases of HAS;

- 4 cases were clustered in one indusirialized arca

and had occurred tince 1967: 3 of these (and
possibly a fourth case where the diagnosis was
uncertain after review of slides) occurred in
wockers at two polyvvinyl chloride (PVC) fabricat-
ing plants or in residents living nearby (Landrigan
& Heath 1976). Further conczrn was generated by
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repurts of the poteniial earcinogenicity of chemi-
s structurally relaied to VC. c.g. chloroprene
tLloxd ct al. 1975) and wrichlorocthyiene (National
Cancer Institute 1975, unpublished data), and by
the knowledge that VC warkers in many instances
have been exposed to multiple related chemicals,
including vimylidene c¢hloride and acrylonitrile
(vinyl cyanide),

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

HAS Swrvcillance

A death certificate search for all cases of HAS
recorded under ICD Code 197.8 (Sih Revision),
which encompasses various miscellineous forms
of liver tumour including most cuses of HAS, was
undenaken by CDC for the years 1966-73 in the
United Stwates. This scarch is almost compleied,
with only data for New York City not yet
available at the time of this review,

Table 1 shows the number of cases of HAS and
nan-angio hepatie sarcomas by vear of death for
196673 there s no evidence for an increase in
the incidence of these malignancies during this
period.

A review of the relative occurrence of hepatic
sarcomas recorded under ICD Code 1978
showdd angiosarcoma 10 be the largest group
(35%. of total hepatic sarcomas), l'ollowcd by
sarcoma of unspecified type (31%,), leiomyo-
surcoma (1297). fibrosarcoma (7'.). and a
grouping of misceflaneous sarcomas (15%,)

_ Table 1 .
Hopotic ntwwwiny b the I.dd!lm.huo-ud
hintglany snd yeur of dvavs. 1998-19"3
Yearof AR Nemnis
b vy Asglceme  saTems
1956 n s n
197 " " ko)
1948 D ’ 1]
199 4 7 -7
R M 13 14
"m b} 3 [} ]
ma . [)
11 3 * »
1% o 1=

G From denh eertificaiw. ICD Cuds 197.8 (S4h Revision),
13atn froem Kew York Chy nou incladed
& Half year samply

e = ——— 1 te— . - HE L =

Tuble 2

Hepatic sagiossreoms in the L‘-‘l;d Staten @
by ape at dohah and yea, 1564-1973

Ane at deark
(xrary)
09
10-1%
20.29
w0-r»
4049
039
6-09
079
0+

AMale  Femzle Toral

LA I TTR

-
-t b LA

13
10
L]

3

-
[FYVEFRTR R N Y

&
E

© From deash ceniticaien, 1CD Cous 19785 (8th Revision).
Dais for New Yark City aot inciaded

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

Table 2 demonstrates a male 1o female ratio of
2:1 for HAS. Sixty-two percent of cases occurred
in the group aged %0 or more, with 26§ in the
30-49 vyear age group. Non.-angio hepauc
surcomas differed in having 2 male to female ratio
of only 1:1, and an altered age grouping with
78°%, of cases aged 30 or more and only 9 in the
30-49 vear age group, These differences are con-
sistemt with a hypothesis that occupational ex-
posure may be a more significam facter in the
causation of HAS than of non-angiv hepatic
sarcoma. -

Only 2 of the patierus with HAS ia the death
certificare review were recorded as having worked
in PVC or plastics plants (1 PVC polymerization
worker 3.4 | accountant in a PVC fabrication
plant): both were cases which had beon identified
prior to this study. No other occupation is

recorded more than wice except for the occur-
renve of § printers, Although all were subscquemb
confirmed 2¢ printers. a preliminary review of
patholugy records and spocinwens suggests that
4 of the 5 cases may have been mcumnl) diag~
noscd as HAS,

CDC has supplemented the death certificate *

survey with an intensive case-finding effor,

" including a national mailing 10 all pathologists, -

state epidemiologisis. and major cancer referral
centres and tumour registries, secking information
on as many cases of HAS as possible diagnosed
in the US during the yeurs 1964-74, At the present
time approximately 240 cases have been identified.

Pathology specimens for about two-thirds of these
are currently under review at the National Cancer
Institute and the Armed Forces Tnstitute of
Pathology. An epidemiologic evaluation of all
cases to obtain more detailed histories regarding

uce
006620

Gt sk TR - Ltk

47

past o
resican:

Mediee!
Togetr:e
Grovp
NIOS:
medicc
a plane

T oldes:

State:
130 ¢.r
simii_-
plan: -
tion
age, ¢

gron"

T are

anc ‘¢

sig
an:
bi‘:-,
ar
anz.-
anc -
vt
no' -
at-
-exy
g
i
st
o
tive-
ind
of
for

poir—

-dete

live:
over
from
wir -

Cok:

Polyr
One ¢
the ¢
respit
cohor
pathe
lung

specir
undi~




il

cidis
iflit

ull[l

i

of HAS for

27 to fermalke ratio of
:3 of eases occurred
3y with 26%; in the
‘kdon-angio hepatic
e to female ratio
gt grouping with
nd only 9°; in the
ifferences are con-
occupational ex-
=Zcant factor in the
E:'Wﬂ'lnmo hepatic

E HAS in the death
=1 as having-worked
#¥C polymerization

=5 P\C fabrication *

= been identitied
=W occupation s
.‘:Dept for the occur.
"} were subsequently
~u1uumry review of
Iens sugpests that
incorrectly diag-

,‘:?3

'_:e death certificate
-aue-ﬂndmg effort,
"30 all pathologists,
:Jor cancer referral

Heeking information
‘Tossible diagnosed
4. At the present
'¢ been identified,
; Iwo-thirds of these
2e National Cancer
orxs Institute of
e\-aluanon of all
nistoties regarding

- ma e o

47

past occupations, toxic exposures, and places of
residence is underway.

Medical Sereening of VC Workers

Togetber with the Occupational Health Studies
Group of the University of North Carolina,
NIOSH-CDC recently concluded a cross-sectional
medical screening examination of 530 workers at
a plant in Pennsylvania which contains both a
large tyre-building fucility as well as one of the

" oldest PVC polymerization plants in the United

States. Included in the study were approximately
130 current PVC polymerization workers and a
similar number of control workers from the 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 'from those
areas of the tyre plant where exposure 10 solvents
and dusts was least.

Preliminary review of the results shows no
significant diffecences between the 2 groups for
any of the 6 liver function tests performed (SGOT,
bilirubin. alkaline phosphatase, LDH, GGTP,
and ornithine carbamyl transferase). Additional
analyses based on levels of VC exposure, duration
and type of job, and other subgroupings are
being done; these preliminary results however do
not suggest the occurrence of liver function
abnormalities on a broad scale secondary to VC
exposure. One should of course be cautious about
genernlizing from the results at a single plant, and
it will be important to compare these findings to
studies at other PVC plants. It is also important
to realize that since liver function tests are rela-
tively insensitive 10 the early tinding of VC.
induced hepatic disease (i.e. fibrosis), the results
of this type of testing are not a relisble estimate

for the prevalence of VC-induced disessés Liver
scans were also performed on all workers with-
more than 10 years duration of work in the PVC.

polymerization plant, and no cases of HAS were:

. detected. Some increase in frequency of palpable

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

Cohort Morrality Stuly at Four PVC
Polymerization Planty

One of the results of this NIOSH-CDC study was
the demonstration of an increased SMR for
Tespiratory system cancer among members of the
cohort (Waxweiler er al. 1978). On preliminary
pathologic review, it was also noted that of the 12
lung cancer cases all 8 for which pathologic
specimens were available were either large cell
undifferentiated or adenocarcinoma of the lung;
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Table 3

Lung cancey ameas werker st PVC polymerization planee in the
Uited Staras by bistelagic croe snd extent of VC expomme

Exsrws of VC expcmre

Lext tham  More 1han
Hizologic type  Nome ewtyout owideer  Toral

Epidermoid 1 1 0 1

Small cel)

undifferenziared 0 3 ] )

Adssoearcinoma 1 1 4 [

Large call

vedificrendinied 4 [ ] [ 10

Usthusifiad ] (] L] H
7 3 10 n

if confirmed, this unusual cel! ype diswribution
may support the association between VC exposure
and occurrence of Jung cancer,

There are, however, two additional features
which should be considered in evaluating this
potential relationship. When ail 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 cascs of lung cancer (out of -
48) were available for pathologic review. The
increased incidence of large cell undifferentizted
and adenocarcinoma of the Jung was seen in VC
workers with more than 1 vear of exposure, while
a distribution more closely resembling the ex-
pected small cell predominance was seen for VC
workers with less than | year of exposure.
Interestingly, however, cases of lung cancer in
non-VC workers st these plants, although small
in number, appeared (0 have a cell type distribu-
tion which was also predominantly large cell
undifferentiated (Table ). In addition, unlike the
situation for HAS in these plants where all but
one of the cases wers long-term reactor cleaners
and operators, the workers with large cell un-
differentinted and adenocarcinoma of the lung-

. were distributed ir 2 number of different job

categories. As & result, cases of lung cancer seem -
not to correlate as tightly with VC exponure as
cases of HAS and it is conceivable therefore that
some additional chemical exposure at these
plants may be working together with VC (or even
separately) to prodoce this effect, Further studie
are cutrently underway in an effort to confir
these preliminary pathologic findings.
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DISCUSSION

De Mitchelt R Zavoa (Batan Rouge, Lovisioma) asked
whether the clinical examiners at Potisiown knew
whether or ot the person being examined worked in
vinyi chloride.

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

Dr R I McCallam (University of Newcastle upon Tyne)
asked Dr Falk to give in more detail the way in which
hiswological. diagnosis was made in the casc of lung
cancer shown in his slide. Was this done by one
individual or by a panel of pathologists? How were
the specimens of tissue obtained: by biopsy, s\.rgiul
resection or at autopsy? 1t was remarkabls that in
none of the cases was an oat cell carcinama diagnosed,
a3 this was the type often considered a characierisie
result of exposure (0 a chemical carcinogen. .

Dr H Falk replicd that the WHO lung cancer classifica-
tion scheme of Kreyberg (1967) was use. Four patho~
Jogists reviewed the slides and agreed on the inter-
pretation (Dr Louis B Thomas and Dr T Powell,
National Institutes of Health; Dr M Kuschner, State
University of New York; and Dr Laszrio Makk, St
Anthony Hospital, Louigville, Kentucky). All avail-
able pathological material for each case was reviewed,
The expanded pathoingical review curremly under-
way would include the selection of multiple controt
cases of lung cancer from the same bospitals (with simis
Iar age and dau of diagnosis 10 the study cases) and &
blind review by -a patel of puthologists in a more

' detailed evahntion of aczilable pathology maietial,

‘To Dr Falk’s knowisdgs large ccll undifferentisted

cudnouu of the lung kad not been related 10 exposure

chemical carcinogent, which made the findings in
M\tahmmmwﬂl-

mAJFuWWMWM&M«.
Lowdon) asked how many (sctocies had been studied
individually in the USA. What proportion of these
had indicated vinyl-chloride-associsted dissase?

Dr H Falk replied that cases of hepatic angiosarcoma
had been seen at $ of the $ PVC polymerization plants
opened privr to 1950,

e was tome confusion in this area in that a
number of the VC warker mortality studies had heen
overlapping. Three weparsie studies, for example, (the

4

NIOSH-CDC stydy, the Tabershaw study, and the
Monson-Peters study) had all looked at the Loyisville,
Kentucky plant where the initial angiosarcoma cases
occurred as well as 3t a varving number of additional
plams. Compounding the problcm was the fact that
the definiiions for entrance into the cohorts studied
differed from siudy to study, 50 that the results even
at the same plant were not identical,

Dr 3 A Boanell (Central Electricity Generating Board)
asked whether, since vinyl chloride monomer was a
arcinogenic agent. there was any evidence in experi-
memal animals or in hurnaa clinical experience that
the skeletal or skin changes described might be pre-
malig:ant conditions,

Dy H Faik said that cases of angigsarcoma in the USA
Jdid not have a history of acro-osicolysis or skin
problems, although they did not heve the muiltdiple
tests for eirly changes of acro-osteoivsis. 1t would
seem, therefore, that the skin changes were not pre.
malignant conditions.

Profesyor 1 J Selikolf (AMowunt Sinat School of Medicine,
City University of New York) said that 3 review of
known detsils of identified caves of sinvi-chloride-
associated angiossrcoma of the liver by Dr Lloyd
(1975) of the National Institute for Occupational
Safety and Health had demaastrated that the median
duration from onset of expoture was approximately
sevenieen years, These cases were derived from the
rather small number of polymerization workers eme
ployed dyring the establishirent end initial growth of

. the vinyl chioride industry, Attempts were undlerway

to identify and trace the initial groups of workers.
employed durm¢ the vears 1938-55, since snalysis of
their experience would allow evaluation of the risks
which might be suifered by the very much larper

group of vinyl chloride workers exposed mors recently,
in & period during which PYC production was in-
ereasing at the rare of approximately 10%; perannum.

Limited data besring on the problem had been
obtained. In one polymerization process studied, 257
men had becn employed for five yéars or more in the
period batween 1946, when the plant opened, and
1964, Each man had been traced 10 1 July 1974, with

- 25.deaths from all causes: 3 of the Jeaths were due 1o

Wormmtrmkhohmad 1975). each
confirmed on review of autopsy material (Thomas &
Poppar 1975): in addltion there was one death due 10
ruptured asophageal varices. Another worker,
cxamined during the clinical suevey at this facility
{Lilis 7 &l 1975) had had a successful portacaval
shunt operation for the same condition. These experi«
ences suggested that vimylchioride-associated disease
would be an imporunt harard for vinyt chioride
workers in the future, unleps contral of exposure
regulted in at heast some reversal of the risk.

LiEls N, Andvrnes H, Nicvhohas W J, Dumn S, Fiachbvin A §

& Salhall | 2
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Dr B W Duck

(Qccupational Health Unit,

BP Research Centre,

Sunbury: on Thames, TWI16 7LN)

Medical Surveillance of Vinyt Chlaride Workers
Following the announcement in January 1974 of
the first cases of angiosarcoma of liver among
workers exposed to vinyl chloride in the USA, the
Chemical Industrics Association in the United
Kingdom set up a Vinyl Chloride Committée,
with & number of specialist working groups,
including one on health aspects.

The first task conlronting this working group,
which comprised medical represeatatives of the
four British companies engaged in the production
of vinyl chloride (VO) and polyvinyl chloride
(PVC), was to review all the relevant medical and
toxicological information availible and decide
what action should be taken to protecs the health
of exposed employees, This is an interim report on
one aspect of the group's work.

At that time, little was known about angio-
sarcoma of the liver.and its treatment. Due to its
rarity, there wias considerable doutt about both
its natural history and appropriate methods of
carly diagnosis. Reports 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 w0
be established. Similar considerations arose in
respect of the previously recognized condition of
acro-osteolysis (AOL) and its various manifesta-
tions, since it was speculated that there might be
some common underlying vascular pathology.

To complicate the situstion still further, jong-
term carcinogenicity tests on laborstory animals
had not only produced many angiosarcomas, but

also & considerable number of renal- and other

tumours.
The situation was discuised with medical col-
lelgués in Government and Trade Union agencies,
and specialists in liver dissase, and much helpfal
advics was received from them and from various
overseas sources, especiaily from doctors in the
United States. [t s00n became apparent, however,

that there was no established procedurs for the

exrly detection of liver angiosarcoma that could
serve as 3 basis for a large-scale screening pro-
gramme in industry. As practical acreening
possibilities were very limited and the early
diagnostic value of suitable techniques was un-
certain, vinyl chloride workers could not be
asked to volunteer for medical examination on
the grounds that this wou!ld detect early malignant
disease of the liver; nor could they assume that
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such examinations would be beneficial to indi-
viduals in terms of preventive medical action. In
the latter context, ¢tfort had to be concentrated
on urgent measures 1o reduce exposure to vinyl
chloride, a task which was being encrpetically
tackled by our 1echnical colleagues.

Nevertheless, there were many arguments in
favour of inviting vinyl chloride workers to
attend site medical centres to panicipate in a
standard medical examination programme: (1)
Opportunity for personal discussion. (2) Establish
prevalence of disease. (3) Establish prevalenceand - -
significance of liver dysfunction. (4) Correlate
positive findings. (%) 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 reasons it was decided
to carrv 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 vinvl chloride workers and
controls. A programme of action was discussed
and agreed with medical representatives of
Government and Trade Union agencies and it
was accepted that one of the main objectives was
to gather clinical and epidemiological data to
provide a reasonable foundation far future
decisions concerning regular medical surveillance.

The survey population was divided as follows:
Vinyl chloride workers Group 1 -all autoclave
floor workers, vinyl chloride monomer (VCM)
proeduction workers with five or more years'
service; Group 2 - vinyl chloride monomer pro-
duction warkers with less than five years® service,

. all other VCM/PVC production workers. Controls

- workers from same sites with no history of VC
exposure,

A standard medical examination procedure
was adopted: Initial examination- comprising..
mediczl history (Questionnaire), physical examina-,
tion, biochemical tests (SGOT, SGPT, GG1P,
alkaline phosphatase, bilirubin), platelet: count,
urinalysis. Follow up of abnormal findings, with
repeat biochemical tests and platelet count, and
persisting aboormalities referred t  consultant
for specialist investigarion.

The programme was introduced simuitaneously
on the six production sites and the employees
concerned were informed that it was not an
individual screening test, but & joint investigation
to provide data that would help t establish
future medical policy. It was also ¢xpisined that
any individuals with suspicicus findings, notably
persistently abnormal test results, would be
referred for appropriaste specialist investigation
by arrangernent with their family doctors,

Dwue to a variety of rcasons. not least the prob-
lem of interpreting the significance of borderline
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abnormalities and workload diTiculiies ex-
perienced by both medical advisers on sites and
consultants and laboratory staff in National
Health Service hospitels, the programme has
taken longer than expected and is still incomplete.
Hence interim findings only can be presented at
this stage and no firm conclusions can be drawn
until all the facts have been elicited and the mass
of data obtained has bueen appropriately analysed.
So far, 1357 vinyl chloride worhers and 429
controls bave been examined. The examinations
of vinyl chloride workers include 882 from
Group I (representing an averzge response rate of
80%.) and 475 from Group 2 (in which the pro-
portion volunteering for examination is lower).
Taitial liver function test abnormalities have been
found in 12.5% of the vinyl chloride workers and
16.5%, of the controls. Repeat tests on vinyl
chloride workers with abriormal findings have
revesled persistent abnormalities in about one-
third of the individuals concerned (56 men. 4.1%,
of the original group). No comparabie data for
the controls can be presented at this stage.

The 56 vinxi chloride workers with persistently
abnormal liver function test results have been
referred to consultants at local NHS hospitals
for further investigution. These investigations
have not revealed any cases of angiosarcomna and
the consultants concerned have already attributed
many of the persistent abnormsliities o patho-
togical conditions unrelated to viny} chloride
exposure. At present, the causes of liver dysfunc-
tion remain uncertain in about one third of irese
56 cases, where precise diagnosis rests largely on
the final conclusions reached by expert patho-
logists who are studying relevant liver biopsy
specimens. To put these interim results in per-
spective, it should be sioted that almost alt the
men in the latter group remain in full employment,
shhough many of them have been transferred to
work involving no further exposure to vingl
chioride in case their liver dysfunction renders
therm unduly susceptible to potentiglly hepato-
toxic agents.

While this survey was in progress,

previously
established procedures for the detection of AQL .

and related conditions among vinvt chloride
workers remained in force and 2 new cases of
AOL have beent diagnosed. The survey provided
an opponunity to assess the prevalence of
Raynaud’s phenomenon among controls on
three sites and comparisons with findings in vinyl
chloride workers suggest that the condition may
be equally prevalent in the two groups. However,
no standard diagnastic criteria were applied and
the prevalence of i1he condition varied widely
between sites. No association has been observed
between  Raynoud's phenomenon and  liver
function abnormalities in individuals, which is of
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interest in view of the apparent ratity of AQL in

-the cises of liver angivsarcoma that have been
reported in the literature. The routine urinalyses
have revealed no relevanc abnormalities.

Temarive Conclusions

Abnaormal liver function test findings were
relatively commmon in both vinyl chloride workers
(12.5%D and controls (16.5%) cven th ugh
results had to fall well outside (2 or 3 standard
deviations) the normal range in order to be
classified as abnormal. Repeat testing revealed
persistent abnommnalities in one third of the vinyl
chloride workers in whom the initial findings
were abnormal and these 56 men were referred
for further investigation. Comparable daw for
the controls are a: present unavailable.

If less stringent criteria of abnormality had
beent adopted, the number of individuals for
retesting would have been considerably greater -
and the cffect 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 {urther con-
sideration and study if the correct balance is to be
achieved,

In view of the findings to date, it is not sur-

prising that opinions of working group members
about the value of periodie liver function tests in
vinyl chloride workers are divided. No obvious
liver disease due to vinyl chloride exposure has
been identified so far, but evidence of non-
cirthotic fibrosis has been found in some cases
and until the results of blind interpretation of the
liver biopsy specimens becomne available no firm
opinions can be expressed about the presence or
absence of any specific pathology related to vinyl
chlyride in the survey population. The procedure
kas enabled individuals with persistent liver
dysfunction to be detected and remnoved from
exposure 10 vinyl chlocide, and some doctons .
propose to continue regular liver function tesis
for this and other reasons, such as the need 10 -,
assess sequential changes. On other sites, the -~ I
yield of significant clinical findings has been $0-. -0 2307 .
low in comparison with all the difficulties en~ *
countered that it is considered liver functionm - v
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;
(5) produce few false positive and negative
results, and (¢) ideally, be able 10 differentiate
berween pathological conditions due ta vinyl
chloride and those due to other causes, such as
aleohol.

It is also argued that continued application of a
battery of tests to vinyl chloride workers is likely
10 ¢ause considerable alarm and disquiet if the
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Dr B W Duck replied that men with persistently
abnormal liver function test resuits were referred 10
consultants for further investigation and their family
docrors wers kept informed throughout. In the light
of the findings the consultants and other doctors con-
cemned decided whather removal from vinyl chloride
work was indicated and ‘the men in Question were
advised accordingly. It was then left 1o the men 10
decide whether 10 accept or reject this advice, To date,
only ont man had rejected such medical advice and
the rest had been transferred 10 alternative work with
no los of pay. -

‘Dtlt'chn\h-ru(&*r)aidthnmbmamy

Mmhwﬂehiwpmwndmddwnhndu
Enmplovment Protection Bill currently under discistion
in Parfament. Thid would give to 2 man laid off for
preventive rezssons, because he showed early signs of
absorprion, the right to foll wages during the period
of lay-off. The more senitive the methods of early
diagnosiz or the move stringent the standards of
expoture, the greater would be the need to have some
system 1o cover the no man's land between absorption
which was not compensaable and disexse which was,
In large organizations it was usually easy to transfer
the indhvidual, without loss of money, to alternative
work not mvelving exposure, but in smaller industrics
this might be difficult or impossible.

Dr L Magos (MRC Toxicology Unit, Corshalton) said
that in Dr Duck's paper co distinciion was mada
beiween data on workers from a factory where poly-

ment have to write a Code of Practice before the
event, and therefore without the benefit of experi-
ence or hindsight, there are many more questions.
Some of these are discusscd in this paper.

Instrumental Techniques

When the threshold limit value (TLV) for vinyl
chloride monomer (VCM) was 200 parts/10%,
that is before 1974, the instrumeniation used for
monitoring was relatively fairly crude and in-

sensitive. One common -instrument had a lower

response at aboyt-200 parts/10* so that a nil
reading was taken to indicase a concentraion
below 200 par1s/10%, 2 very convenient situation.
Even the chemicil indicator tubesi’ were not
designed to show concentrations below 100 parts/
104

With the introduction in early 1974 of the new
standard of 2% par1s/10® (time weighted average)
and %0 parts/10* (ceiling value) other existing
instrumental techniques had to be adopted for
use in the VCM srmospheres. Unfortunately some
of the equipment which had been designed for
laboratory use was not flame proof and 30 could
not be installed directly in factory workplaces.
However, many of the difficulties were overcome
and all the VCM and PV'C manufacturing piants
have now installed what we originally called
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i‘"' rarity of AOL in results serve ouly to raise further doubt and con-  viryl monomer poliution had decreased rapidly over
ima that have been fusion. At the present time, it appears that detec-  the past few vears (a5 in the phant desenbed by Mr AW i
e urinalyses tion of structural rather than functional changes B‘;’"‘”) and gata on those Wlm‘)d in a fasiory E
prmalities, : ie 13 : where (as in Dr Anne Walker's cyses) even in recemt +
H n th‘. liver is likely to be more rewarding f or years acute narcotic episodes had eccurred. This lack E-
screening purposes, and for this rcason attention of distinction might eompletely di . 3
. : | . y distort Dr Duck's
est findi is now being focused on evaluation of grey-scale  gajissical evaluation of clirical daia obtained during ;
1¢hi d‘;" ‘:“‘ ultrasonography as an acceptable, noninvasive  hesurvey.
?y'/.) oride workery technique for the periodic examination of vinyl
A even though chloride workers. Dr B W Duck replicd that Dr Magos® point was well 3
fe (2 or 3 sandard In conclusion, although the survey is in. taken. However, as explained in the text, the paper ;
3¢ in order to be- complete, it has already yielded information of presnted interim findings from which no firm cone
.'a! lesting revealed value for planning purposes, as originally clusions could be drawn. \When all the data were
‘¢ third of the vinyl intended. From now on, it seems advisable to SOMPlete it was envisaged that the industrial doctors
the initial findings . i g and their consultant colicagues would publish the y
concentrate effort on smalier and more detailed | 4o Cnsined from individual factors &
men were referred . . M. -] rom indivi OTHS.
mparable data f, studies that are designed especially to evaluate :
vailabl or specific hypotheses, particularly in view of the :
r |b . fact that the stringent environmental standards 1
of‘ _xwdl.n_uhty had now in force are expecied to minimize, if not -
i:ln oaals for climinate, any risks to health associated with MrH F Henning . ) g
Jnsiderably greater exposure to vinyl chloride, (Health and Sufety Eveeutive,
- © had on specialist $03-205 Edyware Road, London N2 6LN)
eclion £ & matter DIRCUSSION 9
. of abnormuility is Dr A Joba Robertson (Liverpool) asked what was done  Environmental Monitoring 1
nerits further con- for these whose tests, under the surveillance scheme, 1y jc 3 common misconception that environmental ]
ect balance is to be were aboormal. A ran had been mentioned who was s o i ; : '
YOrT g is casy, just a matter of collecting a 3
. tefused life insurance because of abnormal liver func- P . . F
date. it i tion tests. Taking a parallel with lead, 2 man could be sample, analysing it and getting a figure. Environ- ]
€, 1t 13 not sur- suspended because of 2 raiséd blood lead level, and Mental monitoring is never easy and when an 1
:E fi“’“? members could then be refused industrial compensation because  industry is faced with a sudden and sutstantial 8
videdm;flm tests in he did not have a scheduled disease, and yet the em.  tightening of the standard to be applied there are 3
ded. No obvious ployer would not pay his wages equally suddenly many questions to be asked and 4
oride exposure has answered. In addition, when industry and Govern- :'
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continvous monitoring but which is more
correctly termed automatic sequential fixed point
sampling. This is supplemented where necessary
by short-term sampling for investigations or for
checks on equipment and by long-term personal
sampling to show the work people's actual
le;?‘osm over long periods, e.g. four or cight
T, .

Presentation of Results

The Code of Practice requires the results to be
available to 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 beforechand how
the results should be summarized and presented
was a major problem bectuse there was little
previous experience of monitoring, and recording
the results of monitoring, on such a scale,

QOne way of presenting the results would be to
take an overzll average, This has recently been
done and figures provided by the industry show
that the average concentration in the UK factories
had been reduced in a matter of months from 24
to 6 parts/10*. Recent figures from some of the
plants even show long-term averages of about
2 parts/10%. This suggests enosmous progress, as
indeed it is, and comparcs favourably with aver-
ages published by other countries. However, an
overall 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 lost in this method of presentation
and of course jt offers little of use in the protecrion
of the worker, which is the main objective of
monitoring.

Inflience of Peaks

An average over any period of time is influenced
very considerably by peaks. For example, in a 20
point sysiem sampling every minute a single peak
of 600 pans/10* dus-to a transient lcak from

" nearby plant would add 25 parts/10® to the shift.

average. In the UK we fee! thar it is esseneial to

record these peaks, because 1\hey indicate escapes

of VCM due perhaps to defective plant or perhaps
to incorrect work practice, both matters which
ought to be remedied. If the monitoring points
are selected to provide a balance between
operator work stations and areas whers leaks
may occur then wa must expect (0 obtain soms
high readings. These occasions will generally be
investigated and will therefore play an important
role in the long-term reduction of atmospheric
concentration of VCM, but in the short term they
make the picture look bad, bath by their presence
as peaks and by their contribution to the overall
shift average, There is of course no suggestion
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that any operator is necessarily exposed to such
peaks or to such a raised avcruge, since many of
the peaks may have occurred in specially seiected
areas where no person woiks regularly or the
operator may have known about the situation and
worn a respirator during that period,

Influence of Sampling Freyuercy
The frequency of sampling can also have an in-
fluence on the picture. Let us assume that some
of the sampling prints have heen chosan to pick
up leaks from the plant so trat, say, 10%{ of the
readings are above the ceiling value of 50 parts/
10%. 1n & multi-point monitoring system sampling
every minyte this means that 48 readings per
shift for that system alone will be above the
ceiling value. Sampling at the minimum frequency
required by the Codc of Praciice, i.e. once per
shift, would give on averuge one high reading in -
each work area every tenth shift, Sampling at the
minimum frequency required by the US suandard,
i.e. once per month, would give on average one
high reading in each work area every tenth month,
We see therefore that frequent static sampling
at carefully chosen points can provide much useful
information but it does not necessarily tell us
exactly whut concentrations the work people are
aciunily exposed to. This can be shown best by
personal monitoring which s normally done at
less frequent intervals because it is time-consum-
ing for the testing staff and somewhat restrictive
for the operator wearing the equipment. Never-
theless this is an extremely useful supplement 1o
the general workroom monitoring. e

Other Problems

I have said nothing in this shont paper about
preservation of records, which pravides many
probiéms not previously encountered in industry,
nor about aunospheric monitoring in the PVC
“user industry where gencral atmospheric cone
centrations are less than § party/10* and. usually
Jess than 2 parts/10%-with a few known aod
controllable problem areas.

In short, we in the UK belicve that atmospheric
monitoring should be used to provide the maxi-
mum amount of information. This means thar
the monitaring schemes incorporating extensive
multi-point systems can provide (a) useful
information on deficiencies in plant or in operat-
ing procedures, () information with which to
demonstrate progressive improvements in our aim
10 reduce exposure to near zero, (¢) information
on personal operator exposure which can be kept
for future reference. Unfortunutely in the short
term it also provides much ammunition for our
critics, This, however, is a smzll price to pay for
the long-terrn benefits which we know will
aecrue from our efforts.
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