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Penarth, Glamorgan.

SUMMARY = Udliks most other lnhaled dusts,
asbestos cas wes ot least three distinct dscasesy
asbestosis, luag cancer and mesothelioms of the pleurs
and ecam. Workers with asbestosls are st grester
risk of devsioping Jung cancer thaa thelr heakhy
contemporaries and some studies have suggested that
asbestos exposare without asbestosls increases the risk
of luag cancer. Mesothelloms of the pleurs and
”m::‘all:. n&nnwbhunlnhnfou:"lt
tver-incress| weney persoes expo "}
relatively mni amousts of asbestos; the latent period

between exposure 10 ssbestos dust and development of
the tumour usually excoeds 10 yesars.

GENERAL AND HISTORICAL
ASPECTS

Asbestos is the generic name given to cer-
tain varieties of fibrous mineral silicates
which vary considerably in physical proper-
ties and chemical composition. Although
asbestos has been known since antiquity, in
recent years there has been an increased in-
terest in the biological effects of exposure to
asbestos dust. The commercially important
types of asbestos are the serpentine
chrysotile, which is the most widely used, and
the hornblende (amphibole) group of
minerals, crocidolite, amosite and
anthophyllite. Around 3,000 BC
anthophyllite was being used in Finland to
strengthen carthenware pots, the first
asbestos composite; the Chinese and Egyp-
tians used cloth and mats of woven asbestos.
The ancient historian Plutarch first used the
name asbesta, 8 Greek word meaning inex-
tinguishable or inconsumable, and it was then
in use in lamp wicks as in the perpetual lamps
of the Vestal Virgins, The Romans in ancient
times found several uses in spinning and
weaving for asbestos mined in Italy and
Cyprus and Pliny referred to the use of
respirators to avoid the inhalation of asbestos
dust and made mention of asbestos shrouds
used in cremations for the Roman élite to
permit easy collection of the ashes for
burial. In 1250 Marco Polo recorded that in
the Tartar Empire he was shown textiles
which resisted the might of fire. The modern
asbestos industry dates from the 1880s, when

large-scale development of huge deposits in
Canads and Russis began.

CHEMICAL AND PHYSICAL DATA

The chemical composition of different
types of asbestos from various localities has
been r_elgoned, by several authors (Sinclair,
1959; Timbrell, 1970; Morgan and Cralley,
1973). Chrysotile (white asbestos) is a
hydrated magnesium silicate which usually
occurs in seams close to the earth's surface
(Mg,Si;0,(OH),). The fibres may be long and
flexible because of unique structure of tubular
microfibrils. It is heat-resistant and some
fibres may be heated to 3,000°F without be-
ing visibly affected. Chrysotile does not resist
sea water, acids and alkalis. The mean value
of the fibril diameters are generally in the
range of 30 - 40 nm (Atkinson, Gettins and
Richards, 1971). The fibril morphology is so
unique that the mineral species can be iden-
tified on this basis alone with the use of &
transmission electron microscope (Langer,
Rubin and Selikoff, 1972). The largest com-
mercial deposits are in the Ural Mountains
and in Quebec Province. It is also mined in
China, Cyprus, Italy, British Columbia,
Southern Africa and the USA.

Crocidolite or blue asbestos is a hydrated
sodium ferroso — ferric silicate (NaFe (Si0,),
FeSi0y). It is also known as Cape blue,
because formerly it was mined only in Cape
Province, South Africa. Its commercial value
is mainly determined by its chemical proper-
ties. It is highly resistant to acids and alkali
solutions, and is remarkably strong. The
fibres may be soft or harsh but they always
possess a high degree of elasticity.

Amosite, (MgFe)0.5i0,, which occurs
only in South Afnica, is named aflter the initial
letters of Asbestos Mine of South Africa, the
name of the mine where it was first worked.
The fibres possess superior heat resistance. It
is unaflected by immersion in acids and it is
fairly resistant to alkalis and salt water.
Anthophyllite (7Mg0. 8Si0,. H,0) is mainly
produced in Finland and it is the least com-
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mercially useful of the amphiboles. The fibres  tually indestructible and, therefore, it even- imy
are britde and short, sometimes soft and flexi-  tually has to be removed from ships, ren
ble. It is infusible, and resistant to acids and  buildings, etc, when it is often very dry and this
alkalis. - the proportion of respirable fibres in the dust pen
’ high; removing old lagging material usually alve
USES OF ASBESTOS takes place in confined spaces, increasing the lony
The uses of asbestos are multiple and more  risks of exposure to asbestos. tle -
than 1,000 different uses in industry have Workmen nqt directly involved in asbestos are
been reported (Hendry, 1965). Asbestos is  applications may receive massive dust ex- the
used in heat insulation (boiler and pipe pack-  posure; fitters, joiners and general labourers ar
ing. insulation blocks and boards, pot are not classified as ‘asbestos workers' and ar
holders, gloves lining, ironing board covers, they are unaware of the dangers of dust in- st
fire fighting suits, sheets and ropes, firemen’s  halations and do not use protective overalls A
helmets), in friction materials (clutch plates, and respirators. t &
brake lining, bearing packings), in the The risks attached to children living and al
building industr{ (pipes for water and playing near to asbestos processing factories ne
sewage, floor tiles, pipes for gas, ceiling has been well demonstrated by Wagner a.
board, anificial wood, cements, paint, r (1965), and housewives have developed th
coaung), in electrical installations (insulating  mesothelioma as a result of undusting asbes- P
cables, electrical wires, switch boxes, tapes, tos-contaminated overalls of their husbands ar
condensers, spark plugs) and miscellaneous - (Newhouse and Thompseon, 1965) bu
uses (automobile undercoating, life-jackets, pHYSICAL AND CHEMICAL FACTORS g’;
clay for pottery and sculpture, cigaretie 5§ AETIOLOGICAL MECHANISMS OF ,
filters. artificial s)n%w. ﬁrel lgigsoe. mlddbah;s, air- ASBESTOS DISEASES b’
plane wings, etc). From , crocidolite w. : . )
in demand in the shipbuilding indusg “:;}zmdo;‘?w,m ‘?;“:em&; Tr.
because chrysotile was not a good insulating govem‘ghe respirability of the fibres and the ;'": N
material when exposed 10 ses water, but it efficiency of pe%'etration of the different crc; )
has now been replaced by amosite. gr asbes‘t’os to :haﬁous parts of the lungs. be Tre
rst study on the acrodynamic properties mes
OCCUPATIONAL AND w i
ENVIRONMENTAL EXPOSURE g subscavcat nceuiadon " exseruments e
Until recently large amounts of asbestos  (Burger and Engelbrecht, 1970) have re- ave
fibre escaped into the air from the mines and  emphasised the importance of fibre length in and
mills so that not only the workers but the relation to fibrosis; recent studies (Wagner and
whole population of the nearby towns and  er a/, 1970) have indicated a relationship be- less
countryside have been exposed. Obviously (ween fibre size and the development of of t.
the greatest exposure to airborne asbestos mesotheliomas. Timbrell's hypothesis (Tim- n T
dust is likely to occur in the industry: mining,  brell, 1973) explains why there is: 1) l‘:l;fhﬂ ~gher
crushing, carding, spinning and formulation, risk of mesothelioma in mining and h:g hlari:
all offer opportunities for heavy exposure. crocidolite than amphiboles; 2) a hi cBle m.
Asbestos is obtained from both deep and sur-  asbestosis and lung carcinoma risk in mining cmay &
face mines and most of it is bound into the  anthophyllite but no mesothelioma; and 3) a cMacror
parent rock in clumps and this, together with  low mesothelioma and low bronchial car- chnalog:
the use of dust :u&pression. has minimized cinoma risk in chrysotile mining and a high- cAsbestc
the danger of asbestos exposure for the er mesothelioma and bronchial carcinoma ~£onjunt
miners. The raw asbestos is crushed in mills risk in insulation workers exposed to a carcino
to release the fibres suitable for spinning. mixture of fibres (Gilson, 1973). So it has matter
Bagging of fibres used to be a very dusty been found that the most important factor in-
process until the recent introduction of fluencing the entry of the fibres into the lungs CAR
pressure-packing methods and leak-prool is the falling speed of the particle. It is 8 .
bags. Asbestos cement spraying has often feature of a cylindrically shaped particie that : In int
been documented as 8 significant source of  the falling speed is related to the square of the ‘g‘“ w
environmental exposure and the process has  diameter but not closely to the length. Fibres ed to ch
been stopped in some places. Asbestos is vir- _ more than 3 ym in diameter mostly fall and of 86 my
DOW 07053
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impact in the upper respiratory tract and are
re:loved with the sputum. Fibres thinner than
this, though they may be longer, can
penetrate to the respiratory bronchioles and
alveoli where they will be retained. Fibres
longer than 200 um tend to be thick and set-
de out quickly and are not inhaled. In Fig. 1
are shown the different sizes and sh of
the asbestos (fbres. Chrysotile and the
amphibole fbres will exhibit different
serodynamic behaviour if they are Iong but
similar behaviour if they are short,
Anthophyllite has the largest diameter of all
and, therefore, less of it will penetrate into the
alveoli and pleura; because of its size it can-
not enter into the cells (exc? phagocytes)
and produce mesothelioma. Crocidolite has
the smallest diameter and has more chance of

penetrating the alveoli and picura than the

amphiboles. Chrysotile has a small diameter
but it is curly and, therefore, much less will
reach the alveoli than would be anticipated
from its diameter.,

In South Africa the North Western Cape
Province produces crocidolite and the
Transvaal produces both crocidolite and
amosite. The paradox is that in the NW Cape
more than 100 mesotheliomas due to
crocidolite have been seen, whereas in the
Transvaal only one possible case of
mesothelioma was shown in the 10 years
preceeding 1969 (Wagner et al, 1971). Trans-
vaal fibres, both crocidolite and amosite, are on
average 27 times the volume of Cape fibres
and therefore have a higher fibre settling rate
and shorter time available for inhalation and
less efficient penetration into the deeper parts
of the bronchial tree.

The modes of action of asbestos as a
chemical carcinogen have been analysed by
Harington (1973), who considered two possi-
ble mechanisms: 1) asbestos in the pure state
may act as a carcinogen, possibly as a
macromolecular iron or metal complex in an
analogous way to i an; and 2)
asbestos fibres in the impure state may act in
conjunction with trace metals known to be
carcinogenic, with oils and other organic
matter or with a combination of both.

CARCINOGENICITY STUDIES IN
ANIMALS
In inhalation experiments carcinoma of the
lungs was observed in rats repeatedly expos-
ed to chrysotile dust at a mean concentration
of 86 mg/m? for 30 hours per week (Gross

al, 1967). Within 16 months 20 out of 72 rats
developed adenocarcinoma and 4 squamous
g;ll cudnloml: while no tumours occ(gnd in
controls. In another experiment
1973), 418 rats were exposed 10 all types of
asbestos dust at different lengths of exposure,
233 rats for 7 hours for only one day and 182
rats for § hours a day for 90 days, at a con-
centration of 12 mg/m?. At the end of the 90-
day period of exposure, the amount of dust in
the lungs of the animals exposed to chrysotile
was approximately one-sixth of that found in
the animals exposed to amphibole samples.
One sq&aml:us carcinoms of thdeo !l.ung was
seen in the long exposure to crocidolite group
and mesogheh;gmu were _c:gsfrved in three
rats, one in the group with long exposurs
to crocidolite and two in the shorter period
group, one with amosite and one with
crocidolite. ~ .
Intratracheal injection in rats CPLI: and
Shabad, 1973) has shown that chrysotile
promotes the carcinogenicity of beaz (s)

pyrene.

Intrapleural administration of asbestos in
rats (Wagner and Berry, 1973) has produc-
ed mesotheliomas in varying anumbers:
crocidolite 619, amosite 36%, an! yllits
34%, Canadian chrysotile 30% and
sian chrysotile 19%. The authors concluded
that it seemed unlikely that the preseace of
oils and waxes Flayed a significant part in the
development of mesothelioma.

Intraperitoneal injection of crocidolite and
chrysotile (Reeves et al, 1971) can produce
mesothelioma while injection of amosite
failed to do so. .

Mesothelioma in pleura and peritoneum
has also been produced by other workers in
rats and rabbits (Gross er al, 1967) and
hamsters (Smith er al, 1965).

MEDICAL MANIFESTATIONS OF
ASBESTOS DISEASES

Exposure to asbestos dust can produce
pulmonary fibrosis, bronchial carcin
mesothelioma and pleural plaques. Lar
carcinomas have also been reported
(Newhouse and Berry, 1973) and benign
?l;}'x{)n.l effusions (Gaensler and Kaplan,

PULMONARY FIBROSIS (ASBESTOSIS)

The frequency with which asbestosis oc-
curs in the exposed population depends on
the length and degree of exposure and
probably on the size and type of fibre. The
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ANTHOPHYLLITE - CHRYSOTILE
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Fig. 1. Electron micrographs of crocidofite, amoaite, anthophylite and chrysotile at
the same magnification (x 1,7000). Characteristic festures are the curved flexible
chrysotile fibres in contrast to the rectilinear shape of the amphibols fibres and the
:Im;? ;i':o";.ﬂ the diamaeter of the crocidolite fibres. (Courtesy of IARC and
V. Timbrell.
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hazards due to exposure to asbestos were first
recognised in Europe at the beginning of the

20th Century. The first recorded case of

pulmonary asbestosis in Great Britain was
that reported by Murray (1907) and in 1930
(Merewether and Price) asbestosis was
recognised as an industrial disease and
preventive measures were taken. But
although improvements in dust control were
effective in most of the asbestos textile fac-
tories, the new cases of asbestosis reported
each year are steadily increasing (
1966). On the other hand, in a study under-
taken in New York City in a non-
occupational setting (Selikoff and Hammond,
1970), the authors failed to demonstrate a
greater frequency of the finding of asbestos
{ferruginous) bodies in the lungs of routine
autopsies between 1934 and 1967. In the
United States approximately 40,000 workers
are exposed to asbestos in the insulation in-
dustry and about 50,000 in the manufacture
of asbestos products (Seaton, 1975). The
numbers exposed to demolition work are
large but unknown.

Asbestosis can occur after quite short ex-

sure but in recent years the average length

tween exposure and development of signs
of the disease has been 10 years or longer. In
general the disease is progressive even after
removal from contact, but there is some
evidence that if exposure ceases at an early
stage progression may be slow or even
arrested (Newhouse, 1967). The average age
at death from asbestosis has gradually risen,
from around 30 at the time of the original
report of the disease to 41 in the 1930s and
57 in 1965 (Gilson, 19635).

CLINICAL FEATURES OF ASBESTOSIS

The onset of the disease is gradual and
hence difficult to define. The main criteria for
diagnosis include cough, dyspnoea on exer-
tion, basal crepitations and clubbing of
fingers and toes. Rapid development of club-
bing may herald the development of an
associated bronchial carcinoma. Cyanosis
occurs in advanced stages. The sputum is
mucoid. Asbestos or ferruginous es in the
sputum indicate exposure to asbestos dust
and not necessarily asbestosis. Chest
tightness, inability to breathe in deeply and,
occasionally, to yawn are common in ad-
vanced disease, due to increased stiffness
(reduced compliance) of the lungs caused by
the fibrosis (Parkes, 1973).

In general both the symptoms and physical
signs of asbestosis are those of a diffuse in-
terstitial Aibrosis and have no pathognomonic
features.

Asbestosis may be associated with an in-
creased incidence of abdominal tumours, pas-
ticularly ovarian neoplasms (Keal, 1960),
peritoneal tumours (Br med J, 1964), gas-
trointestinal tumours (Selikoff et al, 1964)
and with bronchial carcinoma (Dull, 1955).
Some of the ovarian carcinomas were subse-
quently shown to be peritoneal
mesotheliomas (Hourihane, 1964). The
accepted evidence is that the bronchial car-
cinoma occurs in cases of definite asbestosis
and that excessive exposure to all major types
of asbestos used commercially are implicated
(Wagner, 1975).

RADIOLOGY .

The early changes appear mainly st both
bases and spread upwards into the middle
and upper zones (Fig 2). Accentuation of the
normal vessel markings and a horizontal
linear pattern resembling Kerley-B lines
might appear (Fletcher and Edge, 1970). A |
“honeycomb™ appearance may be seen in ad-
vanced stages of the disease. The area of both
lung fields decreases due to contraction of the
lungs and elevation of the diaphragm.
Rheumatoid Caplan’s nodules in asbestosis

Fig. 2. Chest radiograph of a patient with
ssbestosis. Thers (s evidence of pleurisy at the
left base. pleques and irreguisr opacities
spresding upwards.
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have been reported (Richards and Barrett,
1958; Tellesson, 1961; Morgan, 1964; Matt-
son, 1971). Pleural plaques, calcified or non-
calcified, may be present but are evidence
only of asbestos exposure (Meurman, 1968).

e JLO U/C Internationa! Classification
of Radiographs of Pneumoconiosis (1971)
provides a means of systematically recording
the radiographic changes in the chést provok-
ed by the inhalation of various dusts in-
cluding asbestos and takes into consideration
the difTerent sizes, shapes, profusion of
opacities and the number of zones affected.

PHYSIOLOGY

In the diagnosis of asbestosis lung function
tests are of particular value as the
radiological findings are not specific.
Characteristic functional abnormalities in-
clude progressive reduction in vital upacdilt}'
and total lung capacity and reduction in dif-
fusing capacity for carbon monoxide. In-
creased static recoil pressure and a decrease
in lung compliance are usually found. Exer-
cise tests show hyperventilation and arterial
desaturation. Airways obstruction was not
considered a feature of asbestosis (Williams
and Hugh Jones, 1960; Thomson e al,
1965), though recent reports (Fournier-
Massey et al, 1971; Muldoon and Warwick,
1972; Becklake, 1973) express the view that
an obstructive function profile is not uncom-
mon in the presence of asbestosis. A short
clinical description and comments on lung
function tests on & patient with asbestosis (the
patient in Fig. 2) as a typical example are
given below:-

A 52-yesr-old insulstion engineer presented with in-
erusin.ybreathknnm on exertion and symptoms of
chronic bronghitis with frequent chest illnesses duri
the winters of the prec § six years. Because
these he had spontanecusly reduced his cigareties
from 20 to 10 per day and avoided industrial fumes
where possible. On examination he was short of
breath, exhibitad clubbing of the fingers, and bilateral
wheeze and crepitations at the bases were present. The
bronchogram was normal. Lung function tests wers:-

Comment: The low FEV, and increased residual
volume are evidence of sirwsys obstruction which is
the main cause for the patient’s which
in tum is aggravated by exercise hyperventilation. The
low transfer factor and increased alveolo-anerial
oxygen tension during exercise indicate impaired
Fcun‘mm of c‘m“phu:cn::is'dm wip ts‘ t:d ahmg
Y intersi
The high resting Pco, and siological dead
suggest 3"»,"::‘ din'u:ﬂbu_\:nh’u_ a8 uebl:um
aggravat ypoventilation w| ma
sequence of the airways o y B¢ 4 coo-
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Observed Expected
Forced Expirstory Volume (1) 0-9 31
Forced Vital Capacity (1) 22 41
AN
otat Lung Cap . .

Rniduh;\?/olumo 39 20
AV X 100 - TLC% 3 38
Transfer facsor

(mVmin/torr) 11 2?7
Exercise ventilation aic/0,

(1/min) 029 23
Arteriat biood rest/ex

terial biood Aoy 7170 90
Anerial blood Peo, 49/39 40
A - aDO, rest/ex (tom 19/38 20
Vd X 100 - Vt rest/ex 67/58 3%/28

These tests are sometimes difficult to interpret when
applied t0 individuals with early disease because of the
wide range of predicted normal values and the smok-
inLhnbiu and the polluted atmospherss whers most
asbestos workers live. Nevertheless, sequential studies,
even using the simple ventilatory parameters of FEV
and FVC at yearly imervals, will reveal deviation from

normal and sdd precision to the disgnosis (Elmes,

1972).

PATHOLOGY AND IMMUNOLOGY
The distribution of the fibrosis in cases of
asbestosis is predominantly in the lower pant
of the lungs, which is helpful in the differen-
tial diagnosis; in sarcoidosis, tuberculosis and
allergic alveolitis it is predominantly in the
upper zones and in fibrosing alveolitis it is
more generalised. In mixed cases of

asbestosis and silicosis, fibrosis may occur in -

the upper zones. Associated pleural thicken-
ing may help in the differentiation.
Microscopically in the early cases the
lesions are confined to the respiratory
bronchioles of scattered acini. Their walls are
thickened by an increase in reticulin fibres.
Asbestos bodies and fibres can be seen in the
bronchioles and lumina (Fig. 3) lying free and
ingested by phagocytes which may be mul-
tinucleate. Asbestos bodies consist of
asbestos fibres which have beea coated by
iron and protein. .
Demonstration of asbestos bodies in the
sputum will provide confirmation of previous
exposure. In experimental animals and
probably in man are found within a few
weeks of exposure. In the established cases

they are extraordinarily persistent and may
be found 20 years or longer after exposure
has ceased (Hinson, 1965). A whole-lung sec-
tion with marked asbestosis is
Figure 4,

shown in

" §6960001S:
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Fig. 3. Electron micrograph (x 3,000) showing
asbestos {ferruginous) bodies and fibres in lung
ussue. (Courtesy of V. Timbreil)

Fig. 4. Whols lung section with marked asbestosis.

In the late stages of asbestosis the fibrosis
spreads out into distal alveoli and eventually
a widespread fibrosis occurs more marked at
the bases with dilation of the uninvolved
small airways (Webster, 1970). Histological

studies would probably show asbestos bodies

aggregated in areas of fibrosis. Lung biopsy is

rarely indicated in the di is of asbestosis
(Scott and Hunt, 1975). Non-organ-specific
sutoantibodies, especially antinuclear autoan-
tibodies, are found with increased frequency
in asbestos workers and this appears to be
related to the development of asbestosis and
not to exposure to asbestos dust alone
(Warwick, 1973)

CARCINOMA OF THE LUNGS

Carcinoma of the lungs was first regorud
in cases of asbestosis in 1935 (Lynch and
Smith). The incidence of this tumour has in-
creased rapidly and by 1964 60% of those
workers in the United Kingdom diagnosed as
having asbestosis to a degree warranting
compensation developed carcinoma (Wagner,
1975). The excess of lung cancer varied con-
siderably between surveys. In some of the
surveys the workers were exposed to a mix-

ture of fibres (Elmes and Simpson, 1971), or
to chrysotile (Manusco and El-Attar, 1967)
or amosite (Selikoff et al, 1972). The in-

cidence of bronchial carcinoma was relatively
low in a population of sotile miners in
Quebec (Mc
larly high among insulation workers exposed
to amosite (Selikoff et al, 1972). The fact
that cigarette smoking and asbestosis have a
multiplicative carcinogenic effect has been es-
tablished (Berry et al, 1972). The increased
risk of developing carcinoma of the lungs
appears to be related to the dose of asbestos
dust inhaled (Newhouse, 1961). The com-

monest type of lung cancer appears to be
adenocucx%eomn (ngtwdl et al, 1974). The

primary site of origin of carcinoma in

asbestosis was investigated in the United
States of America (Isselbacher et al, 1953)
and it was shown that about four-fifths arose
in the lower lobes, whereas in the normal
population more than $0% arise in the
upper lobes. Some authors (Selikoff er
al, 1964; Manusco and Coulter, 1965)
suggested that an excess mortality from
bronchial carcinoma may occur in workers
exposed to asbestos who do not have clinical-
ly detectable asbestosis.

MESOTHELIOMA OF THE PLEURA

AND PERITONEUM

The relationship between malignant
mesothelioma and exposure to asbestos was
first suggested by Wagner and his colleagues

nald ef al, 1971) and particu- -
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(Wagner ef al, 1960), who reported 33 cases
from workers ex to North West Cape
of South Africa" crocidolite asbestos.
Mesothelioma was not found in the chrysotile
or amosite mining areas of South Africa noe
in the crocidolite area adjacent to the amosite

deposits. An interesting finding was the lo:s .

latent g:riod. a mean of approximately
years between initial exposure and subse-
quent development of the tumour. The
development of the malignancy was not
related to the amount of as dust inhal-
ed. Since then reports {rom various countries
have described several mesotheliomas in rela-
tion to asbestos exposure (Selikofl et al,
196S; Elmes er al, 1965; Thompson, 1970;
Dels et al, 1971). Malignant mesotheliomas
in childhood have also been reported; (Kauff-
man and Stout, 1964; Lieben and Pistawka,
1967: McDonald er al, 1970; Whitwell and
Rawcliffe. 1971). In a review of 42,597 death
certificates for children who died of cancer in
the United States between 1960 and 1968, 31
had a diagnosis of mesothelioma and, of
these. 13 were confirmed by data from
hospital records. The illness presented with
acute pleural efTusion and encasement of the
lung by tumour, with survival usually of less
than six months (Grundy and Hiller, 1972).
The case histories gave no information on en-
vironmental exposures.

Some of the patients may give a history of
continuous exposure to asbestos over many
years though & significant proportion gave a
history of only transient exposure sometimes
amounting to a few weeks only, several years
previously. In a small proportion there is no
history of exposure to asbestos dust. Unlike
carcinoma there is no correlation between
cigarette smoking and mesothelioma of the
pleura and peritoneum. Mesothelioma is not
associated with e?osure to anthophyllite
asbestos mined in Finland.

Clinical Features

In the majority of cases of pleural
mesothelioma the patients appear in good
general health when first seen at the hospital
(Elmes and Simpson, 1976). Their usual
presenting complaints are of chest pain and
dyspnoea. Cough and haemoptysis are oc-
casionlll'y present. The pain may be localis-
ed or of a diffused generalised or pleuritic
type. The shortness of breath is progressive
and is related to lung compression and
restriction of the chest wall by the tumour

itself and associated pleural effusion and
atelectasis. When the pleural efTusion is small
the fiuid is usually non-haemorrhagic;
however, during the course of the iliness the
patients develop at some time a haemorrhagic
effusion, thickening first of the parietal and
then of the visceral pleura, gross clubbing of
fingers and toes, a raised sedimentation rate
and a polymorph leukocytosis (Elmes, 1973).
At the late stages the pleura becomes thicken-
ed, adherent and contracted. The contraction
leads to & kyphosis towards the affected side,
with a drooping shoulder and overlapping of
the ribs (Stumphius, 1971). Clinical evidence
of metastasis to other organs is rarely pre-
sent, though local spread may occur to in-
volve lymph nodes, ribs, mediastinum and
pericardium with resulting enlarged
supraclavicular lymph nodes, rib tumours or
rib fractures, superior vena caval obstruction”
and cardiac tamponade. Local spread may
lead to pleural effusion on the opposite side.
Attempts to aspirate the ¢fTusion result in
rapid re-accumulation and occasionally in
subcutaneous lumps. Extension through the
diaphragm is often followed by free spread
throughout the peritoneal cavity with ascites
and at autopsy it may be difficult to define
which was the primary site. Hypertrophic
pulmonary osteoarthropathy is not en-
countered f{requently. Paraplegia may
develop due to the impairment of the blood
supply to the spinal cord.

Peritoneal tumours are more likely to oc-
cur in men with heavy exposure (Eimes and
Simpson, 1976). A full but not distended ab-
domen with equivocal signs of ascites are
commonly seen. Diffuse abdominal pain, loss
of weight and symptoms of intestinai obstrue-
tion may occur. There is no clinical
characteristic which distinguishes
mesothelioma from other tumours with dif- .
fuse peritoneal spread, except evideace of

ast exposure to asbestos (Elmes, 1973).
gyrnptqrns and signs of a co-existent
asbestosis may be detected. The average sur-
vival period in pleural or peritoneal tumour
does not usually exceed the one year.

Radlology

Pleural mesothelioma presents as a pleural
effusion or an irregular pleural thickening or
more usually with a combination of both,
where the irregular pleural thickening may be
seen above the fluid level. The diaphragm
may be raised and some shift of the
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also spread through the diaphragm 1o both
pleural cavities. ydropneugnothoru
occur either spontaneously or as a result of
aspiration (Fig. 6). Plcu.rl‘ i y
by visible, as may the pulmonary lesions of
asbestosis.

h mesotheoma
Macroscopically the appears

as a thick grey or white mass encasin

lung (Fig. 7). tumour

from a very small mass to one that may oc-

be foci of degeneration, necrosis, haemorrage
cl); 7 :)a.lciﬁcguon (Shabannah and Saye

Fig. 8. Malignent mescthelioma of the lung in 8
patient exposed to asbestos dust

mediastinal structure to the affected side
usually occurs, suggesting the existence of an
atelectasis (Fig. 5). In the early stages the le-
sion is unilatera] but in the late stages it may
spread across the mediastinum to the op-
posite side. A peritoneal mesothelioma may

Mesothelial tumours are characteristically
Fleomorphicinthu they appear to be derived
rom both epithelial and connective tissue

. cells. Because of the resembdlance of the
histological appearances of malignant
mesothelioma to the other malignant types it
is very difficult to diagnose it with
by biopsy and to distinguish it from
D P - adenocarc}n:i?a ord ﬂbroui:'cghu:a. The

. 8. mothorax in & cs ral esence o erent elements tumour
n'm:omm“ ~ se of pley 5' strongly in favour of a diagnosis of
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mesothelioma (Parkes, 1973). Hyaluronic
acid in the fluid may help in the diagnosis
(Wagner er al, 1962), though this is not
always present and it may occasionally be
found in pleural effusions associated with
other tumours. Tumour cells in the lung and
the hilar lymph nodes may contain dust par-
ticles, a phenomenon rarely appearing in car-
cinoma ceils (McCaughey, 1979). Asbestos
bodies and fibres are present in the lungs in
the majority of cases.

Management

In an analysis of 300 cases of pleural and
peritoneal mesotheliomas. Elmes (1976)
concluded that conventional treatment by
surgery. cytotoxic drugs and radiation is in-
effective at relieving symptoms and may
encourage the spread of the tumour: conser-
vative treatment offers the best quality of life.
Intrapleural administration of ribonucleic
acid in cases of pleural mesothelioma with
good results has been reported (Forbes and
Mackaness, 1963). '

PLEURAL PLAQUES

Pleural plaques associated with asbestos
exposure are found predominantly on the
parietal and diaphragmatic pleura. They are
bilateral, most prominent in the lower halves
of the pleurae, well circumscribed, irregular in
shape, distributed beneath the surface of the
ribs, sometimes spreading over the intercostal
spaces (Fig. 8). They are not associated with
adhesions (Meurman, 1968) and are better
seen on anterior oblique views taken at 45°,
Asbestos fibres may be seen but not asbestos
bodies. Plaque formation does a0t appear to
occur in the peritoneum. Microscopically the
plaques consist mainly of avascular, acellular
fibrohyaline connective tissue made up essen-
tially of thick bundles of collagen fibres.
Calcification of the pleural plaques occurs
commonly and they should be distinguished
from tuberculous pleurisy, calcified
haematoma, silicosis, talc pneumoconiosis
and old pneumothorax. A strong correlation
exists between plaque formation and ex-
posure to asbestos dust of all t but an
immediate cause-and-effect relationship has

- not been established. A latent interval of 20

years between first exposure and evidence of
plaque formation is usual. Those environmen-
tally exposed from birth develop plaques at
an earlier age than those occu?monally ex-
posed, (Jones and Sheers, 1973). A higher

than expected inciden.ce of bronchogenic car-
cinoma when plaques are present has been
reported (Fletcher, 1972).

.’-" ey ey
. i

. e
s mecan. o e, - — e

Fig. 8. Chest radiograph with bilsteral extensive
:lounl plaques in 8 patient exposed to ssbestos
ust.

DISCUSSION

Asbestos exposure is now widespread and
asbestos fibres have been found in the lungs
of people without industrial asbestos ex-
posure (Um Chang, 1971). Evidence of
haematogenous spread of asbestos fibres
was provided by several authors who
reported this finding of asbestos fibres in .
the urine (Wyss. 1953) and spleen (Keal,
1960) and asbestos bodies in the thyroid
(Keal, 1960) in cases of asbestos exposure,
though these are chance findings without any
pathological significance. There is no doubt
that the major commercial types of
asbestos are able to cause carcinoma and the
production of lung carcinomas in certai
animals by all types of asbestos supports this
conclusion. The epidemiological evidence in
man, however, shows that there aré clear
difTerences in risk with the type of fibre and
nature of exposure. There is also evidence
that all commercial types of asbestos except
anthophyllite may cause mesothelioma. The
risk is greatest with crocidolite, less with
amosite and apparently less with chrysotile.
Population studies have shown that a propor-
tion of cases of mesothelioma have no known
association with exposure to asbestos. The
successful management of the asbestos
problem depends on the prevention of
exposure of the workers to asbestos dust.
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In the United States of Americs (NIOSH,
1972) and United Kingdom (DEP, 1970)
have been laid down various standards for
warking with asbestos in industry. Measure-
ment of asbestos dust concentrations in the
atnosphere can be made bz using the Royco
Electronic Counter which has the advantage
of eliminating human error in counting or by
the gravimetric method using for example the
Hexlet sampler or with the use of a
microscope by counting the number of dust
particles or asbestos fibres deposited from a
measured sampie of air.

So far there has been no evidence of an in-
creased incidence of mesotheliomas in the
general public as a result of asbestos air
pollution and stud:u of the geographical dis-
tribution of cases of mesothelioma in the
United Kingdom over a 10-year period
(Gilson, 1970) indicate that the new cases are
nearly all from areas where there has been a
recognised occupational exposure to asbestos
in the past. There is no evidence cither that
exposure of the general population to
asbestos from beverages, drinking water,
food or pharmaceutical preparations increase
the risk of asbestos-induced diseases.
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