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Pleural calcification, pleural mesotheliomas, and
bronchial cancers caused by tremolite dust

-—

S YAZICIOGLU. R ILCAYTO, K BALCI, B S SAYLI, AND B YORULMAZ

* From the Departments of Chest Diseases and Pathology. Divarbakir University Medical Faculiy,
and the Department of Geneties, Divarbakir and Ankara Medical Faculties, Turkey

ABSTRACT Around the town of Cermik in south-east Turkey there are many deposits of asbestiform
mincrals, some of which are used to make whitewash or stucco. A sample of 7000 of the population
revealed 461 (6-5%) with pleural thickening and calcification, of whom 103 (1-47°, of the total)
had evidence or-imterstittat~puimomary-fibrosis—Forty-one patients with respiratory cancer were
admitted to the Divarbakir Chest Hospital from around Cermik and from a comparable area of
equal population (but without asbestos deposits) in 1977-8. Of these 23 were mesotheliomas,
22 coming from around Cermik. In addition, 11 of the 18 primary bronchial cancers came from
around Cermik. A similar excess of mesothelioma and bronchial cancer had been admitted from
the Curmik a.eu in previous years. The whitewash or stucco material has been shown 1o contain
fibrous tremolite and non-fibrous antigorite/lizardite, chlorite. and talc. A lung biopsy of a patient
from Cermik contained large numbers of tremolite fibres, both free and forming asbestos bodies.
There were only occasional chrysotile fibres.

Cermik is a town in south-cast Turkcy. Since
1973 we have been reporting on investigations
into the cause of *Cermik discase.””'~* In the
present report we add new mineralogical and
epidemiological information and discuss the

Around the town of Cermik uarc numerous
outcrops of asbestiform minerals which are used
to make whitewash and stucco for the walls and
rcofs of the houses. The first pulmonary abh-
normality to be noted was a high prevalence of
calcification.  Sub-
sequently it was noted that, compared with other

significance of the pleuropulmonary disease in  pleural thickening with
the district,

Fig | Map o] south-east Turkey
showing the districts served by the
Divarbakir Chest Hospital. The districts
hatched horizontally and obliquely show
the highest incidence of Cermik
disease.” Cases have also bven reported
from the districts haiched vertically.
Asbestos deposits occur and are worked
in all these districts,-but du not occur
in the unhatched districits.

Address for reprint ;s Dr S Yazicioglu. Depaniment of Chest
Discases. Diyarhakir University Medical Facuhy, Diyarbakir, Turkey.
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. e in the arca served by the Diyarbakir
 Hospital. there was a very high incidence
eural mesothelioma and a relatively high
".ace of primary lung cancer. There were
T .sses uf benign  fibrosing  pleurisy. The
- 24l piciure wus similar to that reported from
.rer west in Turkey (Karain).® *
"Zc investigations weré undertaken to deter-
'-_- the cause of this local excess of pleural
. rulmonary discase in part of Turkey.

12:thods

_te | shows a map of this part of Turkey.
... districts where outcrops of asbestiform
. -ceals occur are shaded. These with vertical

..sing were not investigated in detail. The out-
- = are both most frequent and most frequently
4-oited in the three districts around Ergani.
_zmik. and Cingls which are shaded obliquely
-: horizontally. The population of these three
_encts is 100 800.

I4ree thousand, seven hundred men and 3300
. =¢cn over the age of 20 years were selected
<= these three districts and investigated with
vt radiography. These individuals were those
.~+ could be persuaded to attend from villages

shich fibrous minerals were known to be used.

-1Jv not represent a random sample (table 1).
-z films were all read by three chest physicians
- rxing independently. ’

Jimarhakir Chest Hospital serves these three
rwts s well as the others shown on the map.

" population of the five asbestos districts listed
- whle 2, 227000. is approximately equal to
.. of the seven non-asbestos districts. 217 000.
.nng the period of the survey (1977 and 1978)

21 Age and sex distributions of pleural calcification
w sddmonary fibrosis among 7000 individuals screened
*st rundivgraphy

Sex Numbers Plrural Pulmonary
. calcifications fidrosis
Number  *, Number .
M. 74 4 0-$t - -
F 740 2 Q27 - -
C M HS 20 236 3 0-28
F 1082 b1 266 1 009
M 1062 49 461 .7 0-6%
F 960 8 604 6 062
- M 632 ¥ 14-08 22 348
-F 4 3} 18-36 18 408
M 9: 70 1446 20 2127
F 4 32 59-28 16 2963
M 13 1 8461 [ 1618
L 7 7777 s s8-8
M 3T LM 679 £7 1-33
} 27 200 63 1-40
. et t—
’ 00 461 652 10 1-47
S ———

*culcitcation. pletral mese:heliennas, and brov:chial curicers 565

Table 2 Distribution of 41 paticnts with malignam
mesvthelioma and bronchogenic carcinoma between
ashestos und non-asbessos districts

fTown Popules  Pleweal Pulnswncry Total
tun® weaplusws ncuplaw Number Rute*

Number Rate  Number Rute?

Asbestos districss

Cermik 34 297 s 14-57 ] 1166 v 26-23
Ergani 50766 ¢ 17-72 A 590 12 236}
Cungiy 1870 3 1906 i 6-3% 4 28-42
Maden 36 594 3 146 ] 213 3 PR L
Siserek 90027 ) 33 2 222 8 $-88
Totals 227422 J23 467 M3 483 N 14-50
Nomeasbesios divivicts

Lice B 422 — - | 260 260
Kulp W - - 3 438 3 -8
Dicie BT - - ] X7 1 1-47
Hani 18192 — -— } 5-49 1 5-49
Silvan  S2196 -~ - ! 191 ] 191
Hazro 16310 — - -— - - -
Cinar 28 344 [} 382 - - 1 3-82
Totsl 217962 is 043 7% 1 ¥ 3-67

TData from 1970 census
¢ Per $00 000 inhabitants
$ xt = 16-2$ highly significam
3 13 =0-38 not significant

Table 3  Diugnosiic procedures carried out on the
41 patients with malignant tumours of lung and pleura

Dioynostic procedure Number of cares
Bronchoscopy 28
Bronchial biopsy 26
Needle biopsy (lung) . [
Necdie biopsy (pleurs) 10
Pleural biopsy a1 thorascopy 13
Chiological ination of pleural effusion 23
Regional node biopay 4
Thoracotomy 2
Csrological ination of sp 41
Radiological examinstion 4

there were 86 admissions to the Chest Hospital
for neoplasms of the lung and pleura. These
were analysed and only those 41 patients coming
from the five asbestos districts and seven non-
ashestos districts were considered. The diagnoses
were cestablished by the usual techniques and
the frequency with which each diagnostic
procedure was used is listed in table 3.

Results

POPULATION SURVEY

There were 451 cases of pleural calcification and
thickening among the 7000 individuals selected
(6-5%. table 1). There was no significant differ-
ence between the sexes but there was an increase
in frequency with age. Few ‘cases were seen in
the 21-30 year age group but 69% were affected
kefcre the age of 70. The probability of devel-
cring pleural changes appeared 10 be normally
distrituted about an average of 50°, at 65 years
in this population.




Fig 2 Chest radiograph of a man aged 35 years
from Cermik with shell-like calcification of the
parietal and diaphragmatic pleurae. There is also
thickening of the pleura at both apices.

Pulmounary changes appeared about 10 years
fater than the pleural changes and affected about
50¢, of the population over the age of 70 (table
1). The pleural change was sometimes very
extensive. Figure 2 shows advanced pleural calci-
fication in a man of only 36 years also from
Cermik.

Only six cases of pulmonary tuberculosis were
detected in the rpopulation survey. rather fewer
than was expected for the gensral population of
this region.

ADMISSIONS TO HOSPITAL

Of the 86 patients with primary tumours of the
lungs and pleura admitted to Diyarbakir hospital
in 1977-8, 33 came from the asbestos exposed
districts and only eight from the control districts
(table 2).

There were 23 patients with malignant pleural
mesotheliomas, of whom only one came from the
non-asbestos districts. The incidence appeared
highest in the three districts where the radio-
logical survey had been carried out (Cermik,
Ergani, and Clingiis). In these villages there were
17 cases during the period from a population of
100 000. The rate in Maden and Siverek was less
than a third of this. Figure 3 shows a hydro-
pneumothorax with tumour on the chest wall in
a man of 65 years from Ergani. The fiuid con-
tained hyaluronic acid. Bilateral pleural calci-

S Yanwcioptu e

Fig 3 Chest radiograph of a iman agcd 45 years
from Ergani showing a right hydropncuonathorax,
Tumour (mesothelioma) is vwen on the parietal wall
on the right side. The fluid (ontained hyuluronic acid,
Hilateral calcified pleural plagues are present.

fication is also presant Men and womes=n were
affected in equal numbers although the three
patients under 40 years of age were all women
(table 4). All the men and none of the women
smoked cigarettes.

Primary bronchial cancer occurred in both
asbestos and non-asbestos districts ttakle 2), It
cases from the former, and scven from the latter.
The difference is not statistically signisicant but
when the figures are combined with those for the

Table 4  Age and sex distribution of 41 patienrs with
pleural and pulmonary malignant tumours

Pulinonury tum . o
Malv Femaly Total

Age groups Pleural tumowr Total

O Aele  Female Total

21-30
3140
41-30
51-60
61-70
=

wae=ll
Jw=mrawl
uq'ao\-’
Virncmew

P A
g mem—

]

M ==t~

-
(X
-
-
'
[~
)
»

Totals 4

Table § Pleural and pulmonury cancers from abestos
and non-asbestos districts in this and previoas s:udies

Years Asbestus centres Nemeatsbai.  onires
covered Pleural Pulmonasy  Plrure! Fuimonary
(] 0] lumours
1968-76 24 32 : 12
€10-33) (1407) ([ 43 15-50)
1977-8 2 n ) -
(9-67) (4-83) 1 35) 32
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Fig 4 Phote= .- ¢
lung tissue fr- = &
42 vears froi:
shown 1o havi
adenocarcinor.: T el
hiopsy of a iz . - -
lung and bivg: &° 0 - w2x -.
Iymph nodes. i .
contains nur::c:.
haustrated. bu 252 ==i-:
ashestos bodic
magznification =

showed numerous asbestos bodies «fig -

MINERAL DGICAL INVESTIGATIONS

During carlier investigations the whitrvzin iz
stucco material had been examinsd & s e
Institute of Mineralogical Resezzch 22 srone
by x-ray analysis to contain serpesinz wir-
erals and talc. It was assumed 23t %is Sl
element was chrytotile because of the sreumee
of the serpentine. On this occasiza nev sens 2
of both whitewash or stucco frem Qv it
lung material from the patient whois lurg
shown in fig 4 were sent for mor: deinlsl
analysis including electron microssop: :n2 ;=.-+
analysis of individual fibres.

The stucco was shown to consist of wires -
fisrous phases—chlorite. talc, 224 a :2per
(antigorite/lizardite). The fibrous minz=:! wi:
amphibole, tremolite (fig 5). The serpeziing
eral did not include chrysotile fibzs: |-
biopsy specimen most of the Ibrovr: par.s:
were tremolite with a very sma:l pe::
chryscotile (fig 6). The elemental ana
fibres of tremolite in the stucco and REIN
were found to be very similar. suziestic; :
common source.

Discussion

The use of stucco material contzinirg z fi=--_:
mineral appears to be the causz of %z ¢
reactions, pulmonary fibrosis. and mal:
tumours of the lungs and pleurz in "2 (=il
area. The inhabitants of Cermik and -sigh - .-
ing communities ar¢ unaware that t&:: ms:
causes these diseases. While initial azziysis iy
gested that the fibrous mineral was chryu.iis,

Q‘“"Wﬁw L. ¢ C\\,M \vumd\\-""
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Fig 6 Electron micrograph of dust obtained from
the histological section shown in fig S, showing short
straight fibres which on probe analysis had the same
elemental composition as the tremolite fibres shown
in fig 6. Original magnification x 12 000.

more detailed analyvsis showed it 1o be the am-
phibole tremolite. The material also contains
talc and non-fibrous serpentine but the detailed
composition may vary from place to place within
the area.

The material is quarried from the mountains
by the male population both for local use and
for sale elsewhere. It is uted as a whitewash for
the walls and floors of the houses. The appli-
cation is usually done by women who grind the
material to a powder and suspend it in water.
The process is repeated each year. Consequently
householders are repeatedly exposed from an
early age. and this exposure can be described as
both environmental and occupational but not
industrial. The exposure leads to the diseases
usually associated with exposure to asbestos.? 1t
The first obvious sign is the development of
~geographic™ calcified plaques in the pleura, 1134
Radiographic changes of pulmonary fibrosis de-

Table 6 Results of radivlogical survers

Survey Number of Plewrul colcificution Pulmonary librosis
individuals  Nuniber . Number ‘e
Previous studies 15 3y e 248 § oM
This studs 1000 461 6:50 103 147
Totuls 2223w %0 382 (3] 069

8 Yazicioglu ¢

velop later in a proportion of the population
described by Meurman'” and Selikoff. 1

In this environment the exposure iy lifelong,
from birth to death. as long as the indivicgy)
remains in the arca. Probably for this reason [
radiographic changes appcar carhy and ure vin
extensive. We have encountered many cuses of
non-malignant pleural effusions assuciated with
these changes similar to the cases described hy
Chretien' and Lemanager.' There is also th:k.
ening of the apical pleura in munsy cases which
has not been described previously.

Although the prevalence of the aon-malig-.n;
changes increases with age. it iy variahl: i
extent. Unless further study indicates wide var;.
ations in levels of exposure this suggests an
inherent difference in susceptihility between .in.
dividuals. The incidence of tuberculosis in :his
community is relatively low but further work is
needed 1o see whether exposure to asbemus
carries any protection against tuberculosis.

Individuals have been detected who spent their
infancy in the asbestos a‘ea and then moved
away. With no further exposure they have de.
veloped radiographic changes 20 10 25 years later
and some have subsequently devecloped a respir-
atory neoplasm. This emphasises the relative im-
gcrtance of childhood exposure and of the long
latent interval between critical exposure and the
first detectable signs of disease. On the otaer
hand adult exposure can also be significant as is
exemplified by the wife of a government official
who lived for only three years, from the age of
22 to 25 years, in Cermik and yet was found to
have pleural calcification when she developed
bronchial cancer 35 years later.

A similar clinical picture has heen described
in patients outside the areas of the present survey
in Palu and Adiyaman to the North and West
tfig 1). The gopulanon of the whole area which
appears to be at risk is over half a million. So
far the investigation covers about half the :rea
and the numbers of people examined is oniy a
small fraction of the total. Although support has
teen provided by the Tuberculosis Units o1 the
Turkish Ministry of Health and Wclfare it has
cnly been possible to take radiographs of about
5~. of the population at risk.

More important than the benign changes in
the lungs and pleura are the related neoplasms.
The malignant mesotheliomas arc both the most
frequent and most clearly related to asbestos
exposure. This has been widely reported clse
where.'**** The bronchial cancers are not only
slightly less frequent but on!y a properiion
(perhaps one-third) can be attributed to the
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© bestes exposure. Whereus mesotheliomas have

~cen Troduced  experimentally  with  asbestos
shees. i1 hus heen less easy to show that asbestos
san o.ase primary  bronchial cancers experi-
~entalr.t ¥ In the case of both mesothelioma
_nd br-nchial cancer the relatively low frequency
«f thesy tumours in comparison with the benign
caanges suggesis that individual susceptibility is
sso iniporiant.

As there is no effective treatment for these
Jisease~ it is imperative that cfficient preventive
measurss are taken immediately. They should be
simed at protecting the whole population and
~at ju~: the men while they quarry the material
and the women while they apply the whitewash.

The work was carried out with the continuous
kelp of Humdi Acan MD. General Director of
the Tuberculosis Unit. Ministry of Health and
Welfarz. Turkey. The special analysis of the
stucco material and the dust in the lung biopsy
vas carried cut hy Dr FD Pooley. Department
¢f Mineral Exploitation. University College.
Carditf. Wales.
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