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ABSTRACT Dust from the village of Karain containing the fibrous zeolite erionite, talc, and physio-
logical saline were tested by intraperitoneal injection in 486 Swiss albino mice. Malignant tumours
were found in 84 (41 mesotheliomas, 31 lymphomas, 1 peripheral epidermoid carcinoma, and 11

lymphomas and mesotheliomas together) of the 321 animals which died spontaneously within nine
to 32 months after injection of Karain dust (26- 1%). Three mesotheliomas and no lymphomas were
found among 24 animals injected in the same way with talc during the same time (12.5%). In 46
control animals injected with physiological saline three mesotheliomas and one lymphoma were
seen (8-7%). Thus Karain dust appears to be a potent carcinogen, causing both mesotheliomas and
malignant lymphomas.

Since 1974 the Baris group from Hacettepe University
of Ankara, Turkey, has worked on the problem of
mesotheliomas in middle Anatolia, where in certain
villages there is an endemic occurrence of this disease.
The highest incidence is in the village of Karain.'
Volcanic tuffs form the bedrock of the area. In the
villages with a high incidence of mesothelioma the
tuffs have converted into zeolites, both non-fibrous
(clinoptilolite and chabasite) and fibrous (erionite and
mordenite.2 3 Erionite fibres can also be found in
biopsies of the lung24 and pleura4 in inhabitants of
the affected villages. Since some doubt as to the
causation of the mesotheliomas still remains, 5 6 it was
decided to carry out some experiments beginning in
1980.

Material and methods

A rock from Karain was ground to dust at the
Geological Institute of Hacettepe University. In this
Karain dust (KD) zeolite was shown, both in fibrous
and non-fibrous form. There were no signs of any
asbestos in the dust. The dust was divided into pack-
ages of 5, 10, 15, 20, 30, and 40 g and suspended in
I ml of physiological saline and sterilised with ultra-
violet light. Commercial talc, 20 mg, was treated in
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the same way. The suspensions were injected into 6
week old Swiss albino mice. As a control, 1 ml of
physiological saline was used in several animals.
The animals were checked every day until sponta-

neous death occurred or until there were obvious
signs of tumour, such as a greatly enlarged abdomen.
Animals which died before nine months had elapsed
after injection were excluded.
Postmortem examination was performed on all

dead animals. Macroscopical findings were noted and
biopsy specimens from the injection site, parietal and
visceral peritoneal mesothelium, peritoneal lymph
nodes, spleen, liver, kidneys, adrenals, mediastinal
lymph nodes, and tumours were taken for micro-
scopical investigation. The pathologist was unaware
of the type of dust to which the animals had been
exposed.

Results

As seen in the table, KD caused tumours in 26-1%,
talc in 12-5%, and physiological saline in 8-7% of the
animals. There was no evident relation between the
amount of dust and the incidence of tumours. No
tumours occurred before nine months had elapsed
after injection.
Of the 321 animals given KD, mesothelioma devel-

oped in 41, lymphoma in 31, peripheral epidermoid
carcinoma in one, and both lymphoma and meso-
thelioma in 11. Thus in all there were 52 meso-
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Peritoneal mesothelioma and malignant lymphoma in mice caused by fibrous zeolite

Peritoneal mesotheliomas in mice: (A) fibrous mesothelioma withfew mitoses, (B)
sarcomatous type, (C) epithelial mesothelioma. (HE stain; original magnification x 400.)
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Results ofintraperitoneal injection ofKarain dust (KD) and oftalc into mice

Injected No of Dead before Remaining Mesothelioma Lymphomas Both lymphoma Total %
material mice six months & mesothelioma tumours

Saline 55 9 46 3 1 0 4 8-7
5mgKD 69 14 55 6 - 4 10 18-1
10 mg KD 97 16 81 12 11 4 27 33
15 mg KD 98 25 73 10 7 - 17 23-3
20 mg KD 45 2 43 6 5 0 12* 28
30mgKD 45 6 39 3 4 1 8 20 5
40 mg KD 37 7 30 4 4 2 10 33
All KD 391 70 321 41 31 11 84* 26-1
Talc(20mg) 40 16 24 3 - - 3 12-5

*One animal had an epidermoid tumour of the lung.

theliomas (16-5%), and 42 lymphomas (13-3%). All
types of mesotheliomas (fibrous sarcomatous, and
mixed) were seen (figure). The lymphomas were of the
malignant lymphomatous type.

Depending on the stage ofdisease at death, the liver
or spleen, or both, were often invaded in both types of
tumours, and in some cases there were also distant
metastases.

Discussion

The first international report from the village of
Karain was published by Baris etal in 1978.'
Extremely high incidences of malignant meso-
thelioma and benign pleural changes were reported,
but apart from some asbestos fibres in some of the
water used in the village (a finding which has not since
been confirmed7), no mineral fibres had been found in
the environment to that date. The extensive
subsequent investigations showed that fibrous
zeolites, the most important of which is erionite, were
present in the village of Karain and in two other
villages-Tuzk6y and Sarihidir-where meso-
theliomas also occur.248

There is still some doubt as to whether fibrous
zeolite is the cause of the malignant mesotheliomas in
this part of Turkey, and it has been suggested that it
is mixed fibrous dust, containing asbestos fibres in
addition to erionite, that is the culprit.56 It has been
claimed that there is some asbestos in the
surroundings of Karain,5 and lung biopsy specimens
from patients from Karain contained other fibres in
addition to erionite.6 Measurements of the fibre levels
in environmental air samples from Karain have
shown such low figures7 that doubt has been cast on
their importance. Furthermore, it has been claimed
that erionite fibres may be found in nearby villages
where there are no known cases of mesotheliomas.5
In an investigation by Mumpton, 15 of 28 probes
from the three villages showed erionite fibres, whereas
only four of 48 from control villages showed such
fibres.9 F6rster has since reported that zeolites occur

only in the northern part of Karain,3 whereas the
probes in Mumpton's study were taken in the south-
ern part.

Asbestos fibres may be seen in the lungs of many
people even without occupational exposure and their
occurrence in people from Karain could be a chance
finding. The vast majority of the fibres in the lungs of
the Turkish villagers were erionite, and only a small
minority were asbestos.56 In patients from Tuzkoy
fibres of erionite in high concentrations and
ferruginous bodies on erionite have been found.'0
Mesotheliomas in experimental animals after intra-
pleural or intraperitoneal injection or even inhalation
of erionite have also been shown."I -13
The results of the present study confirm that dust

from Karain is carcinogenic, and since it contained no
asbestos it seems most probable that it is the erionite
that caused the mesotheliomas. Maltoni et al state
that pure erionite injected intrapleurally in rats causes
mesothelioma in the pleura in 90% of the cases,"1 and
Wagner reported 100% of mesotheliomas with both
intrapleural injection and with inhalation.'3 In the
present material the frequency of tumours was not as
high, since dust from Karain was used rather than
pure erionite, and perhaps also because the intra-
peritoneal rather than the intrapleural route was
chosen. According to Maltoni etal, erionite causes
more mesotheliomas than crocidolite, which is gener-
ally considered to be the most dangerous type of
asbestos in this regard." Wagner states that erionite
is the only dust so far known to cause mesotheliomas
in 100% of experimental animals on inhalation.13
An unexpected observations was the relatively

common occurrence of malignant lymphomas in the
experimental animals. There are no epidemiological
findings to confirm this. Artvinli and Baris, however,
state that tumours other than mesotheliomas may
not be uncommon in Tuzcoy.4 So far, however, with
the exception of lung cancer,7 no tumour other than
malignant mesothelioma has been shown to have an
increased incidence in the zeolite area.

Suzuki used two types of American erionite (from

6zesmi, Patiroglu, Hillerdal, and Ozesmi748
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Nevada and Colorado), which on intraperitoneal
injection caused malignant peritoneal tumours in
50% of the animals,'2 a frequency higher than that
among animals injected with asbestos (33% with
amosite and 17% with crysotile). Of the 39 animals
with erionite induced malignant peritoneal tumours,
five had plasmocytomas, and in two other animals
mesothelioma was combined with plasmocytoma.
There were no plasmocytomas or lymphoid tumours
in the animals exposed to asbestos. Thus erionite
seems to be able to cause tumours of the lymphoid
system, which fits with the present results.
From a study with intraperitoneal inoculation and

inhalation of asbestos, Wagner reported some
lymphosarcomas."4 All animals that had received
asbestos showed pronounced stimulation of the retic-
ular endothelial system. Tumours of the
haematopoietic and lymphatic systems have also been
described in people exposed to asbestos.'5 Since the
effects of erionite are thought to be similar to those of
asbestos, stimulation of the lymphatic system with the
ultimate formation of lymphomas seems a possibility.
On the other hand, Wagner et al have also shown that
crystalline silica when injected intrapleurally in rats
can cause lymphoproliferation and lymphomas.'6 17
Thus it is possible that the other ingredients of the
Karain dust-those that are not fibrous-caused the
lymphomas in our study. There seem to be great
differences in the susceptibility of various strains of
animals to the development of lymphomas, Wistar
rats being most affected.'6 Swiss albino mice might be
such a susceptible strain of animals. These questions
necessitate further studies, which are now in progress.

We thank Professors Y Baris and G Ataman for their
help and support in the present study.
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