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ABSTRACT

A high frequency of malignant pleural mesothelioma (MPM), a high frequency of calcified pleural plaques (CPP)
and pleural thickening [PT) have been observed in Turkey. The cause of these diseases and their relationships
and mechanism of mineral dust are still under debate, and there are contraversies. The purpose of this study is
to try to correlate potentially hazardous minerals and explain distnbution of MPM, CPP, and PT in Ankara (ligaz,
Cankin, and Elmadag) and Eskisehir (Mihalliggik, Sorkun and Gardak). Potentially hazardous minerals and their
source racks, the potential synergy between the different pathogenic mineral dusts were evaluated together with
intensity of exposure and type, duration, and fiber dimension within the study areas. While the lifetime exposure to
a high dose of short and thin mineral fibers including chrysotile, tremolite and antigorite in Cankin, and chrysaotile,
tremolite, antigorite, and anthophyllite in Eskisehir with their repeated episodes of injury may be the cause of the
MPM; low dose, short and long, but thick , splintery tremolite fibers seem to be the cause of the CPP and PT in
ligaz and Elmadag of Ankara Serpentinite, amphibolite, metahornblendite, and metapyroxenite are the sourges
for these fibers.
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Malign plavral mezotelyoma (akciger zan kanser) (MPM), kalsifiye plevral plak (CPFP) ve plevral kalinlagma (PT)
Tarkive'de yaygin olarak gérilir. Bu hastaliklann nedenleri ve mineral tozlan ie iigkileri dinyada hala tartigma
konusudur ve celigkilidic. Bu gahgmamn amaci; Ankara (ligaz, Gankin ve Eimadad) ve Eskigehir (Mihalliggik,
Sorkun ve Gardak) yorelerinde saghga zararr minerallsnin tarlen, kaynak kayaglan, boyutlan, mineral tozianna
maruz kaltnan sire, hastalik tirler ve orantan birikie dederfandilerek belitilen hastaliklarta rineral tozfannin
iligkisini saptamaktir. Sonug olarak, yagam boyu ince ve kisa kizalil, tremolit ve antigont iiflerf Gankirida; yagam
boyu ince ve kisa krizolil, tremolit, antigont ve antofilit fiflerinin Eskigehir yGrelerinde MPM nedeni olabilecegi
saptanmighr. ligaz ve Elmadad yorelerinde gorilen CPF ve PT nedeni ise, asbestiform olmayan, ancak yapay
olarak yore halki tarafindan kullanim igin toz hafine gelinlen digok dozda, kafin ve uzun ve kisa tremolitierdi.
Yukarida bahsedilen sagiiga zararh  minerallerin  kaynadi  serpentinit, amfibalit,  metahornblendit ve
melapiroksenittir.

Anahtar kelimeler: Ankara, Eskigehir, niineral tozlan, CPF, MPM, PT
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INTRODUCTION

A data set of medical sludies related with
malignant pleural mesothelioma  (MPM),
calcified pleural plaques (CPP), and pleural
thickening (PT) from Anatolia, Turkey have
been reported. Hacettepe Medical School alone
collected 255 cases of MPM and higher
number of CPP ard PT in Anatolia, Turkey in
1980 (Bang, 1987). Table 1 indicates the
number of cases reported (first numbers) and
the number of patients (second numbers)
examined from the areas investigated. The
number of cases reported by Bans (1987) in
Hacthasan of llgaz, and  Sabandzi,
Gimerdiin, Glrpinar and Gapar of Cankir,
Ankara; by Karakoca et al. {(1997) and Keyf et
al., (1994) in Edige of Elmadad, Ankara; and
by Bans ei al. (1987) in Mihalligoik of
Eskigehir. Airborne fibrous mineral dusts were
observed both outdoors and indoors, originating
from air and soil. Therefore, the people living in
these areas have been exposed to these
fibrous minerals since their birth. The guestion
of carcinogenic potential and other types of
pulmonary diseases, such as CPP and PT of
chrysotile, and amphibole asbestos are not
anly of scientific interest, but also have legal,
public policy, and public health importance.

Despite extensive cancer studies in human,
certain controversies remain about asbestos
exposure and human cancer. The key
guestions concemn whether or not, and to what
extent, exposure to chrysotile asbestos,
including its natural contaminant fremolite,

Table 1.

causes mesothelioma in human. Thus the
primary controversy is the question of fiber type
in causation of mesothelioma. ‘Amphibole
hypothesis’, officially introduced in 1930
{(Mossman et al., 1990), stating that chrysotile
ashestos is not  potent cause of malignant
peritonal mesotheliorma supporting
Environmental Protection Agency of USA (EPA)
(1986) and Doll and Peto (1985). The
amphibole hypothesis has raised many crucial
issues and served to focus research on still
partially unanswered question of why different
exposed populations have experienced such
different rates of major asbestos diseases.
Stayner et al. (1998), Cullen (1996), and
Mcdonald et.al. (1997) also suggested that
chrysotile may be less potent than some
amphibole asbestos minerals in causing
mesothelioma. Some of the recent publications,
however, suggested that chrysotile asbestos is
the main cause of pleural mesothelioma in
humans (i.e., Huncharek, 1984; Nicholson and
Landrigan, 1994),

At least from a diagnostic perspective, asbestos
has another curious effect; it can cause pleural
lesions, visible some decades after exposure
(Selikoff and Lee, 1978). Pleural plagues are
the most common of these lesions in the central
Anatolia and in the other pars of the world.
Calcified or noncalcified plagues are seen
almost exclusively in persons exposed to
ashestos. Since these lesions are much maore
comman in central Anatolia than malignant
tumors, their occurrence might be one way of

Mumber and distribution of MPM, CPP and PCC in the study areas {see text for explanation).

Cizelge 1.Caligma alamiarinda MPM, CPP, and PT dederlen ve dafiimlan (aynintil bilgi metin

igansindedir).
' Type of diseases related with mineral dust
ILGAZ CPP: 321100 '
{llgaz-Hacihasan) PT: 35160
. MPM: 0180
CANKIRI CPP+PT: 3/310
{Sabandzl, Girpinar, Gomerdifin and Capar) MPM: 137310
ELMADAG CPP: 32176
(Edige) PT: 27TH TS
MPM: 087
ESKISEHIR CPP: 470/4238
(Mihalbigeik, Sorkun and Cardak) MPM: G cases




measuring impact of asbestos on the general
population. The purpese of this study is to
examine the evidence concerning the
importance of asbestos in causing MPM, CPP
and PT in ligaz (Hacihasan), Gankin (Saban-
dzi, Gorpinar, Gumerdigin, and Capar), and
Elmadag (Edige) areas in the Ankara region
and Mihalliggik, Sorkun, and Cardak areas in
the Eskigehir region.

MATERIAL AND METHODS

Ultramafic and mafic rocks are the sources for
the hazardous minerals. These racks are used
by the villagers as garden walls, bricks, natural
insulation material for housing, white stucco
plastered their walls, to filter grape molasses,
and baby powder. Although they are closed
down in 1881 in the Cankin area, there are
asbestos mines about 1-2 km away from the
vilages such as Sabantzi (Cankin) and
Mihalliggik (Eskisehir). Therefore, occupational
exposure to mineral dust is inevitable in these
areas. Another exposure type is through water;
rainwater, percolating through the seoil, washes
out fine fibers that many of them are fine
enaugh to be respirable, and lofted once slurry
is dried.

Ultramafic and mafic rocks were studied for
fiber type risk comparison to find out the link
between mineral dust, hence source, and the
diseases in the areas. Field studies include
sampling and environmental investigation of the
residental areas. Samples were collected fram
bedrock, source rock, and wherever necessary
for the soil, insulation materials, wall plasters
and other materials used, and some tissues.
Total of 180 samples of source rocks, and 3
samples from the each material used ( soil,
insulation material and white stucco) for every
residental areas were collected. Fibers were
differentiated  utilizing  fiber  morphalogy,
chemical compesition, and diffraction patterns
by using optical and electron microscopes, X-
ray diffraction spectro-metre (XRD), and atomic
absorption  spectro-metre  (AAS).  Electron
microscope studies were done at the University
of lowa, USA. STEM (scanning transmission)
mode of TEM (transmission  eleciron
microscope)  at 100 Kv were used for the
tissue samples. The XRD analyses were done
at the Hacettepe University and the General
Directorate  of Mineral Research and
Explaration {(MTA) laboratories. Water samples
from the llgaz area were analyzed for particals
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and metal concentrations, Element
concentrations were analyzed by AAS at the
Hydrogeology laboratories of the Hacettepe
University. Human tissue and airfilter analyses
from the literature were also taken into account
for the results.

GEOLOGICAL SETTING

ligaz-Cankir-Elmadag area (Figure 1) is
located within the Ankara Melange which is the
broad term to describe the rocks defined as an
olistostromal and tectonic mixture of ophialitic
material and sediments of oceanic origin with
exotic  blocks including pelagic sediments,
radiolarian chert, dunite, harzburgite,
pyroxenite, gabbro, and basalt (Bailey and Me
Callien, 1950, Akyurek et al. 1980, 1984
Morman,1985). The Ankara region has two
superimposed suture zones of disparate ages
comprising imbricate belts of Late Triassic
(Karakaya Complex) and Cretaceous {Anatolian
Complex) napes (Kogyigit, 1981). In many
areas, the outcrops of the Ankara Melange are
located along the lzmir-Ankara suture, where
they are truncated by faults defining the suture.
Okay (1998) suggested that [zmir-Ankara
suture represents the Paleo-Tethyan as well as
the Neo-Tethyan sutura. Kozur  (1998),
suggested that the Triassic oceanic
development ended in the middle or late
Morian, and therefore, the age of the lzmir-
Ankara Zone is late Norian.

In descending fectonic sequence three main
melange units (Kogyigit, 1991), dominated by
differant  clast assemblages (Capan 1981
Akyurek et al 1984, Norman, 1984), are
recognized in the Ankara Melange. These
assemblages are 1) Upper Karakaya nappe; 2)
Lower Karakaya Nappe; and 3) the Anatolian
Mappe. The Karakaya Complex tectonically lies
over a Mercynian crystaline basement with
Carboniferous  isotopic ages ([Okay, 1998}
ankin and ligaz area are both located within
the Kiliglar section of the Anatolian Nappe.
Eskisehir region is widely excepted as the part
of the Cretaceous ophiolite located at the
western most end of the Ankara Melange
(Figure 2). Kulaksiz (1977) recogized two
different metamorphic units which were called
Northern  and  Southern  Metamorphics  in
Eskigehir area within melange unit. Mihaliggik,
Sorkun and Cardak are situated in the Northern
Metamarphics consists of metabasites with
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relict minerals, metaharzburgite-serpentinite,
pyroxenite, dunite and hornblendite.

MINERALOGY AND PETROGRAPHY OF THE
SOURCE ROCKS

Oue to tectonism, low grade metamorphism,
hydrothermal alteration and weathering of the
racks affected the secondary mineralization in
the areas studied. The Chemical Alteration
Index of (Cla= 100 x (ALOY (AlLO.+ Cal'+
Na; O +K,0)) (Neshitt and Young, 1982 1984,
and 1989: Nesbitt and Wilson, 1982) values of

4: o ] r’
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mafic rocks calculated from the available data
of the published literature (i.e.. Kulaksiz, 1977,
Tankut and Sayin, 1990; Tankut and Gorton,
1990), varies from 0.39x100 to 0.70x100
indication of intermediate chemical alteration in
the siudy area. In general, the intensity of
chemical weathering i1s reflected in the mineral
alteration. Heavy fracturing also increases the
alteration rate, hence amount of secondary
aluminous phases. Minerals of the source
rocks and ather marerials such as soil, wall
plaster and air samples are tabulated in Table 2
far comparisan.
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Figure 1. Geological map of the study area in the Ankara region (revized from 1/500 000 scale map of MTA)
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Commercially avaliable ore-grade asbestos
deposits  derived  from  harzburgite type
peridotite (Gomerdigin, and Capar), The area
was heavily fractured and three different
episodes of fracture systems were observed
during the field studies. All three serpentine
minerals chrysotile, lizardite, and antigorite with
an approximate composition H MgsS0s and
tremaolite, chlorite, talc, magnesite, brucite,
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sphene, and calcite are found as secondary
minerals in the ultramafic rock samples of the
area (see Table 2). Presence of serpentine,
tremolite, brucite, and chlorite are the
characteristic minerals of ultramafic racks in the
low grade metamorphism. Chrysotile is the
main  asbestos type  with tremolite
contamination. Field and microscopic studies
indicated that the fibers were formed at the

sor.mﬁé‘gr-.rm NDAG .GA
—hn_ -
nkayz b
ﬁ Karacagren -..-E Quaternery
T Mr Holocene
R = Plio-Quaternary
AN fﬁcﬁ'anoglu P 3 Pliceene
—~—‘J-*'x-.--' A5 I 3 —
= .,‘- ~ 3 | )
'n LQ Aﬁ.aﬁt |§deaga‘c .*_.‘\ ] Uu «AkOren Oy __{)ﬂ Qligcceng-Miocene
S N ety Q',Hf unus%rlig:, L { | & | Eocene
%Uyuztﬁ_;an BEY KAHIR. l”r h:?;_? r QYPSS'F‘E'!’\-“"- M Mesozoicundifferentieted
. BQE; ﬁf‘ ige | [ Kr | Cretaceous undifierentieted
r d ml-fa_y S F| !
. an[glkmsa n‘L___Fj\ ‘gu qa{ endigar ¢ .;}li . Jkr_ .y Jura Fretan:eous
| i-lb Mﬁ;. - ara " pm_. Pemnian
S = e e T | 1] Investigated Areas
Kmm —— T, : - [ER {Ophialitas)
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same time as the malrix serpentine rock from
the parent material and also later placing
existing matrix material, starting at fractures
and fissures growing inwards. The fibers are
usually aligned approximatelly across veins,
Their length may reach to 3-4 cm. There is also
widespread non-commercial occurrences of
chrysotile as pars of the extensively altered
bodies of serpentinite. Lizardite occurs in
finegrained aggregates. Antigorite is present in
the main matrix tegether with chrysotile and
also occurs as lenticular veins and along faults
and shear planes with talc. Occurences of
magnesite, tale, and antigorite may be ascribed
to shearing movements assisted by penetration
of hydrothermal fluids in the Gankin area.
QOccurences of antigorite may also be the
product of progresive metameorphistm,

There are chrysotile ashestos deposits in
Mihalhigoik, Sorkun and Gardak in the Eskigehir
region. Mineralogical differences of the
asbestos deposits are observed in the Ankara
and Eskisehir regions. The ultramafic tectonites
consist of olivine, orthopyroxene,
clinopyroxeng, and chrome-spinel in the
Eskigehir area. Cumulate ultramafics comprise
olivine, clino-pyroxene, orthopyroxene, and
plagioclase. Secondary minerals  include
lizardite, chrysolite, anfigorite,  actinolite-
tremolite, tale, chiorite, sphene, magnetite, and
carbonate. Chromite is  also present as
accessory mineral. Secondary products may
comprise up to 80% of the samples. Tremolite,
actinolite, and chlorite are the characteristic
minerals in low grade regional metamorphism
indicating greenschist metamerphism. There
are another rock associations with tremclite,
anthophyllite, talc, chlorite, and relict pyroxene
in the same area. These mineral associations
are presented in the Table 2. Anthophyliite (Mg,
Fely(Sis0s)(OH, F); is present with an
asbestiform habit. The presence of asbestifarm
anthophyllite and the other minerals such as
tremolite, and talc may be indication of regional
metamorphism of ultra-basic rocks associated
with amphibolite metamorphism. Field and
mineralagical studies indicate the mixture of
both thin and thick, and long and short fibers of
chrysotile, tremolite, and anthophyllte as
potentially hazardous minerals in the Eskigehir
region.

In the llgaz area, carbonate rocks make up the
base rocks. Mafic and ultramafic rocks are only
in the form of small exotic blocks. They are

mainly hornblendite metamorphosed into the
amphibolite facies and located away from the
town, but are used as insulation material
Tremolite, hornblende, edenite, talc, chicrite,
and rutle are the characteristic minerals
present in the  amphibolite facies of the
ultramafics in the ligaz samples (see Table 2).
Hastingsite and eckermannite are also detected
as a tracer amount . The amphibole group
minerals exhibit an extremely wide range of
chemical composition in the area. The
amphibole structure admits great flexibility of
ionic replacement. Edenite (NaCay
MasSizAlD.:(0H):) can be regarded as derived
from tremolite (Ca:MgsSigOs(OH);) by the
addition of Ma in the A site and the substitution
of Al for S8i indicaling progressive
metamorphism.  Common  hornblende  and
edenite can be termed as hornblende.
Eckermannite {NazMg,AlSip.0.:{0H);) is also
related to tremolite by complete replacement of
Ca, by Naz; and this is compensated by the
replacement of MgsAl;  for  Mgs.  This
replacement may indicate the chemical
changes in the later stage by increasing in Na
and Al content in the study area. Tremolite
seem to be the only hazardous mineral among
these and is the mainly of fragment type.

Edige of Elmadag area is covered by vegetation
and soil. Source for the wall plaster and
insulation material used is transported from
nearby outcrops. The source rock is low-grade
regionally metamorphosed (greenschist facies)
ultrabasic rock mainly consisting pyroxenite,
The main characteristic minerals are tremaolite,
tale, and chlorite (see Table 2).  Anthophyllite
and riebeckite are present as tracers.
Montmorillonite and  stevensite, which are
interlayering of montmerillonite and saponite,
are present as weathering products,

MINERALOGY OF SOIL, MATERIAL USED,
TISSUE, AND AIR DUST

Airborne fibrous mineral dusts were observed
bath outdoors and indoors, originating from the
air and soil. Therefore, the people living in
these areas have been exposed fo these
fibrous minerals since birth. Most of the
bedrock used as garden walls and bricks for
housing are heavily altered and include fibrous
health hazard minerals. Table 2 shows the
minerals of the insulation material, wall plaster
and alsc some tissue samples from each area.
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The general vegetation in the villages of Cankin
and Eskigehir areas were sparse dus to the
serpentinite soil and the low annual rainfall
which pravides an unfavorable envirenment for
plant growth. Combinations of climate, the
relative sparseness of the vegetation cover, and
fine grain size of the pervasive minerals, dus to
heavy fracturing, make these uniguely erodable
natural sources of fibres. There are asbestos
mines about 1-2 km from the villages. However,
asbestns expoliation has been ceased in the
area. White stucco is used as natural insulation
material and to paint most of the houses, The
white stucco and the material used for grape
molasses and baby powder in the region
contzined tremolite, eckermannite, quariz,
feldspar, and mica. Mineralogical examination
of lung tissues showed 2 x 10° ferruginous
bedies and 3 x 10% tremalite fibers per gram of
dried tissue (Bang, 1987) Silica and diatome
particles were also cbserved in large numbers
in the tissue samples. In the Gankin area, air
filter analyses revealed about 5 fiml and the
mean fiber length was 3.5 um. Some of the
fibers are about 20 pm in length (Table 3}
STEM micrograph of tissue sample shows the
tremolite fiber (Figure 3). Beside the asbestos
mines, ithere are some ashestos mill and
factories in the town centre of Mihalliggik, and
nearby Sorkun and Gardak. Many of them were
open ashestos mines extracted with spades
and shovels. Chromium, sepiclite, kaoling, and
marble workshops, mills and factories also
contribute to occurrence of heavy dust in the
area. The soil analyses indicates the presence
of chrysotile, tremolite, anthophyllite, talc, and
chlorite.

In the llgaz area, the annual rainfzli is higher
than that in the Gankir area and the area is
covered by forests. Although the bedrock is
carbonate, including limestone and deolomite,
there are exotic blocks of the melange which
are also used for multiple purposes by the lecal
people. Mast of the houses were made from
wood and mud brick, and the walls were
plastered with mud. The white stucco to paint
the wall is rarely used. However, the insulation
material is made out of natural material
collected from the earth. Tremolite, chlorite, and
mica were observed in the natural material
used as insulation. There was no mining
activity in the nearby villages. Amphibole group
minerals, which occurred in these regionally
metamorphosed  ultrabasic  exofic  blocks,
included  tremolite, hornblende,  edenite,
hastingsite, and eckermannite. Talc, calcite,

quartz, chlorite, muscovite, rutil, and clay
minerals were observed in the soil samples.
Analysis of airborne dust particles indicate the
presence of tremelite, eckermannite, calcite,
chlorite, mica, and rutile. The fibers are mostly
shorter than 2.5 um in length. Water samples
were analyzed to determine fiber and element
concentrations. Analyses indicated that water
was very soft (pH = 8.13) and drinkable and the
concentrations of heavy metals were below the
detection limits. Mumerous asbestiform fibers
were observed in water samples. Tremolite was
the predominant amphibcle group  mineral
observed in the area. Trace amounts of
anthophyllite and riebeckite in the soil of the
Edige area was observed. It is difficult to
determine whether a specific amphibole fiber 15
the resuit of the fragmentation of precursor
asbestiform amphibole or & “common” prismatic
and stubby amphibole. Howewer, the mean
aspect ratios of asbestiform amphiboles tend to
be 20:1 or greater in fibers longer than 5 pm.
The study of air dust and tremolite from the
source rack in the llgaz and Elmadad areas
indicates that the average aspect ratio of
treraolite fiber is 15:1. Therefore, the common
natural amphibole group minerals of the lligaz
(Hacihasan) and Elmadag (Edige} areas are
mainly nan-astestos; but upon fracture through
the clevage planes of the larger grains they
could produce ahundant smaller fibers. Natural
mineral dust, therefore, was a composite of
primary mineral fibers and also fibers formed
both by secondary chemical reactions and
artifical processes introduced by human activity
in the area.

DISCUSSIONS AND CONCLUSIONS

As shown on Table 1, distributions of chest
diseases reported in the Cankin and Eskisehir
areas are similar. In these areas, MPM is
observed beside PT and CPP. There is not any
reported cases of MPM in the literature, but
anly PT and CPP were observed in the ligaz
and Elmadag areas. Vast amount of fibers are
produced by the erosion of natural deposits at
the surface of the soil due to heavy fracturing,
poor vegetation, and climatic conditions in the
GCankin and Eskisehir areas. Rural exposure
was enhanced by various human activities
including agriculture and exposure to indoor
sources such as white stucco, wall paint,
insulation material, and mining. Beside dose,
type and concenirafions of the fibers, duration
of exposure and morphology of the fibers may
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Table 3: Type of hazardous minerals, ther distrubutions, doses, diameters and lengths
Gizelge 3: Calisma alanlanmin saghda zarart mineralled ve bunlann dadifimian, dozlan, vzuniukian ve kalmitklan

Type of asbesios Fiber lengih Fiber diameter Fiber dose (indoar)
rminerals e }
ILGAL Tremalite ~20-200pm =1-20 pm Mot analyzed
(Hacihasan) o o
CANKIRI Chirysotile, tremolite, ~4-20 pm ~0.2-0.3 pm 2.9-Fliver/ml
(Sabandzi, Glrpinar, and antigorile
Gumerdigin and Capan) . e
ELMADAG Tremalite ~10-200um =2 p-20 pm 0.054-0.1 fiberimi
(Edige) o -
ESKISEHIR Chrysatile, ramalite, ~2u-30 pm ~0.2-0.5 prn Mot analyzed
{Mihalligik, Sorkun and  antigorite anthophylite
Gardak) o - R

be associated with the cancer cases. Answers
to those questions  will help to explain the
visease pafterns. Table 3 represents the type of
asbestos minerals, their source rocks, fiber
length, fiber diameter, and dose for comparison,
Field reconnaissance and mineralogical studies
show high amounts of chrysolite, tremolite, and
some  antigorite  fikers in the Sabandzl,
Gurpinar, Gumerdigin, and Gaparkay villages
in the Cankin area. High doses of chrysotile,
remolite, antigorite, and  anthophylite are
present in Mihalhggik, Sorkun, and Cardak of
the Eskigehir area. The fibers are short ang thin
in both Gankin and Eskisehir areas, Although,
only tremaolite fibers observed in the tissue
samples in the Cankin area, heavy dose, but
short and thin fibers of exposure of chrysatile
are inevitable. Chrysotile is known to split apart
lengitudinally and dissclve in the lung, whereas
amphibole remain in the lungs for years without
significant dissolution (Wagner et al., 1982 and
1866, Sebastian et al, 1983). For |aboratory
experiments, it has hypothetical that a
chrysotile fiper of 1urm in diameter would
completely dissolve inithe human lung in §24.5
months (Hume and Rimstidt, 1892). It is very
difficult to observe chrysaotile fibers of the tissue
samples under optical microscope because of
the small size. It is also very difficult to observe
through electron microscope due to beam
sensitivity of chrysotile. These may be the
reasons stated above that chrysctile fibers were
not  observed in the tissue samples in the
Cankin area. A large series of studies using
intrapleural or intraperitonal  injection  had
demonstrated that long and thin fibers were the
most effective at producing mesotheliomas,
once they were within the body cavities (Paott et

al, 1972; Stanten and Wreingh, 1872: Pott et
al, 1974, Stanton et al, 1977). Fibers longer
than 20 um are mare potent than fibers shorter
than 10 pm with respect to the induction of
pulmonary tumors and fioresis by inhalation
(Davis et al., 1886b; Davis, 1989). A recent
study by Dodsan et al. (1997 confirmed that
the most dangercus fibers were more than 8
um in length and less than 025 um in
diameters. However, both the chrysotile and
armphibcle fibers in the pleuraiplagues of all of
these studies have besn reported as
consistently  shorter  than  those in the
parenchyma itself, Repeated episodes of cells
tissue injury followed by proliferation and
genetic damage may give rise to a tumor that
proliferates autonomously (Antoniades, 1992).
Wagner et al. (1980) and Davis et al. (1988a)
also have amplified the importance of the
numbers of very fine fibers for determination of
chrysotile  pathogenecity.  Thersfore,  the
suggestion of the authors is that the life time,
high dose exposure to short fiers of chrysolite,
tremolite, antigorite and/or anthophyllite and
their release of toxic oxygen free radicals may
be the cause of the malignant mesothelioma in
the Ankara and Eskisenir regions.

Asbestiform minerals are not always found with
a fibrous habit. Tremalite, for example, occurs
naturally in three distinct morphological forms or

mineral habits. It may occur as asbestos,
splintery  fibres  or in massive crystalline
deposits.  Any mechanical manipulation  of

asbestos rocks rapidly produces many lang,
thin fibres/ffibrils, since for the most pan,
asbestos fibrils are easily separable. This, in



158

Figure 3: STEM micrograph of tissue sample showing the tremalite fiber (accelerating voltage is 100 KV)
Sekil 3: Dokudan ahnan dmekie tremoiit lifini gdsteren STEM mikrograft {voitaj 100 KV'lur)

part, because of translocation along a twin
plane, which produces a much reduced
cohesion. Other defects in the structure are
thought to contribute to this property. A lot of
data has accumulated which suggests that
amphibole asbestos, and its non-asbeslos
analoques, possess very different biclogical
potential. Davis et al. (1991) demonstrated that
although asbestiform tremolite was extermely
carcinogenic when injected into the peritoreal
cavities of rats, non-asbestiform tremolite
samples had little or no carcinogenic potential.
These observations suggest that the tremolite
contamination of any material may present a
concern only if thin asbestiform fibers are
present. Therefore, it is important to distinguish
betweeen asbestiform and non-asbestiform
tremolite. Churg (1995} provided data as
evidence that amphibcle fibers did reach and
accurmnulate in the parietal pleura in localized
“hot spots”, and that some of these fibers were
relatively long. Plagues appeared at much
lower total fiber concentrations than did
asbestosis. Churg (1996) also suggested that
lacalized inflammatory reactions were probably

important in the genesis of plaques. Hence, this
study may imply that the long, thick and low
dosage of splintry tremolite fibers may be the
cause of the pleural plagues and the thickening
of the villagers living in the study area. Although
they are in very low dose, an additive factor of
other pathogenic active minerals, such as trace
amount of riebeckite and antophyllite, may
include the inflammatory or hyparsensitivity
reactions, and than splintery tremolite may
cause the plague accumulation in the area.

In countries such as Turkey with high levels of
durable fibers in the environment, aither as a
result of natural comminution of rocks, mining
or other activities-building with fiber-rich stone
or painting houses with fiber-rich  stucco,
considerable environmental exposure is In-
evitable unless particular care is taken, If this is
not done, then the cumulative fiber doses
experienced by the exposed population will be
associated with an increased in mortality.
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