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RA DON  MEA SURE MENTS  WITH  CR-39  TRACK  DE TEC TORS  AT
SPE CIFIC  LO CA TIONS  IN  TUR KEY
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In door ra don con cen tra tion lev els at three sites in Tur key were mea sured us ing CR-39 
solid state nu clear track de tec tors. The an nual mean of ra don con cen tra tion was es ti -
mated on the ba sis of four quar ter mea sure ments at spe cific lo ca tions in Tur key. The
mea sur ing sites are on the ac tive faults. The re sults of ra don mea sure ments are based
on 280 mea sure ments in doors. The an nual arith me tic means of ra don con cen tra tions
at three sites (Isparta, Egirdir, and Yalvac) were found to be 164 Bqm–3, 124 Bqm–3,
and 112 Bqm–3, re spec tively, rang ing from 78 Bqm–3 to 279 Bqm–3. The in door ra don
con cen tra tions were in ves ti gated with re spect to the ven ti la tion con di tions and the
age of build ings. The ven ti la tion con di tions were de ter mined to be the main fac tor af -
fect ing the in door ra don con cen tra tions. The in door ra don con cen tra tions in the new
build ings were higher than ones found in the old build ings.
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IN TRO DUC TION

Ra don-222 is a ra dio ac tive gas de rived from the
de cay of Ra dium-226, which it self is a de cay prod uct
of Ura nium-238. Pub lic ex po sure to ra don and its ra -
dio ac tive daugh ters, pres ent in the en vi ron ment, re -
sults in the larg est con tri bu tion to the av er age ef fec tive 
dose re ceived by hu man be ings. United Na tions Sci -
en tific Com mit tee on the Ef fects of Atomic Ra di a tion
(UNSCEAR) and the In ter na tional Com mis sion on
Ra dio log i cal Pro tec tion re ported that the ra di a tion of
ra don and its daugh ters is known to be one of the ma -
jor causes of lung can cer. Ra don daugh ters can at tach
to tiny dust par ti cles in the in door air. These par ti cles
can eas ily be in haled into the lungs and can ad here to
the lin ing of the lungs [1, 2].

The ra di a tion dose re ceived by the hu man
pop u la tion through the in ha la tion of ra don and its
daugh ters is the high est in doors [3]. The re gional
dis tri bu tion of ra don con cen tra tion in build ings is
pri mar ily de ter mined by the build ing ma te ri als, the
wa ter sources, the do mes tic gas sup plies and in par -
tic u lar by the soil and the geo log i cal struc tures be -
neath the build ing. Tem per a ture and pres sure dif -
fer ences, wind ve loc ity and hu mid ity also ef fect the
in door ra don con cen tra tion. There fore, the most
es sen tial mod i fy ing fac tors are the type of build ing
con struc tions, the ven ti la tion con di tions, the heat -
ing and the cool ing sys tems [4].

Many re search ers from al most all around the
world have mea sured in door ra don con cen tra tion
at var i ous lo ca tions [5-7]. It is well known that there 
is a strong re la tion be tween ra don and geo phys i cal
events [8, 9]. In this study, we mea sured the in door
Ra don-222 lev els in the dwell ings of Isparta,
Egirdir, and Yalvac (fig. 1) in west Med i ter ra nean
part of Tur key. These sites are on the ac tive faults
(fig. 2). This study is the part of the se ries of stud ies
in ves ti gat ing the in door ra don con cen tra tions in
Tur key build ings.

EX PER I MENT

All mea sure ments were car ried out us ing
CR-39 solid state nu clear track de tec tors. This
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tech nique is the most pop u lar and re li able tech -
nique for in te grated and long-term mea sure ment
of the ra don ac tiv ity in side houses [10]. The de tec -
tors were sup plied by Pershore Mould ings Ltd., U.
K., in the form of large sheets. Those large sheets
were cut to 20.0 mm ́   20.0 mm in size and placed
in a plas tic con tainer al low ing ra don to dif fuse
within. The con tainer was closed with a plas tic cap
in or der to avoid dust de po si tion on the de tec tor
foils. A pair of con tain ers was dis trib uted to the se -
lected houses, one of which was placed in the liv ing 
room and the other in the bed room where the fam -
i lies spent most of their time. The ex po sure time
was 90 days in each sea son. Af ter ex po sure, for

mak ing the tracks vis i ble, the CR-39 chips were
im mersed in 30% NaOH so lu tion at 63 °C for 16
h [11]. Track den si ties were counted man u ally us -
ing an op ti cal mi cro scope. Cal i bra tion mea sure -
ment was done us ing a cal i bra tion cham ber con -
tain ing a Ra dium-226  source,  main tain ing  a 
con cen tra tion of 3.2 kBqm–3. The Ra don-222 
con cen tra tions were de ter mined  by  us ing a  cal i -
bra tion  fac tor  of  7.23 kBq×track–1h–1 and sub -
tract ing the back ground track den sity from each
pit track den sity on the films. The data about char -
ac ter is tics of the build ings such as age, the num ber
of floors, build ing con struc tion, ven ti la tion con di -
tions, etc., were col lected through ques tion naires.

RE SULTS AND DIS CUS SION

As men tioned above, in door ra don con cen -
tra tion lev els were mea sured in ran domly se lected
houses in the city of Isparta and the dis tricts of
Egirdir and Yalvac. At those lo ca tions, the sea -
sonal vari a tion of in door ra don con cen tra tions
and vari a tion of in door ra don con cen tra tions
with num ber of stages and build ing con struc tions 
were re ported at the Fifth Gen eral Con fer ence of
the Bal kan Phys i cal Un ion (BPU5) [12]. We de -
ter mined that the ra don lev els were gen er ally
high est in the base ments and in the first floor
rooms which were in con tact with the soil and in
the west part of the build ings. The arith me tic
means, geo met ric means, and geo met ric stan dard
de vi a tions of ra don con cen tra tions are shown in
tab. 1. The av er age ra don con cen tra tion lev els in
the city of Isparta are higher than those found in
Egirdir and in Yalvac. 
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Fig ure 1. The stud ied sites

Fig ure 2. The seis mic haz ard zon ing map of Turkey



Fig ure 3 gives a clearer pic ture of the vari a tion
of in door ra don con cen tra tions at each site. In 84%
of the houses in Isparta, the av er age ra don con cen -
tra tions var ied from 100 to 200 Bqm–3. There were
three houses that had the in door ra don con cen tra -
tion lev els higher than 200 Bqm–3 and in only one
house the in door ra don con cen tra tion level was
higher than 250 Bqm–3. In Egirdir, in 22 houses
(88%) av er age ra don con cen tra tion lev els were be -
tween 50 and 150 Bqm–3. In three houses in door
ra don con cen tra tions were higher than 150 Bqm–3.
In Yalvac in all houses the av er age ra don con cen tra -
tion lev els were within the range of 50-150 Bqm–3.
Such av er age ra don con cen tra tion lev els could be
at trib uted to the ven ti la tion con di tions, since the
dwell ings in Isparta were poorly ven ti lated, while in 
Egirdir and in Yalvac the dwell ings had better ven ti -
la tion con di tions, as seen in fig. 4. Good ven ti la tion
means that the win dows were gen er ally opened,
while bad ven ti la tion means that the win dows were
closed most of the time. Nat u ral ven ti la tion de -
creases ra don lev els by re duc ing pres sure dif fer ence
be tween the in door and the out door air; there fore,
ven ti la tion is the key fac tor which af fects the in door
ra don con cen tra tion.

The av er age ra don con cen tra tions were also
found to be build ing age de pend ent, as shown in
fig. 5. We de ter mined that the in door ra don con -
cen tra tions in the new build ings were higher than

those found in the old build ings. Many of new
build ings use con crete as build ing ma te rial with
higher radionuclide con tents than old build ings.
We can also see in fig. 5 that the av er age ra don con -
cen tra tion in the bed rooms was found to be higher
than that in the liv ing rooms. The an nual arith me tic
mean of ra don con cen tra tion was 124 Bqm–3 in the
liv ing rooms, while the an nual arith me tic mean of
ra don con cen tra tion was 142 Bqm–3 in the bed -
rooms at three sites. This may be due to poor ven ti -
la tion of the bed rooms. 

CON CLU SION

Ra don mea sure ments were per formed in -
doors in the West Med i ter ra nean part of Tur key by
us ing CR-39 solid state nu clear de tec tors. The an -
nual arith me tic means of ra don con cen tra tions at
three sites (Isparta, Egirdir and Yalvac) were found
to be 164 Bqm–3, 124 Bqm–3, and 112 Bqm–3, re -
spec tively. The av er age ra don con cen tra tions in the
city of Isparta are higher than those found in Egirdir 
and in Yalvac. A pos i tive cor re la tion has been ob -
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Table 1. Measured arthmetic mean, geometric mean
and geometric standard deviation of indoor radon
concentration levels at three sites in Turkey

Regio
n

Number
of houses

Arithmetic
mean

[Bqm–3]

Geometric
mean

[Bqm–3]

Geometric
standard
deviation

Isparta 25 164 160 1.56

Egirdir 25 124 122 1.76

Yalvac 20 112 109 1.63

Fig ure 3. Vari a tion of the fre quency dis tri bu tions of
in door ra don at each site

Fig ure 5. Variation of in door ra don con cen tra tions
with the age of build ings

Fig ure 4. Ven ti la tion con di tions in the dwellings
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tained be tween in door ra don con cen tra tions and
ven ti la tion con di tions. The in door ra don con cen -
tra tions in the new build ings were higher than those 
found in the old build ings. The av er age ra don con -
cen tra tions in the bed rooms were found to be
higher than those found in the liv ing rooms. The av -
er age ra don con cen tra tion in the liv ing rooms was
124 Bqm–3, while the av er age ra don con cen tra tion
in the bed rooms was 142 Bqm–3.

From all ex per i men tal data mea sured at three
sites the arith me tic mean of in door ra don con cen -
tra tion has been found to be 133 Bqm–3. This value
is above the av er age world wide in door ra don con -
cen tra tion of 40 Bqm–3 [1]. None of the lo ca tion ex -
ceeds the Turk ish Atomic En ergy Au thor ity’s
(TAEK) in ter ven tion limit of 400 Bqm–3 [13].

The arith me tic mean of in door ra don con cen -
tra tions at these sites are higher than in the other cit ies
in Tur key, such as 68 Bqm–3 in Ôanliurfa, 85 Bqm–3 in
Erzurum, 50 Bqm–3 in Is tan bul and 29 Bqm–3 in
Antalya [14]. The stud ied sites are on the ac tive faults;
there fore, in door ra don con cen tra tion was found to
be higher than in the other cit ies in Tur key. Ra don em -
a na tion is known to be an oma lously large on ac tive
faults and to show tem po ral vari a tions re lated to
chang ing at mo spheric con di tions and pos si bly nearby 
seis mic ac tiv i ties.
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Asije ULUG, Melek TUNKAJ KARABULUT, Nilgun ^ELEBI

MEREWE  RADONA  KORI[]EWEM  CR-39  TRAG  DETEKTORA
NA  ODRE\ENIM  LOKACIJAMA  U  TURSKOJ

Kori{}ewem ~vrstih nuklearnih trag detektora CR-39 izmereni su nivoi koncentracije 
radona u zatvorenim prostorijama na tri mesta u trusnom podru~ju Turske. Na osnovu ~etiri
kvartalna perioda ocewene su sredwe godi{we koncentracije radona, zasnivane na rezultatima
280 merewa. Utvr|ena je godi{wa aritmeti~ka sredina koncentracije radona za Ispartu, Egirdir
i Jalvac od 164 Bqm–3, 124 Bqm–3 i 112 Bqm–3, respektivno, a u opsegu 78-279 Bqm–3. Ispitan je uticaj
uslova provetravawa i starosti zgrada na koncentraciju radona i potvr|eno je da je provetravawe
glavni ~inilac koji uti~e na koncentraciju radona u zatvorenim prostorijama, kao i da je u novim
zgradama koncentracija radona vi{a nego u starim.


