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Indoor radon concentration levels at three sites in Turkey were measured using CR-39
solid state nuclear track detectors. The annual mean of radon concentration was esti-
mated on the basis of four quarter measurements at specific locations in Turkey. The
measuring sites are on the active faults. The results of radon measurements are based
on 280 measurements indoors. The annual arithmetic means of radon concentrations
at three sites (Isparta, Egirdir, and Yalvac) were found to be 164 Bqm-3, 124 Bqm3,
and 112 Bqm-3, respectively, ranging from 78 Bqm=3 to 279 Bqm-3. The indoor radon
concentrations were investigated with respect to the ventilation conditions and the
age of buildings. The ventilation conditions were determined to be the main factor af-
fecting the indoor radon concentrations. The indoor radon concentrations in the new
buildings were higher than ones found in the old buildings.
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INTRODUCTION

Radon-222 is a radioactive gas derived from the
decay of Radium-226, which itself is a decay product
of Uranium-238. Public exposure to radon and its ra-
dioactive daughters, present in the environment, re-
sults in the largest contribution to the average effective
dose received by human beings. United Nations Sci-
entific Committee on the Effects of Atomic Radiation
(UNSCEAR) and the International Commission on
Radiological Protection reported that the radiation of
radon and its daughters is known to be one of the ma-
jor causes of lung cancer. Radon daughters can attach
to tiny dust particles in the indoor air. These particles
can easily be inhaled into the lungs and can adhere to
the lining of the lungs [1, 2].
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The radiation dose received by the human
population through the inhalation of radon and its
daughters is the highest indoors [3]. The regional
distribution of radon concentration in buildings is
primarily determined by the building materials, the
water sources, the domestic gas supplies and in par-
ticular by the soil and the geological structures be-
neath the building. Temperature and pressure dif-
ferences, wind velocity and humidity also effect the
indoor radon concentration. Therefore, the most
essential modifying factors are the type of building
constructions, the ventilation conditions, the heat-
ing and the cooling systems [4].

Many researchers from almost all around the
world have measured indoor radon concentration
at various locations [5-7]. It is well known that there
is a strong relation between radon and geophysical
events [8, 9]. In this study, we measured the indoor
Radon-222 levels in the dwellings of Isparta,
Egirdir, and Yalvac (fig. 1) in west Mediterranean
part of Turkey. These sites are on the active faults
(fig. 2). This study is the part of the series of studies
investigating the indoor radon concentrations in
Turkey buildings.

EXPERIMENT

All measurements were carried out using
CR-39 solid state nuclear track detectors. This
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Figure 1. The studied sites

technique is the most popular and reliable tech-
nique for integrated and long-term measurement
of the radon activity inside houses [10]. The detec-
tors were supplied by Pershore Mouldings Ltd., U.
K., in the form of large sheets. Those large sheets
were cut to 20.0 mm x 20.0 mm in size and placed
in a plastic container allowing radon to diffuse
within. The container was closed with a plastic cap
in order to avoid dust deposition on the detector
toils. A pair of containers was distributed to the se-
lected houses, one of which was placed in the living
room and the other in the bedroom where the fam-
ilies spent most of their time. The exposure time
was 90 days in each season. After exposure, for

making the tracks visible, the CR-39 chips were
immersed in 30% NaOH solution at 63 °C for 16
h [11]. Track densities were counted manually us-
ing an optical microscope. Calibration measure-
ment was done using a calibration chamber con-
taining a Radium-226 source, maintaining a
concentration of 3.2 kBqm™. The Radon-222
concentrations were determined by using a cali-
bration factor of 7.23 kBq-track-th™! and sub-
tracting the background track density from each
pit track density on the films. The data about char-
acteristics of the buildings such as age, the number
of floors, building construction, ventilation condi-
tions, etc., were collected through questionnaires.

RESULTS AND DISCUSSION

As mentioned above, indoor radon concen-
tration levels were measured in randomly selected
houses in the city of Isparta and the districts of
Egirdir and Yalvac. At those locations, the sea-
sonal variation of indoor radon concentrations
and variation of indoor radon concentrations
with number of stages and building constructions
were reported at the Fifth General Conference of
the Balkan Physical Union (BPU5) [12]. We de-
termined that the radon levels were generally
highest in the basements and in the first floor
rooms which were in contact with the soil and in
the west part of the buildings. The arithmetic
means, geometric means, and geometric standard
deviations of radon concentrations are shown in
tab. 1. The average radon concentration levels in
the city of Isparta are higher than those found in
Egirdir and in Yalvac.
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Figure 2. The seismic hazard zoning map of Turkey
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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

Resio | Numbe Arithmetic | Geometric | Geometric
r% o fllllousers mean mean standard
[Bgm-?] [Bgm-?] deviation
Isparta 25 164 160 1.56
Egirdir 25 124 122 1.76
Yalvac 20 112 109 1.63

Figure 3 gives a clearer picture of the variation
of indoor radon concentrations at each site. In 84%
of the houses in Isparta, the average radon concen-
trations varied from 100 to 200 Bqm~3. There were
three houses that had the indoor radon concentra-
tion levels higher than 200 Bqm™ and in only one
house the indoor radon concentration level was
higher than 250 Bqm™. In Egirdir, in 22 houses
(88%) average radon concentration levels were be-
tween 50 and 150 Bqm™. In three houses indoor
radon concentrations were higher than 150 Bqm~.
In Yalvac in all houses the average radon concentra-
tion levels were within the range of 50-150 Bqm™.
Such average radon concentration levels could be
attributed to the ventilation conditions, since the
dwellings in Isparta were poorly ventilated, while in
Egirdir and in Yalvac the dwellings had better venti-
lation conditions, as seen in fig. 4. Good ventilation
means that the windows were generally opened,
while bad ventilation means that the windows were
closed most of the time. Natural ventilation de-
creases radon levels by reducing pressure difference
between the indoor and the outdoor air; therefore,
ventilation is the key factor which affects the indoor
radon concentration.

The average radon concentrations were also
found to be building age dependent, as shown in
fig. 5. We determined that the indoor radon con-
centrations in the new buildings were higher than
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Figure 3. Variation of the frequency distributions of
indoor radon at each site
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Figure 4. Ventilation conditions in the dwellings

those found in the old buildings. Many of new
buildings use concrete as building material with
higher radionuclide contents than old buildings.
We can also see in fig. 5 that the average radon con-
centration in the bedrooms was found to be higher
than that in the living rooms. The annual arithmetic
mean of radon concentration was 124 Bqm= in the
living rooms, while the annual arithmetic mean of
radon concentration was 142 Bqm™ in the bed-
rooms at three sites. This may be due to poor venti-
lation of the bedrooms.

-
o]
o

@ELiving room

-
[=2]
o

BEBedroom

-
S
S o

Average radon concentrations [Bqm 2]
=)
o

5-15 15-25 25-35
Age of buildings

Figure 5. Variation of indoor radon concentrations
with the age of buildings

CONCLUSION

Radon measurements were performed in-
doors in the West Mediterranean part of Turkey by
using CR-39 solid state nuclear detectors. The an-
nual arithmetic means of radon concentrations at
three sites (Isparta, Egirdir and Yalvac) were found
to be 164 Bqm=, 124 Bqm~3, and 112 Bqm™3, re-
spectively. The average radon concentrations in the
city of Isparta are higher than those found in Egirdir
and in Yalvac. A positive correlation has been ob-
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tained between indoor radon concentrations and
ventilation conditions. The indoor radon concen-
trations in the new buildings were higher than those
tound in the old buildings. The average radon con-
centrations in the bedrooms were found to be
higher than those found in the living rooms. The av-
erage radon concentration in the living rooms was
124 Bqm~3, while the average radon concentration
in the bedrooms was 142 Bqm~.

From all experimental data measured at three
sites the arithmetic mean of indoor radon concen-
tration has been found to be 133 Bqm. This value
is above the average worldwide indoor radon con-
centration of 40 Bqm=[1]. None of the location ex-
ceeds the Turkish Atomic Energy Authority’s
(TAEK) intervention limit of 400 Bqm= [13].

The arithmetic mean of indoor radon concen-
trations at these sites are higher than in the other cities
in Turkey, such as 68 Bqm™ in Sanliurfa, 85 Bqm= in
Erzurum, 50 Bqm™ in Istanbul and 29 Bqm™ in
Antalya [14]. The studied sites are on the active faults;
therefore, indoor radon concentration was found to
be higher than in the other cities in Turkey. Radon em-
anation is known to be anomalously large on active
faults and to show temporal variations related to
changing atmospheric conditions and possibly nearby
Seismic activities.

REFERENCES

[1]  ***, Sources, Effects, and Risks of Ionizing Radia-
tion, United Nations Scientific Committee on the Ef-
fects of Atomic Radiation (UNSCEAR), United Na-
tions sales publication, No. E.00.IX.3, New York,
2000

[2] ***, Lung Cancer Risk from Indoor Exposures to
Radon Daughters, International Commission on
Radiological Protection, Pergamon Press, Oxford,
U. K., ICRP Publication, 17 (1987), p. 50

[3] Oikawa, S., Kanno, N., Sanada, T., Ohashi, N.,
Uesugi, M., Sato, K., Abukawa, J., Higuchi, H., A
Nationwide Survey of Outdoor Radon Concentra-

tion in Japan, J. Environ. Radioactivity, 65 (2003),
pp- 203-213

Khatibeh, A. J. H., Ahmad, N., Matiullah, Indoor
Radon Concentration Levels in Amman, Zarka
and Sault, J. Environ Radioactivity, 36 (1997), pp.
85-92

Leung, J. K. C., Tso, M. Y. W,, Ho, C. W,, Behavior
of 22Rn and Its Progeny in High-Rise Buildings,
Health Phys., 75 (1998), pp. 303-312

Kullab, M. K., Al-Bataina, B. A., Ismail, A. M,
Abumurad, K. M., Seasonal Variation of Ra-
don-222 Concentrations in Specific Locations in
Jordon, Radiat. Meas., 34 (2001), pp. 361-364
Espinosa, G., Gammage, R. B., A Representative
Survey of Indoor Radon in the Sixteen Regions in
Mexico City, Radiat. Prot. Dosim., 103 (2003), pp.
73-76

Zmazek, B., Todorovski, L., Dzeroski, S.,
Vaupoti¢, J., Kobal, I., Application of Decision
Trees to the Analysis of Soil Radon Data for Earth-
quake Prediction, Applied Radiation and Isotopes,
56 (2003), pp. 697-706

Moussa, M. M., El Arabi, A. G. M., Soil Radon
Survey for Tracing Active Fault: A Case Study
along Quena-Safaga Road, Eastern Desert, Egypt,
Radiat. Meas., 37 (2003), pp. 211-216

Urban, M., Piesch, E., Low-Level Environmental Ra-
don Dosimetry with a Passive Track Etch Detectors
Device, Radiat. Prot. Dosim., 1 (1981), pp. 97-109
Celebi, N., Ulug, A., Alpha Track Technique for
the Determination of Radon and Decay Products
in Air, Proceedings, 7" International Conference on
Nuclear Analytical Methods in the Life Sciences
(NAMLS’7), Antalya, Turkey, June 16-21, 2002,
pp- 108-109

Ulug, A., Karabulut Tuncay, M., Celebi, N., Indoor
Radon-222 Concentrations in Specific Locations
in Turkey, Proceedings on CD, Fifth General Con-
ference of the Balkan Physical Union (BPUS5),
Vrnjacka Banja, Serbia and Montenegro, August
25-29, 2003, pp. 1525-1528

*** Regulation for the Radiation Safety, No.
23999, Turkish Atomic Energy Authority
(TAEK), 2000

Koksal, E. M., Celebi, N., Ataksor, B., Ulug, A.,
Tasdelen, M., Kopuz, G., Akar, B., Karabulut
Tuncay, M., A Survey of ?*?Rn Concentrations in
Dwellings of Turkey, J. Radioanal. Nucl. Chem.,
259 (2004), pp. 213-216

Acnje YJIYT, Menek TYHKAJ KAPABYJIYT, Huaryn YEJTEBUN

MEPEIBE PATOHA KOPUIIREWBEM CR-39 TPATI' JETEKTOPA
HA OJAPEBEHHUM JIOKAIIMJAMA Y TYPCKOJ

KopunthemeM uBpeTux HykineapHux Tpar getekropa CR-39 n3mMepenu cy HUBOM KOHIICHTpaIyje
pajioHa y 3aTBOPEHMM IPOCTOpHUjamMa Ha TpH MecTa y TpycHoM nopapy4yjy Typcke. Ha ocHoBy udetupu
KBapTajHa IepUOfia OLEHEHE CYy CPENilbe FOAUIILE KOHIEHTPalldje PaOHa, 3aCHUBAHE HA PE3YNTaTUMA
280 mepema. Y TBpheHa je rogulliba apuTMEeTHUKa CpeiHa KOHI[eHTpanyje pagona 3a cnapty, Erupaup
uJansan on 164 qu_3, 124 qu_3 nll2 qu_3, pEecIEeKTUBHO, a 'y orcery 78-279 qun_3. Wcnurad je yTunaj
yc0Ba IPOBETPaBakkha U CTAPOCTH 3TPajia Ha KOHIEHTpal|jy pajloHa 1 IOTBPHEHO je fia je IPOBETPaBambe
[JIAaBHU YMHUMALL KOjU YTHYE HAa KOHLIEHTpaLH]jy pajiloHa y 3aTBOPEHUM ITPOCTOpHUjaMa, Kao U 1a je Y HOBUM

3rpafgaMa KOHIIEHTpPalija PajoHa BUIIIA HETO Y CTapUM.



