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ABSTRACT

The radioelement concentrations of uranium (¥U), thorium (¥2Th) and
potassium (“K), as their radionuclides eU, eTh and K, of Ciiniir Hill in
the city of Isparta (Turkey) and its surroundings were measured using
gamma-ray spectrometry with a Nal(T1) detector. The measurements were
performed over an area of 2 km X 8 km around Ciiniir Hill, which forms
part of the Isparta volcanic region that has a trachyandesitic composition,
and which included the limestone outcrops east of Ciiniir. The results are
mapped as combined radioelement concentrations. The radioelement
concentrations of eU, eTh and K measured for Ciiniir Hill are high because
of its trachyandesitic composition, while those measured in the limestone
area were low, as would be expected.

1. Introduction

Natural radioactivity has existed since the universe
began, and it has survived to date due to the long half-lives of
various radioactive element series. These elements are
mainly uranium (?*U), thorium (?*?Th), and potassium (*K).
Radiometric methods are one of the most powerful and
rapid methods to obtain information about the distributions
and concentrations of these radionuclides (eU, eTh, K) in any
specific areas. Moreover, using these methods, it is also
possible to carry out geological and geochemical mapping
[Durrance 1986, Aydin et al. 2006, Uyanik and Akkurt 2010].

The region around the city of Isparta (Turkey) is an
interesting area, where many different tectonic structures are
found. This region is rich in trachyandesitic rock and has
large limestone exposures [Gérmiis and Ozkul 1995, Kanbur
et al. 2008]. Several geological studies have been performed
on this region [Gutnic et al. 1979, Gérmiis and Ozkul 1995,
Yagmurlu et al. 1997, Kogyigit and Deveci 2007, Plateovet et
al. 2008, Kanbur et al. 2008]. However, no complete studies
for the regional radiometric data on this area are presently
available, although there has been a report of measurements
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of the natural background radiation [Akkurt 2004].

In the present pilot study, the concentrations of the eU
and eTh element series and K activities around the Ciiniir Hill
area of Isparta were measured using gamma-ray spectrometry
with a Nal(TT) scintillation detector. Annual effective outdoor
doses were also estimated.

2. Materials and methods

2.1. Geological setting

The field measurements were performed at 60 locations
on Cuiniir Hill and in the surrounding area near Isparta. The
city of Isparta is located between the latitudes of 37° 18" N
and 38° 30" N. The height of Ciiniir Hill reaches about 1,090
m, and its geological exposure consists mainly of volcanic
sand, limestone and alluvium [Goérmiis and Ozkul 1995,
Yagmurlu et al. 1997, Nemec and Kazanci 1999, Gormiis et
al. 2001, Francalanci et al. 2001].

This Isparta volcanic belongs to the post-collisional
alkali potassic-ultrapotassic magmatism that has been active
since the Miocene [Plateovet et al. 2008]. Figure 1 shows the
location of Isparta within Turkey, and also the geological
structure of Ciiniir Hill, near Isparta. The satellite view of
the locations where the measurements were performed in
the present study are shown in Figure 2.

2.2. Activity measurements

A portable GF Instruments (Isparta,Turkey) y-ray
spectrometer was used to measure the eU (ppm), eTh (ppm)
and K (%) elemental concentrations. The spectrometer
consisted of a Nal(TI) scintillation detector connected to a
512-channel pulse-height analyzer. The detector size was ca.
5 cm X 5 cm and it was enclosed in a single integral unit with
a photomultiplier tube, a high-voltage supply and a signal
preamplifier. The calibration of the detector was carried out
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EXPLANATIONS
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Figure 1. Geological map of Isparta [adapted from MTA 1997].
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Figure 2. Satellite view of the study area and measurement locations.
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Element Nuclide Half life S;ggn;a(i::\y/) Eni‘i::ion
214ph 26.8 min 295.2 19
281 351.2 38.9
214B{ 19.9 min 609.3 43.3
1764.7 17
208T] 3.05 min 583.2 185.77
22Th 2614.7 99.79
28A¢ 6.13 h 911.1 22.7
0K 1.3 X 10° yr 1460.8 10.7

Table 1. Natural radioactive elements analysed in this study.

Soil type Elemental concentration Dose rate AEDR
eU eTh K
(ppm) (ppm) (%) (nGy/h) (mSv/y)
Alluvium 10.3 25.8 1.94 148.2 0.18
Trachyandesite 11.2 39.3 2.31 191.9 0.23
Limestone 2.65 3.4 0.1 25.2 0.03

Table 2. Elemental concentrations, absorbed gamma dose rates and the an-
nual effective doses determined, according to the soil types in the study area.

using the '*"Cs isotopic source that is mounted inside the
probe. The natural radioactivity measurements were based
on recording the quantities of the three natural long-lived
elements: eU, eTh and K, based on their positioning at 1,760
keV, 2,610 keV and 1,461 keV respectively, in the energy
spectrum. Table 1 gives the gamma-ray energies and
emission rates for these nuclides [Baloguna et al. 2003]. Each
of the measurements was performed at ca. 50 cm above the
ground, for 5 min.
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Figure 3. Elemental concentrations for the three types of soil.

3. Results and discussions

In-situ measurements were performed to obtain the
mean elemental concentrations of eU, eTh and K for the
different soil types in the Ciiniir Hill region. Overall, the
results showed 13 ppm, 40 ppm and 2.4%, for eU, ¢Th and K,
respectively. These data are given in Table 2 and illustrated in
Figure 3, according to the alluvium deposits, and
trachyandesitic and limestone soil types. As can be seen from
Table 2 and Figure 3, the elemental concentrations vary
across the different soil and rock types. The highest mean
elemental concentrations were calculated from locations
where there are trachyandesite outcrops, and the lowest mean
concentrations were obtained from the limestone locations.

The overall absorbed gamma dose rates in air due to the
combined activities of these eU and eTh element series and K
were also measured, using a GF Instruments survey meter.
The data are shown in Table 2 according to the means within
each soil type, and in Figure 4 for all of the individual
locations, with the latter data ranging from 24.4 nGy/h to
218.4 nGy/h. For the trachyandesitic rock, the relative
contribution to the dose due to the eTh element series is the
greatest (73.5%), followed by the eU element series (21.9%)
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Figure 4. Absorbed dose rates across all of the sampling locations.
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Figure 5. Absorbed dose rate distribution for Ciiniir Hill and its surroundings.

and K (4.6%). For the alluvium, this is similar: eTh with the
greatest contribution for the gamma dose rate (71.7%),
followed by the eU element series (23%) and K (4.3%).
However, for the limestone, the relative contribution to the
dose rate due to the eTh element series is lower, at 59.1%.
The mapped combined gamma dose rate distribution
according to the sample locations for Ciiniir Hill and the
surrounding areas is shown in Figure 5. As can be seen from
Figure 5, the highest gamma dose rate is at location 8, which
is in the trachyandesite area, and the lowest is at location 47,
which is in the limestone field. The low values for these
combined gamma dose rates are seen especially to the north-
east of Ciiniir Hill, which again will be due to the large
occurrence of limestone in this area.

This study area also includes trachyandesitic rock that
forms the volcanic structure of Ciintir Hill. It can be seen
from Figure 4 and Figure 5 that the concentrations at the top
of the hill are lower than those at other locations around the
hill. This could be the result of the spreading of the
trachyandesitic structure out of the hill, due to gravitation
effects, and it might also due to meteorological effects on the
soil characteristics. This could also be the result of using
chemical materials on the cultivated land. The overall dose
rate results classified according to the soil types on and
around Ciiniir Hill are given in Table 2; as can also be seen
from Figure 6, the soil that contains trachyandesite has
higher dose rates than the other soil types.

The annual effective dose rate (AEDR) is an important
parameter for the evaluation of radiation hazards due to the
absorption from these dose rates. Using the conversion
coefficient from the absorbed dose in air to the effective dose
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(0.7 Sv/Gy) and 0.2 for the outdoor occupancy factor, which
indicates that on average, 20% of our time all around the
World is spent outdoors [UNSCEAR 2000], the AEDR was
obtained from the following formula [Cevik et al. 2007,
Turhan et al. 2008]:

AEDR (mSv/y) =
= D(nGy/h) X 8760 (h/y) X 0.2 X 0.7(Sv/Gy) X 10~¢

(1)

The AEDR values obtained range between 0.03 and 0.74
mSv/y across all of the sampling locations. These data were
combined according to the three soil types on and around
Ciiniir Hill, and these mean values are given in Table 2 and
illustrated in Figure 7. As can be seen, the values obtained
are under the recommended limits of 1 mSv/y. These annual
effective dose rates are also compared with the values
obtained for other locations in other studies, as illustrated in
Figure 8 [Orgun et al. 2005, Hafezi et al. 2005, Kilic and
Aykamis 2009, Bozkurt et al. 2007]; as can be seen, all of
these values are under the recommended limits.

5. Conclusion

It can be concluded from the present study that as well
this
radiometric method can be used for the mapping of
geological fields. This helps to illustrate sources of the rock
minerals in terms of the radioactivity revealed. On the other
hand all of the values obtained in this study remain under
the recommended values. To determine the radioactivity

as measurements of elemental concentrations,

levels of Isparta as a region in Turkey, this type of study can
be further enlarged from the Ciintir area.
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Figure 6. Absorbed dose rate classified according to soil type.
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Figure 7. Effective dose rate as a function of the soil types around Ciintir Hill.
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Figure 8. Effective dose rates for the trachyandesitic rock in the present study in comparison with other published measurements: Tehran, Iran [Hafezi
etal. 20057, the city of Isparta (present study), the town of Sivrihisar [Orgun et al. 2005], the province of Osmaniye [Kilic and Aykamis 2009], and the region
of Saliurfa [Bozkurt et al. 2007].
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