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Terrestrial radioactivity is caused by the radioactive elements, located in various amounts in soil and rocks.
The concentration of radioactive elements varies with the geographical and geological structure of the region and
with the mineralogical composition of soil and rock. In this study, 40K activity concentrations in gravel samples,
collected from Konyaaltı Beach, were measured. The measurement was performed using gamma ray spectrometery
at gamma spectrometry laboratory of Süleyman Demirel University.
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1. Introduction

Natural radioactivity arising from natural sources is
the main contribution to the annual dose received by the
world’s population. This exposure is resulting from radi-
onuclides inherent in the Earth’s crust and from cosmic
rays. The terrestrial ubiquitous radionuclides belong to
the 238U and 232Th series and their decay products, as
well as to single decay radionuclides, particularly 40K.
Gamma radiation emitted from such naturally occur-
ring radionuclides in all ground formations represents the
main part of external exposure of human body [1]. The
knowledge of concentrations and distributions of the radi-
onuclides in the materials is of interest since it provides
useful information for the monitoring of environmental
radioactivity. Natural environmental radioactivity and
the associated external exposure due to gamma radia-
tion depend primarily on the geological and geographical
conditions, and appear at different levels in the soils of
each region in the world [2–4].

Of the three isotopes of naturally occurring potassium,
only 40K is unstable and has a half-life of 1.277× 109 ye-
ars. 0.0118% of the natural potassium forms the 40K
isotope. Because potassium is so abundant in the soil, it
causes a significant fraction of the natural gamma radia-
tion dose.

Konyaaltı beach in Antalya is the most preferred be-
ach by native and foreign tourists. People spend most
of their time in summer on this beach. Therefore, de-
termination of the level of natural radioactivity of the
beach is important for human health. In this study, 40K
activity concentrations of some gravel samples collected
from Konyaaltı Beach were measured. Konyaaltı Beach
in Antalya province, which attracts both the local people
and the tourists, is about 3 km west of Antalya and is
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Fig. 1. Location of Konyaaltı Beach in Antalya.

about 8 km long. This beach contains a mixture of sand
and gravel. Figure 1 shows Konyaaltı Beach.

2. Materials and methods

In this study, seven gravel samples have been collected
from Konyaaltı Beach. After collection of samples, they
were crushed and dried at 100 ◦C in an oven for about
24 h. The dried samples have been poured in cups, which
were then tightly sealed with a thick tape around their
necks, to limit any gas escape, and stored for four weeks
to achieve secular equilibrium between 238U and its pro-
geny [5].

The radioactivity concentration of 40K in gravel sam-
ples were determined using gamma ray spectrometer con-
sisting of a 3′′ × 3′′ NaI(Tl) detector, connected to a
multi-channel-analyser. The spectra were analyzed using
the MAESTRO32, obtained from ORTEC. The schema-
tic view of the experimental system is shown in Fig. 2.

Before measurements the system had to be calibrated.
This was carried out using 137Cs and 60Co radioactive
sources, which produce γ-rays with energy of 662, 1173
and 1332 keV, respectively. The γ-ray spectrum obtai-
ned from the mentioned source and the related fit are
displayed in Fig. 3.
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Fig. 2. Schematic view of gamma spectrometer and
electronic units.

Fig. 3. The γ-ray energy spectrum obtained from
137Cs and 60Co sources (upper) and related fit channel
versus energy (keV).

The measurement was based on recording natural radi-
oactivity quantities of three natural long-lived elements:
226Ra, 232Th and 40K, which produce the photo-peaks
at 1760, 2610 and 1461 keV respectively, in the natural
γ-ray spectrum [6].

The activities for the natural radionuclides were calcu-
lated using the following relation [7]

A(Bq/kg) =
N

εγtm
, (1)

where A is the activity of the radionuclide in Bq/kg, N is
the net peak area under the most prominent photo peaks,
calculated by subtracting the background spectrum from
the respective count rate, obtained for the same counting
time, ε is the detector efficiency for the specific gamma
ray, γ is the absolute transition probability of gamma
decay, t is the counting time (s) and m the mass of the
sample (kg).

3. Results and discussion

The 40K concentration of some gravel samples, col-
lected from seven different points of Konyaaltı Beach,
have been measured and the results are shown in Fig. 4.
It can be seen from this figure that the measured 40K
concentration has ranged from 421.12 to 3363 Bq/kg.

Fig. 4. The activity concentrations of 40K.

The results were compared with the worldwide average
concentration, which is 500 Bq/kg for 40K [8]. Measured
concentration of 40K for all samples is lower than this
average value. Table I compares the activity concentra-
tion of 40K, obtained in this study, with those reported in
literature and with the world average value. From the ta-
ble, the values obtained in this study compare favorably
with those from other countries.

TABLE I

Comparison of activity concentrations of 40K from diffe-
rent countries.

Location
Activity concentr. [Bq/kg]

References40K
India 349.6 [9]
China 396.4± 75.1 [10]
Iran 179.5− 464.5 [11]

Thailand 523 [12]
Penang, Malaysia 369± 17 [13]
Saudi Arabia Gulf 153.8 [14]

Oman 222.89− 535.07 [15]
Saudi Arabia 641.08 [16]

Turkey 350.42± 17.52 this work
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