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ABSTRACT

The activity concentrations of *’K, ***Ra and ***Th from 23 locations of the
territory of Subotica were determined by gamma ray spectrometry. Based on
the results obtained the value of absorbed gamma dose rate in air was
calculated. Mean values of activity concentrations were found to be 277 Bq
kg for K, 18 Bq kg for ***Ra and 18 Bq kg’ for ***Th. The total
absorbed gamma dose rate varied between 20 and 44 nGy h™'. The mean
value 31 nGy h™' is lower than the world average value.

INTRODUCTION

Around 90 % of human radiation exposure arises from natural sources such
as cosmic radiations, exposure to radon gas, and terrestrial radiations. The
naturally occurring radionuclides present in soil include **K, ***Ra and ***Th
[1]. The knowledge of activity concentrations and distributions of the
radionuclides in soil are of interest since it provides useful information in
the monitoring of environment radioactivity.

The aim of this work to determine the activity concentrations of *°Ra, **Th
and *°K in soil samples collected across the city of Subotica, using gamma
ray spectrometry and use the results to calculate absorbed gamma dose rate
in air.

EXPERIMENTAL

Subotica is the most northern city in Republic of Serbia. It is located on
latitude 46°5'55" North and longitude 19°39'47" East. By cencus from 2002
it has 99,471 inhabitants and it is the second largest city in Autonomous
Province of Vojvodina and sixth in Republic of Serbia. Subotica with its
surroundings has continental climate and average annual temperature of
11.4°C. City is located in the Pannonian plane on 1,008 km? [2].

The samples of undisturbed soils (n=23) were collected from 23 locations of
Subotica during 2013-2014. From each location, 3-4 subsamples were
collected by template method [3], up to depth of 10 cm, and they were
mixed (put together) into one composite sample. Samples were dried at
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105°C to a constant weight and then homogenized. The homogenized
samples were placed in 0.5 L Marinelli beakers. The beakers were sealed
hermetically and kept a side for about a month to ensure equilibrium
between **°Ra and its daughters before being taken for gamma spectrometric
analysis.

The measurements were performed using HPGe gamma-ray spectrometer
ORTEC-AMETEK (49% relative efficiency and 1.85 keV FWHM for *Co
at 1.33 MeV, 8192 channels) shielded with 10 cm lead internally lined with
2 mm copper foil. The activity of each sample was measured for 60 000 s.
The activity of *°Ra was evaluated from the gamma ray of 609.3 keV of
21Bj peak and 351.9 keV of *'*Pb, while 911.2 and 969.1 keV gamma-ray
lines emitted by ***Ac and 238.6 keV emitted by *'*Pb was used to
determine ***Th. The activity of **K was determined using its 1460.8 keV
gamma-ray line. Gamma Vision 32 was used to process the spectra
obtained.

The external gamma dose rate in the air at 1 m above ground level was
calculated from the measured activity concentrations of *°Ra, ***Th and *’K
in soil assuming that other radionuclides, such as '*’Cs, *Sr and the **°U
series can be neglected as they contribute very little to the total dose from
environmental background [4]. The calculation were performed according to
the following equation:

D = 0.462Agr,+ 0.604A1,1+0.042Ax (1)

where Aga, Ath, and A are activity concentrations (Bq kg™') of **°Ra, ***Th
and K, respectively.

RESULTS AND DISCUSSION

Activity concentrations of **K, *Ra and ***Th in soil samples collected in
Subotica area are presented in Table 1.

It can be seen that activity concentrations of **K, *°Ra and ***Th ranged
from 160 to 390 Bq kg, from 12 to 29 Bq kg™ and from 13 to 23 Bq kg™,
respectively. Mean values of activity concentrations were found to be 277
Bq kg™ for K, 18 Bq kg™ for *°Raand 18 Bq kg **Th. These values are
lower than the averages in Serbia (*’K 607 Bg/kg, **°Ra 34 Bq/kg, >**Th 42
Bg/kg) because of the different geological structures [5], but are similar to
those obtained for Palic (*’K 310 Bq/kg, *°Ra 19.9 Bq/kg and ***Th 23.5
Bqg/kg) [6].

Activity concentrations of analyzed radionuclides in soil are lower than
those reported for neighboring Hungary (*’K (79-570) Bq/kg, *°Ra (14-76)
Bg/kg and **Th (12-45) Bq/kg) [7]. However, they are similar to the range
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of activity concentrations in soil of Csongrad, the city in Southeast Hungary
about (130 km far from Subotica) with similar geological substrate (*’K
(276-453) Bg/kg, *°Ra (14-44) Bg/kg, >*Th (14-35) Bg/kg) [8].

The values of total gamma dose rates varied between 20 and 44 nGy h™,
with the mean value 31 nGy h™' (52% lower than the world average value of
58 nGy h™") [9]. The contribution to the total absorbed gamma dose rate by
40K, 22°Ra and ***Th was 38%, 27% and 35%, respectively.

Table 1. Activity concentrations of *’K, **Ra and ***Th in soil samples
collected in Subotica (Bq kg™)

Location K *2Ra 22Th
Su-1 310+£20 1943 2043
Su-2 320420 18 £3 1943
Su-3 280420 18+2 18+3
Su-4 360430 20+4 212
Su-5 250+20 132 15+£2
Su-6 390+30 2243 2343
Su-7 300+£20 2143 2042
Su-8 270+£20 16+3 18+4
Su-9 200+£20 132 1943
Su-10 260+30 1743 16+3
Su-11 270+£20 19+4 17+3
Su-12 230430 2183 15+£2
Su-13 350430 2243 2344
Su-14 240420 1243 13+3
Su-15 280+30 162 19+4
Su-16 160+10 2943 1543
Su-17 350+£20 22+4 2244
Su-18 220+£20 1543 1443
Su-19 310+£30 20+4 2143
Su-20 300+30 18+4 20+4
Su-21 240+20 1443 15+£2
Su-22 200+30 1243 14+3
Su-23 290420 1843 20+4

CONCLUSION

The activity concentrations of natural radionuclides YK, #%Ra and **Th in
23 soil samples collected from the territory of Subotica were measured by
gamma ray spectrometry. Based on these concentrations, the value of
absorbed gamma dose rate in air was calculated. The obtained activity
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concentrations and total gamma dose rates are lower than the world average
values.

The results obtained in this study may be used for preliminary estimation of
population exposure due to natural radionuclides. Further investigation is
needed before definite conclusions on this issue are drawn.
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