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Population doses from terrestrial gamma exposure in Serbia

Snezana Dragovi¢', Ljiljana Jankovi¢ Mandic¢2, Milan Momgilovi¢!, Antonije Onjia®

SUMMARY

Background: Terrestrial radiation emitted from naturally occurring radionuclides, such as “°K and radionuclides from the 238U
and 232Th series and their decay products represent the main external source of irradiation to the human body. The purpose
of this study was to provide a preliminary assessment of the doses from terrestrial exposure of population in Serbia and to
estimate a potential radiation hazard for population inhabiting investigated areas.

Methods: The gamma dose rates, external hazard indexes, and annual effective doses due to terrestrial naturally occurring radionuclides
(238U, 232Th and “OK) were calculated based on their activities in soil samples in Serbia as determined by gamma-ray spectrometry.

Results: The total absorbed gamma dose rate due to these radionuclides varied from 16.9 to 125 nGy h™', with a mean of 62.8
nGy h'. Assuming a 20% occupancy factor, the corresponding annual effective dose varied from 2.07 to 15.4x 105 Sv with
the mean value of 7.7x 10 Sy, i.e. annual effective dose was in range of the world wide average values.

Conclusion: According to the values of external hazard index obtained in this study (mean Hgy = 0.35), the radiation hazard

was insignificant for the population living in investigated areas.
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INTRODUCTION

There is a considerable need for radioecological characterization of soils in order to
evaluate radionuclide concentrations with respect to natural background levels, to
estimate the potential health impact to man and to reveal their spatial distribution.
This characterization is also needed for implementation of precautionary measures
whenever the dose is found to be above the recommended limits. Besides exposure
from cosmic rays which is about 30 nGy h™ at sea level everywhere in the world,
primordial radionuclides 38U, 252Th and “%K give a major contribution to the total
dose from natural sources (1). Their specific levels are related to geological com-
position of the site. Magmatic rocks of granitic composition are strongly enriched in
thorium (Th) and uranium (U) (15 ppm of Th and 5 ppm of U), compared to rocks
of basalic or uftramafic composition (less than 1 ppm of U) (2).

Several studies of natural radioactivity were done in Serbia; some of them were
confined only to Serbian northern province of Vojvodina (3,4). In last few years
investigations on natural radioactivity levels in surface soils all over the teritory
of Serbia were performed (5,6). The area with mineralized uranium on the moun-
tain Stara planina (Serbia) has currently been investigated to assess the radiologi-
cal hazard for the population inhabiting this area (7). An estimation of gamma
exposure due to terrestrial radionuclides based on radioactivity measurements of
surface soils in different regions of Serbia is presented in this paper.

MATERIALS AND METHODS

Soil samples were collected from 37 regions in Serbia in 2003-2006. Samples
were crushed, dried to constant weight, sieved and placed in Marinelli bea-
kers, which were sealed hermetically and kept aside for about one month to
ensure equilibrium between 228Ra and its decay products prior to radioactivity
measurements. The activities of 228U, 2%2Th and 40K were determined using a
HPGe gamma-ray spectrometer ORTEC-AMETEK with 34% relative efficiency
and 1.65 keV FWHM for 69Co at 1.33 MeV. A typical gamma-ray spectrum
recorded after 60 ks of measurement is shown in Figure 1.

The radiological hazard due to terrestrial radionuclides was estimated using
external gamma dose rate, external hazard index and annual effective dose.

Figure 1. A typical gamma-ray spectrum of the soil sample

The external gamma dose rate in the air at 1 m above ground level was calcu-
lated from measured specific activities according to the following equation (1):
D = 0.462A, + 0.604A;, + 0.042A, (1)
where D s the dose rate in nGy h" and A, Ay, and A, are the specific activi-
ties (Bq kg™") of 238U, Z82Th and “0K, respectively.

From measured activities of terrestrial radionuclides the external hazard index,
Hey, Was calculated (8):
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where A, Ay, and A, are the specific activities (Bq kg') of 28U, 22Th and
40K, respectively. The value of this index must be less than unity to keep the
radiation hazard insignificant. The estimated absorbed dose rate was also
converted into annual effective dose (1):

Annual effective dose (Sv) = D x 0.7 x 24 x 365 x 0.2 )
where 0.7 is the quotient of absorbed dose rate in air to annual effective dose
received by adults (Sv/Gy) for environmental exposures to gamma rays and
0.2 is the outdoor occupancy factor.
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RESULTS

The gamma dose rates in the air at 1 m above ground level due to 38U, 22Th
and “K (Table 1) varied from 4.90 to 36.6 nGy h-' for 238, from 5.76 to
50.9 nGy h for 2%2Th and from 4.58 to 37.8 nGy hr' for “°K. The calculated
total gamma dose rate due to primordial radionuclides varied between 16.9
and 125 nGy h'' (mean: 62.8 nGy h*'). Descriptive statistics for gamma dose
rates, external hazard index and annual effective dose are given in Table 2.

Table 1. Gamma dose rates of 238U, %82Th and “°K in different regions of Serhia

@

Annual
Region my 2T 0K Total Hey oo

(10 Sv)
1 Arandelovac 212 294 272 778 045 954
2 Beograd ~ 19.6 262 238 69.6 040 854
3 Avala 144 245 288 677 038 830
4 Belanica 152 287 219 658 038 807
5 Bukulja 174 269 274 717 041 879
6 Cacak 272 368 330 97.0 056 119
7 fnﬁ?n'évac 200 297 27.3 770 044 944
8 Indija 504 725 156 27.9 015 342
9 Jastrebac 36.6 509 37.8 125 0.73 15.4
10 Kopaonk 105 217 244 566 032  6.94
11 Kosmaj 154 266 299 718 041 881
12 Kragujevac  16.8 25.0 29.0 70.8 0.40 8.68
13 Kraljevo 194 254 197 644 037  7.90
14 Krusevac 212 237 347 795 045 975
15 Kukavica 142 27.0 317 729 041 894
16 Loznica 1.7 226 231 574 033 7.4
17 Markovac 170 17.0 289 629 035  7.71
18 Nis 184 285 247 716 041 879
19 NoviSad 887 125 120 334 019  4.09
20 Pancevo 647 936 141 299 017 367
21 Paratin 120 325 369 814 046  10.0
22 Pozega 564 858 101 243 014  2.98
23 Ralia 183 169 181 533 030  6.54
24 Sabac 127 158 108 393 023 481
25 Slankamen 149 237 265 65.1 0.37 8.00
26 Sombor 116 155 17.2 443 025 543
27 Staraplanina 13.2 19.9 252 584 0.23 7.16
28 Subotica 134 161 17.4 469 027 575
29 Topola 196 248 320 764 043 937
30 Surduca 172 287 273 732 042  8.98
31 Uice 490 576 626 169 010  2.07
32 Valjgvo 297 376 303 97.6 056 119
33 Vrane 233 328 258 819 047 100
34 g;’y;éka 158 212 268 638 036  7.82
35 Vrsac 137 201 324 662 037 811
36 :)’lr:;f]ze 137 203 320 660 037 809
37 Zlatibor 591 809 458 186 011  2.28
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Table 2. Descriptive statistics of gamma dose rates of 25U, 22Th and “0K for ana-
lyzed soil samples, external hazard index and annual effective dose due to these
radionuclides
Gamma dose rate (nGy h') Annual
Parameter Hex effective
238” 232Th 4UK To‘al dose (1 0_5 sv)
Range 317 451 332 108 0.63 13.3
Mean 157 229 242 628 0.35 7.70
Standard
deviation 6.74 936 840 227 0.13 2.78
Minimum 490 576 4.58 169 0.10 2.07
Maximum  36.6 509 37.8 125 0.73 15.4
Median 152 237 265 66.0 0.37 8.09
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Figure 2. Bar diagram showing the values of external hazard index in different
regions of Serhia
Table 3. Summary of gamma dose rates, external hazard indexes and annual effec-
tive doses derived from reported values of specific activities in soil samples from
European-wide investigations
Gamma dose Annual effective
Country rate (nGy h-) Hex dose (10 Sv)
Albania (1)” 40 0.23 494
Belgium (10) 43 0.25 5.27
Bulgaria (11) 70 0.32 8.58
Croatia (1) 99 0.57 12.1
Cyprus (12) 8.7 0.06 1.07
Denmark (13) 52 0.21 6.38
Greece (1) 56 0.22 6.87
Hungary (14) 61 0.27 7.48
Ireland (15) 47 0.27 5.83
Lithuania (1) 48 0.26 5.85
Luxembourg (1) 49 0.42 6.01
Norway (16) 73 0.49 8.95
Poland (17) 45 0.24 5.52
Portugal (18) 84 0.49 10.3
Romania (19) 59 0.34 7.24
Russian
Federation (1) 49 028 5.98
Slovakia (1) 60 0.34 7.31
Spain (20) 76 0.31 9.32
Switzerland (1) 45 0.28 5.52
* Reference numbers are given in brackets
79
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The outdoor annual effective dose in investigated regions ranged from 2.07 to
15.4 x 10 Sv. The mean annual effective dose was 7.70 x 105 Sv which is
close to the world average (7 x 10 Sv).

The Hgy values for investigated regions varied from 0.10 to 0.73, pointed
out insignificant radiation hazard. Bar diagram showing the values of external
hazard index in different regions of Serbia is shown in Figure 2.

In Table 3, a summary of results on gamma dose rate, external hazard indexes
and annual effective doses derived from similar investigations conducted
in Europe is presented. Values of these radiological parameters fall within
the range of values reported for neighboring countries as well as for other
European countries.

DISCUSSION

The contribution of each radionuclide to the total gamma dose rate varied with
sampling location and reflected the geographical origin of the analyzed soils.
Terrestrial radioactivity and the associated external exposure due to gamma
radiation depend primarily on the geological composition and geographic
conditions, and appear at different levels in the soils of each region in the
world (1). The specific levels of terrestrial environmental radiation are related
to the composition of each lithologically separated area, and to the content
of the rock from which the soils originate. Geologically, the territory of Serbia
includes a variety of rock complexes (magmatic, sedimentary and metamor-
phic rocks) which are markedly different with respect to age, genesis, mineral
content, and petrochemical characteristics (9). The differences in natural
radioactivity of soils arise from this complexity. The highest gamma dose
rates were found in soil samples that stem from magmatic rock complexes
which belong to the category of silica oversaturated usually associated with
high U and Th concentrations (Jastrebac). High gamma dose rates are also
found in regions belonging to sedimentary formations (Cacak, Valjevo). The
results reported for Stara planina were obtained based on investigations of
north-west side of the mountain. Higher gamma dose rates are expected to
be found in the vicinity of abandoned uranium mine Kalna.

The values of external hazard index obtained in this study, regardless of the
location and soil composition, did not exceed the safety limits, pointing out
to the insignificant radiation hazard arising from terrestrial naturally occurring
radionuclides.

The results of this study are useful as a data baseline for preparing a radiological
map of the studied area as well as for enrichment of the world's data bank. Before
more definite conclusions of hazards of population exposure to natural radionu-
clides are drawn, an extended and more systematic survey of the area is needed.

Acknowledgements
This work was supported by the Ministry of Science of the Republic of Serbia
(Contract No. 142039).

Contlict of interest
We declare no conflicts of interest.

REFERENCES

1 United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR).
Sources and Effects of lonizing Radiation, Report to General Assembly, with
Scientific Annexes. New York: United Nations; 2000.

2 Faure G. Principles of Isotope Geology. 2" ed. John Wiley & Sons;1986.

3 Bikit I, Veskovié M, Slivka J, Krmar M, Conki¢ Lj, Curci¢ S. The radioactivity of
Vojvodina agricultural soil. Arch Oncol. 2001;9:261-2.

4 Bikit |, Slivka J, Conkié Lj, Krmar M, Veskovi¢ M, Zikic-Todorovi¢ N, et al.
Radioactivity of the soil in Vojvodina (northern province of Serbia and Montenegro).
J Environ Radioact. 2004;78:11-9.

5 Dragovic S, Jankovic Lj, Onjia A. Assessment of gamma dose rates from terrestrial
exposure in Serbia and Montenegro. Radiat Prot Dosim. 2006;121:297-302.

6 Dragovi¢ S, Jankovic Lj, Onjia A, Baci¢ G. Distribution of primordial radionuclides
in surface soils from Serbia and Montenegro. Radiat Meas. 2006;41:611-6.

7 Moméilovic M, Dragovi¢ S. Radioactivity of soils from north-west side of Stara
planina Mountain. In: Proceedings XXIV Symposium of the Radiation Protection
Society of Serbia and Montenegro, Belgrade, 2007 (in Serbian). 2007:29-32.

8 Beretka J, Mathew PJ. Natural radioactivity of Australian building materials, indus-
trial wastes and byproducts. Health Phys. 1985;48:87-95.

9 Dimitrijevic M. Geology of Yugoslavia. Belgrade: Geoinstitute; 1995 (in Serbian).

10 Deworm JP Slegers W, Gillard J, Flemal JM, Culst JP Survey of the natural radiation
of the Belgian territory as determined with different methods. Radiat Prot Dosim.
1988;24:347-51.

11 Vasilev G. Exposure of the Bulgarian population to ionizing radiation. Analysis,
retrospections, predictions 1950-2000. Sofia: Committee on the Use of Atomic
Energy for Peaceful Purposes; 1994.

12 Tzortzis M, Svoukis E, Tsertos H. A comprehensive study of natural gamma radio-
activity levels and associated dose rates from surface soils in Cyprus. Radiat Prot
Dosim. 2004;109:217-24.

13 Statens Institut for Stralenhygiejne. Natural radiation in Danish homes. Risg; 1987.

14 Niki 1. The radon concentration and adsorbed dose rate in Hungarian dwellings.
Radiat Prot Dosim. 1996;24:387-9.

15 McAulay IR, Moran D. Natural radioactivity in soil in the Republic of Ireland. Radiat
Prot Dosim. 1988;24:47-49.

16 Strand T. Doses to the Norwegian Population from Naturally Occuring Radiation and
from Chernobyl fallout (dissertation). Oslo, Norway: University of Norway; 1987.

17 Mamont-Ciesla K, Jagielak J, Rosiéski SzW. Indoor radon concentration in Poland.
In: Proceedings of Symposium on Radiation Protection in Neighbouring Countries
in Central Europe - 1995, IRPA Regional Congress, Portoroz, Slovenia, 1995.

18 Amaral EM, Alves JG, Carreiro JV. Doses to the Portuguese population due to
natural gamma radiation. Radiat Prot Dosim. 1992;45:541-3.

19 lacob 0. Exposure from natural radiation sources in Romania. J Prev Med.
1996;4:73-82.

20 Quindos LS, Fernandez PL, Rodenas C, Soto J. Estimate of external gamma expo-
sure outdoors in Spain. Radiat Prot Dosim. 1992;45:527-9.

www.onk.ns.ac.yu/Archive Vol 15, no 3-4, December 2007





