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INTRODUCTION  

Depleted uranium (DU) came into military use in the early seventies 

of the 20
th

 century and was used for the first time in the Gulf War in 1991 

[1,2]. Quantitative determination of the DU fraction in environmental 

samples is difficult, primarily because of the relatively large content of 

natural uranium present in the environment with typical activity values in 

the range from 10 to 30 Bq/kg for 
238

U. The detection of eventual DU 

contamination by gamma spectrometry is mainly based on the determination 

of the 
235

U/
238

U ratio. The natural 
235

U/
238

U activity ratio is 0.046. Only if 

this ratio is lower than the given value it can be said that there is a presence 

of depleted uranium [3].   

During NATO air strikes in 1999, NATO forces used ammunition 

containing depleted uranium in the attack on the Federal Republic of 

Yugoslavia. The focus of operation was in Kosovo and Metohija and 

southern Serbia. According to data provided by NATO at 91 locations DU 

was used. NATO and Military of Serbia (VS) data largely disagree, but the 

use of DU was confirmed at 4 locations in southern Serbia: Pljačkovica, 

Borovac, Bratoselce and Reljan (Figure 1).  

Institute Vinča (Radiation and Environmental Protection Department) 

has analysed the soil samples collected from different locations in southern 

Serbia, in order to determine activity concentrations of radionuclides in soil 

samples and to establish eventually the presence of depleted uranium.    

The aim of this study was to determine content of radionuclides in soil 

samples from southern Serbia, sampled five years after cleaning action of 

DU and to determine whether these locations are safe for the people who 

live there. The measurements were made within the monitoring of Serbia.   
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Figure 1. Information on locations in southern Serbia which are targeted 

depleted uranium 
 

MATERIAL AND METHOD 

Soil samples were collected in July 2011 at 4 locations in southern 

Serbia. After removing the stones and vegetation, all soil samples were 

dried up to 105
 o

C, sieved, placed in the plastic 500 mL Marinelli beakers 

and left for four weeks to reach radioactive equilibrium [4].  

Gamma spectrometric measurements were performed using a HPGe 

Canberra detector with a counting efficiency of 20 %. The counting time 

interval was 60 000 s. The activity of 
226

Ra and 
232

Th was determined via 

their decay products: 
214

Bi (609 keV, 1120 keV and also 1764 keV), 
214

Pb 

(295 keV and 352 keV) and 
228

Ac (338 keV and 911 keV), respectively. 
235

U was determined via 186 keV corrected for 
226

Ra. 
238

U was determined 

via 
234

Th (63 keV) or by 
234

Pa (t1/2 = 1.17 min, 1000 keV). The activities of 
40

K and 
137

Cs were determined from its 1460 keV and 661 keV γ−energy, 

respectively.   
 

RESULTS AND DISCUSSION 

The results of measurements of gamma emitters in soil samples 

collected at different locations in southern Serbia are presented in Table 1. 

All samples were collected at 5 measuring points for each location (east, 
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west, north, south and centre). This paper presents the results of the mean 

activity concentration for gamma emitters. The activity concentrations of 

the radionuclides in Bq/kg ranged between 16 − 102 for 
226

Ra, 21 − 90 for 
232

Th, 184 − 979 for 
40

K, 2.9 − 19 for 
137

Cs, 1.1 − 7.4 for 
235

U and from 21 

to 125 for 
238

U. Table 1 also presents a comparison with literature. 

The man-made radioisotope 
137

Cs was identified in all samples and 

these values are in good agreement with the values obtained in neighbouring 

countries [3,5,6]. Radioisotope 
137

Cs originates from nuclear weapons test 

fall-out and after 1986, mostly from the accident of the nuclear power plant 

ʺLeninʺ in Chernobyl.  

As can be seen from Table 1, the highest concentrations of 
226

Ra, 
40

K, 
137

Cs, 
235

U and 
238

U were obtained for Bratoselce, and the lowest activity 

concentrations were obtained for Borovac. The results are shown with 

standard deviation. Based on the activity ratio of 
235

U/
238

U, we can conclude 

that this is natural activity ratio and there is no presence of depleted 

uranium. 

 

Table 1. Activity concentrations of radionuclides in soil samples in  

southern Serbia and comparison with literature (Bq/kg).    

Location 
226

Ra 
232

Th 
40

K 
137

Cs 
235

U 
238

U 235
U/

238
U 

Pljačkovica 27±17 32±17 498±138 14.4±8.2 2.2±1.2 33±20 0.067 

Borovac 16±6 21±17 184±47 2.9±2.2 1.1±0.6 21±5  0.052 

Bratoselce 102±28 58±16 979±133 19±12 7.4±3.0 95±40 0.059 

Reljan 35±6 90±11 941±64 4.6±3.0 2.9±1.0 49±15 0.059 

Average 45 50.3 650.5 10.2 3.4 57 / 

Comparison with literature 

Republic of 

Srpska [3]
 47 41 536 26 3.4 6.4 / 

Vojvodina [5]
 40 53 554 12 / 51 / 

Croatia [6]
 74 62 650 39 5.4 110 / 

World [7]
 35 30 400 / / 35 / 

 

Based on the obtained concentrations of 
226

Ra, 
232

Th and 
40

K, radium 

equivalent activity (Raeq), gamma dose rate (Ḋ) and external hazard index 
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(Hex) were calculated [7−9] and presented in Table 2. As it can be seen from 

Table 2, the radium equivalent activity values for the soil samples varied 

from 60 to 260 Bq/kg. These values are less than 370 Bq/kg, get in the 

OECD report [10]. The mean absorbed gamma dose in air was calculated as 

78 nGy/h and it is insignificantly higher than the world average of 57 nGy/h 

[7]. The calculated values of external hazard index obtained of this study 

range from 0.16 to 0.70. Since these values are lower than unity, we can say 

that the radiation hazard is low.   

 

Table 2. Radium equivalent activity (Raeq), gamma dose rate (Ḋ) and 

external hazard index (Hex) at different locations in southern Serbia.   

Location 
Raeq 

(Bq/kg) 
Ḋ  

(nGy/h) 
Hex 

Pljačkovica 111.1 52.7 0.30 

Borovac 60.2 27.8 0.16 

Bratoselce  260.3 123.3 0.70 

Reljan 236.2 110.1 0.64 

Average 167       78 0.45 

 

 

CONCLUSION 

Soil samples collected at 4 different locations in southern Serbia, after 

decontamination were analyzed for radioactivity due to 
226

Ra, 
232

Th, 
40

K, 
137

Cs, 
235

U and 
238

U isotopes. The results of gamma spectrometric 

measurements in 2011 showed that the radioactivity levels in samples to be 

in the range of those published for neighbouring countries [3,5,6]. The 

measured activity concentrations of soil samples collected in southern 

Serbia are similar to the world average values.  

Since the 
235

U/
238

U is at the natural environmental level, we can 

conclude that in the measured samples there is no indication of DU 

presence, after decontamination at these locations.  

All values obtained for radium equivalent activity are less than 370 

Bq/kg. The obtained average value of gamma dose rate (78 nGy/h) is higher 

than the world average (57 nGy/h). The calculated values of external hazard 

index are lower than unity, which means that the radiation hazard is 

insignificant for the population of the investigated area. Measurements of 
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radioactivity in environmental samples at these locations in southern Serbia 

should be continued in the future.   
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In the attack on the Federal Republic of Yugoslavia (the focus effect 

was of Kosovo and Metohija and southern Serbia) in 1999, NATO forces 

used ammunition containing depleted uranium.   

Cleaning action of depleted uranium was performed by Radiation and 

Environmental Protection Department of the Vinča Institute of Nuclear 

Science, during 2002−2007 at locations: Pljačkovica, Bratoselce, Borovac 

and Reljan. At all locations underwent detailed dosimetric screening and 

decontamination was performed. Because of the loose soil, DU projectils 

were found to a depth of 1 m. Found missiles, contaminated soil and 

radioactive material has been collected and stored on radioactive waste. 

After cleaning the ground is leveled and another dosimetric prospecting was 

performed. 

Monitoring of radioactivity in southern Serbia included determination 

of gamma emitters as well as determination of gross alpha and beta 

activities in soil, water and plant. Sampling was carried out at Pljačkovica, 

Borovac, Bratoselce and Reljan in July 2011.  

This paper presents only the results of measurement of gamma 

emitters in soil samples and showed the presence of natural radionuclides: 
226

Ra, 
232

Th, 
40

K, 
235

U, 
238

U and the produced radionuclide 
137

Cs (from the 

Chernobyl accident). Also, the ratio between the 
235

U and 
238

U is given. In 

order to evaluate the radiological hazard of the natural radioactivity, the 

radium equivalent activity, the gamma-absorbed dose rate and the external 

hazard index have been calculated.  
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