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INTRODUCTION 

The territory of Eastern Serbia is well-known by a number of natural 

occurrences and deposits of nuclear mineral ores with higher uranium 

content. Stara Planina Mountain represents a significant area, with variety of 

mineral paragenesis formed, both of endogenetic or atmospheric/surface 

origin. Particular points of interests are hercinyan orogeny ore deposits, 

such as uranium, gold, silver and bismuth deposits [1]. Exploitation of the 

uranium in this region started in the late fifties of the twentieth century, but 

after the year 1996, all of the mines were closed. Two closed mines, 

"Mezdreja" and "Gabrovnica" exist within the study area together with 

number of exploratory galleries on the "Srneći Do" and "Aldina reka" 

locations [1-2]. 

The investigations of radioactivity content of the samples collected 

around abandoned mine "Grabovnica" are carried out in order to determine 

the present state of the environment in this area. This paper presents results 

obtained by measuring the activity concentration of soil and water samples 

by gamma spectrometry and also indoor 
222

Rn activity concentrations in 

houses in the nearby village Kalna. The mine was never officially 

decommissioned. The results obtained might be useful for the future 

decommissioning procedure. 

 

MATERIAL AND METHODS 

Soil samples were collected together with some stones and moss on a 

couple of locations on the vicinity of former Uranium Mine in October 

2012. Radon activity concentration in air inside houses in nearby village 

Kalna were also measured using charcoal canisters exposure for 48 hours. 
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The activity of radionuclides in all collected samples was determined 

using HPGe detector, by standard gamma spectroscopy methodology. The 

homogenized samples were dried at 105 ºC to constant mass. After that, all 

mechanical contaminants, mainly small rocks and pieces of plant material 

were removed. Dried samples were mechanically fragmented and 

homogenized to a fine powder. Prepared samples were packed in cylindrical 

measurement vessels-sample holders, 62 mm in height and 67 mm in 

diameter. Typical sample mass was between 200 g and 300 g [3]. The 

duration of measurement was 70,000 s. Gamma spectrometry measurements 

were performed with high resolution HPGe gamma spectrometer produced 

by CANBERRA. This detector has a nominal relative efficiency of 36 % 

and a resolution of 1.79 keV. The detector was operated inside the 12 cm 

thick lead shield with a 3 mm Cu inner layer [3]. 

Charcoal canisters represent the simplest device for measuring radon 

concentration in air. Accuracy is fair (around 20%) and is greatly affected 

by humidity and air movement. Detailed explanation of this method is given 

in the references [4-5]. The charcoal canisters were exposed in eight houses 

in the village Kalna. Activity concentrations of 
222

Rn in them were 

determined using HPGe detector, which is mentioned above. The 

calculation is made according to the EPA standard operating procedures [6].  

 

RESULTS 

Geographical map of sampling location is presented on Figure 1. 

Figure 2 represents geological map of this area. The obtained gamma-

spectroscopy results are presented in the Table 1. 

 

 
Figure 1. Geographical location of Stara Planina [2] 
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Figure 2. Geological map of Stara Planina in the Serbian territory [2] 

 
Table 1. Activity concentrations of radionuclides in samples from 
surrounding area of former uranium mine "Grabovnica" 

Location 
Activity concentration [Bq·kg-1] 

Hex 238U 226Ra 232Th 40K 137Cs 

1. stone – entrance to 
the mine shaft 

134±8 2290±270 111±9 1080±40 <4 6.8 

2. soil – entrance to the 
mine shaft 

131±6 51.6±1.4 136.2±2.3 1110±30 1.0±0.3 0.9 

3. soil – in front of the 
entrance 

249±11 1308±100 69±4 960±30 15.3±0.8 4.0 

4. soil – in front further 279±16 3030±160 78±3 1260±80 42.1±2.3 8.8 

5. soil – in front of the 
nearby house 

120±7 46±4 118±8 1030±40 53.4±2.1 0.8 

6. stone 112±6 40.1±1.3 114±4 1220±30 <1.7 0.8 

7. moss – entrance 92±8 51±19 144±15 520±40 13.7±2.2 0.8 

8. road to the mine shaft 123±8 114±5 66.3±1.9 790±30 60.1±2.6 0.7 

9. rubbish mining 1 262±11 390±9 137±7 1300±40 6.5±0.6 1.9 

10. rubbish mining 2 273±11 495±13 109.2±2.5 1070±30 7.0±0.6 2.0 

11. stone – rubbish 
mining 

231±10 230±5 132±5 1510±40 <2.5 1.4 

12. moss – rubbish 
mining 

442±18 880±50 170±4 1290±50 74.0±2.2 3.3 

13. rubbish mining – 
river  

44.6±2.9 28.6±2.0 32.9±2.1 616±20 2.5±0.6 0.3 

14. soil – around well 207±9 63±5 160±8 1280±40 29.2±1.5 1.1 
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The external hazard index is given in the last column in Table 1 

calculated according to the equation (1) from the reference [7]: 

    
   

   
 

   

   
 

  

    
        (1) 

where    ,     and    are the activity concentrations of 
226

Ra, 
232

Th and 
40

K [Bq·kg
-1

]. The value of external hazard index should be less than one in 

order to have insignificant radiation hazard on the examined area.  

Table 2 presents obtained results of 
222

Rn activity concentration in the 

air in houses in the nearby village Kalna. 

 

Table 2. Activity concentrations of 
222

Rn in houses using charcoal canisters. 

Location ID 
Activity concentration of 

222
Rn, A  

[Bq m
-3

] 

House 1 – ground floor 107 ± 6 

House 2 – basement  50 ± 4 

House 3 – ground floor (old building)  49 ± 5 

House 4 – ground floor (new building)  33 ± 3 

House 5 – ground floor  93 ± 6 

Building 6 –working area – ground floor  903 ± 14 

Building 6 – working area – basement 231 ± 9 

House 7 – basement 120 ± 6 

House 8 – ground floor 114 ± 7 

House 8 – basement 137 ± 6 

 

 

CONCLUSION 

Most of the examined samples from the vicinity of the former uranium 

mine “Grabovnica” near village Kalna in East Serbia show elevated 

radioactivity. Only six samples (from 14 measured by gamma-spectroscopy) 

have external hazard index less than one. There are two soil samples taken 

from the entrance to the main shaft which have really high external hazard 

index. The obtained results also show higher activity concentration of 
137

Cs 

in some samples. 

The highest activity concentration of 
222

Rn is found in the building 6 – 

which is working area. According to recommendations from the 

International Commission on Radiological Protection Statement on Radon, 

from November 2009, the upper level for radon gas in dwellings is 
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300 Bq m
-3

. Taking account of differences in the lengths of time spent in 

homes and workplaces of about a factor of three, a level of radon gas of 

around 1000 Bq m
-3

 defines the entry point for applying occupational 

protection for existing exposure situations [8]. All houses are very well 

ventilated which greatly affect 
222

Rn activity concentrations in air, so there 

is no need for any intervention. 

Future investigations should include other mentioned locations in East 

Serbia and also comparison with areas of this origin worldwide. 
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"Grabovnica" near small village Kalna was one of the first uranium 

mine established in Yugoslavia. In 1963, the Nuclear Energy Commission 

began operating the mine and mill. Between 1964 and 1966, the staff at this 

mine extracted and produced an estimated 900 kg of UO2 and 400 kg of 

uranium metal. The Kalna ore was of poor quality, containing very low 

uranium content, which required higher-cost mining and refining methods. 

That was the main reason for closing this mine. This paper presents results 

obtained by measuring the activity concentration of soil and water samples 

by gamma spectrometry and also indoor 
222

Rn activity concentrations in 

houses in the nearby village Kalna. The investigations of radioactivity 

content of the samples collected around abandoned mine "Grabovnica" are 

carried out in order to determine the present state of the environment in this 

area.  

Most of the examined samples show elevated radioactivity. Only six 

samples (from 14 measured by gamma-spectroscopy) have external hazard 

index less than one. There are two soil samples taken from the entrance to 

the main shaft which have really high external hazard index. The obtained 

results also show higher activity concentration of 
137

Cs in some samples. 

The highest activity concentration of 
222

Rn is found in one house 

which is working area. All houses are very well ventilated which greatly 

affect 
222

Rn activity concentrations in air, so there is no need for any 

intervention. 

The mine was never officially decommissioned. The results obtained 

might be useful for the future decommissioning procedure. Future 

investigations should include other mentioned former mine locations in East 

Serbia and also comparison with areas of this origin worldwide. 
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