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Abstract. After the war conflict in the Autonomous Province of Kosovo and Metohija (Serbia), NATO published 
data on locations where they used ammunition with depleted uranium. In these regions there were localized points 
of concentrated contamination, so called “contamination points”. Taking into consideration the amounts of 
depleted uranium ammunition used by the NATO, abviously the number of these points in the area of Kosovo and 
Metohija is not negligible. Within the past 7 years there have been conducted various radiological and other 
surveys in this area. Majority of these surveys were focused around contamination points. The fact is that so far 
there has been surveyed only a small percentage of the contaminated area in this region, and apparently there are 
more contamination points outside the surveyed area. Taking into account the mobility of depleted uranium from 
contaminated areas by various transportation processes (underground waters, winds and diverse mechanical 
contacts of people, animals, and other activities), the idea of this work was to investigate possible contamination 
from depleted uranium not only at the locations indicated and published by the NATO in their reports, but also in 
the wider area around the zones of NATO strikes. In this paper we presented results of gamma spectrometry 
analysis of soil samples from wider area of the Autonomous Province of Kosovo and Metohija. We used 
semiconductor HpGe detector with 30% relative efficiency and the resolution FWHM(1332 keV)=1,78 keV. 
Spectral analysis were made on the basis of the present gamma lines, using a software package. The activity 
concentrations of the investigated radionuclides in the soil samples were ranged in the  following  intervals: 226Ra 
from 19 to 55 Bq/kg, 235U from 1,2 to 4,6 Bq/kg, 238U  from 26  to 95 Bq/kg,  40K  from  83  to 648 Bq/kg,  137Cs 
from 1 to 176 Bq/kg. 
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1. Introduction 
 
Under normal conditions, the world population absorbs by far the largest part of naturally occuring 
radiation. Natural radioactive sources give the average annual effective dose of 2,4 mSv, of which the 
contribution from indoor and outdoor inhalation of Radon, Thoron and their progeny amounts to around 
1,2 mSv. Exposure to the largest part of this radiation is inevitable and people are daily exposed to 
natural radiation which is found in soil, water, air and foodstuffs [1].  
 
A particularly important source of environmental radio-contamination comes from technologically 
modified natural radioactivity. The term “technologically modified natural radioactivity” is relatively 
recent. It was introduced in the mid-seventies, and describes exposure to natural radiation sources that 
wouldn’t occure without previous technological activities that were not aimed at producing radiation. 
These technological activities usually refer to exploatation of coal and its burning in power plants, 
processing and usage of phosphate ores, etc. Radioactive contamination of population then can be much 
higher than in the case that those natural resources remained in the nature at their original locations and 
original forms.  
 
In the late eighties and early nineties of the last century a special attention of the world public was 
drawn by the issue of usege of ammunition based on depleted uranium. Depleted uranium (DU) is a by-
product of the process used to enrich natural uranium ore for use in nuclar reactors and in nuclar 
weapons. It is distinguished from natural uranium by differing concentrations of certain uranium 
isotopes. Natural uranium has a uranium-235 content of 0.7 %, whereas the content of U-235 in DU is 
depleted to about one-third of its original content (0.2 - 0.3%). 
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For its high density, radioactivity, cost and toxicity, uranium found its application in technology and 
regrettably in military industry too. DU has been used for civil and military purposes for many years. 
The civil applications include use in radiation shielding and aircraft ballast. Because of its high density 
(19.0 g/cm3) and resistance, DU also has major military applications, particularly in defensive 
armouring for tanks and other vehicles. However, the properties of DU also make it ideal for offensive 
use in armour-piercing munitions. Both tanks and aircraft can fire depleted uranium munitions, with 
tanks firing larger calibre rounds (100 mm and 120 mm) and aircraft smaller calibre rounds (25 mm and 
30 mm). During the Kosovo conflict, DU weapons were fired from NATO aircraft, and it has been 
reported that over 30,000 rounds of DU were used [2] Fig. 1.  
 
Figure 1: Sites identified as being targeted by ordnace containing DU [2] 
 

 
Use of DU based ammunition may bring to cotamination of soil, with possible long-term effects to 
living environment, life and human health. If a large number of radioactive munitions hit hard surfaces 
and partially disperse into particles in form of aerosols at the moment of impact, there is a risk for 
people in the vicinity of the hit spot to inhale dust of deplated uranium which is dispersed by wind. As 
radioactive aerosols disperse and fall down under influence of gravitational forces, the resulting 
contamination of surface soil may be localized on a small area or perhaps distributed, depending on 
the properties of aerosols and current meteorological conditions. 
 



 

3 

Depending on terrain configuration and physical-chemical properties of soil, the localized points of 
contamination, so called “contamination points”, which are mostly near radioactive munition or in the 
vicinity of hit spots, may produce consequences on the environment in the local or wider area. An 
impact of a missile with depleted uranium after it was fired depends on many factors, such as type, 
volume and position of the target, resistance of the matter which is hit with rounds, etc). Sometimes 
this impact is not spread more than one meter, while in some cases fatal consequences may manifest 
kilometers away from the hit spot. In the first place this refers to dissolution of corroded radioactive 
rounds, then migration of radionuclides by surface and underground waters. 
 
The greatest risk to human health due to use of DU munition in the impact moment comes from 
inhalation of radioactive aerosols, which directly attack respiratory tract [3]. In time uranium moves 
into digestive tract and blood circulation, causing problems primarily with liver, kidneys, central 
nervous system, connective tissues and bones. The risk from DU through this contamination path 
drops with time and distance from contamination points. Long-term paths of DU contamination of 
people are ingestions of plant and animal products from the affected zone. 
 
2. Materials and methods 
 
During  the year 2007, soil samples were collected in the wider area of Kosovo and Metohija which 
was affected by the NATO strikes, but also from the terrain which officially was not affected by these 
actions. The idea was to carry out radiological analyses of the largest area possible, so as to review 
eventual effects of NATO bombing with DU munition. The soil samples were primarily taken from 
gardens, yards and arable land, which the population of Kosovo and Metohija actively used in the time 
of sampling. 
 
Since the target of our interest was workable and actively cultivated soil, the standard procedure of 
soil sampling by depth was not used. The natural dispersion of depleted uranium beneath eventual 
contamination points or radioactive munition at these locations was disturbed as a result of active land 
works. Vertical distribution resulted from dissolution and dispersion of depleted uranium from its 
initial surface contamination (or from a radioactive missile lying on the surface), hence the sampling 
was performed randomly and up to the depth of 20 cm. The samples were treated with the standard 
procedure for preparation of samples: after multiple mixing and drying at the temperature of 1050C all 
samples were ground into a fine powder granulation and reduced to constant mass [4]. Besides 
grinding and drying, the samples did not undergo any other physical or chemical treatment. After the 
completed homogenization, the samples were measured and filled into standard Marinelli beakers (0,5 
l). The Marinelli beakers were then sealed with beeswax for sealing and left for 30 days to establish 
radioactive balance.   
 
Gamma-spectometry analysis of samples was made with HpGe (ORTEC) detector with 30% relative 
efficiency. The detector was calibrated by a referent radioactive material soil matrix MIX-OMH-SZ 
(National Office of Measures, Budapest, dribbled with 22Na, 57Co, 60Co, 89Y, 133Ba, 137Cs, of the total 
activity 1.5 kBq/kg). Sample measuring times ranged within 250.000 s. 
 
3. Results and discussion 
 
Activities of 

226
Ra and 

232
Th were determined through their progeny 

214
Pb, 

214
Bi  and 

228
Ac, 

208 Tl  
respectively. The activity of 

235
U in the investigated samples was determined through the composite 

line of 235U at 185,83 keV, the correction with 226Ra (186 keV). The activity of 40K was determined 
through its only gamma transition at 1460,8 keV, while the activity of 137Cs was determined through 
its gamma line at 661.6 keV.  
 
The results of gamma-spectrometry analysis of soil samples from the area of Kosovo and Metohija are 
shown in Table 1. 
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Most of the measuring locations from Table 1 are far from the locations officially marked as the areas 
of NATO strikes. The exception is measuring location Nr.21,  Lepina village, where the soil samples 
were taken from a garden in the immediate vicinity of the airport Slatina, where the actions of NATO 
aviation were frequent. Likewise, the measuring location Nr. 18 - Istok is placed relatively near Rakos 
and the surrounding locations where the NATO air force officially fired DU munition. 
 
Soil samples from locations Nr.15 - Park Karakas, Nr. 10 - Zubin Potok 1 and Nr. 19- Kula are taken 
from open fields, that is from noncultivated or unworkable land. All other soil samples shown in Table 
1 were taken from active workable gardens and yards. 
 
Table 1: Concentrations of natural and produced radionuclides in soil [Bq/kg]. 
 
No. Location 226Ra 232Th 40K 238U 235U 137Cs 235U/238U 

1 K. Mitrovica 1 35 ± 4 38 ± 5  347 ± 35 39 ± 14 2.3 ± 0.4  109 ± 11 0.059 
2 K. Mitrovica 2 46 ± 5 53 ± 6 281 ± 28 53 ± 13 3.9 ± 0.6 42 ± 4 0.074 
3 Zvecan 1 55 ± 6 66 ± 7  480 ± 48 72 ± 17 4.6 ± 0.7 47 ± 5 0.064 
4 Zvecan 2 49 ± 5 52 ± 6 416 ± 42  63 ± 18  4.0 ± 0.6 67 ± 7  0.063 
5 Grabovac 35 ± 4 17 ± 3 191 ± 28 39 ± 7 2.9 ± 0.4  2.4 ± 0.4  0.074 
6 Banjska 1 30 ± 3 13 ± 2 167 ± 17  54 ± 16  1.8 ± 0.3 1.3 ± 0.2 0.034 
7 Banjska 2 19 ± 2 11 ± 2 83 ± 12  26 ± 11 1.2 ± 0.2 1.0 ± 0.2 0.046 
8 Socanica 36 ± 4 44 ± 5 466 ± 47 43 ± 11 3.8 ± 0.6 59 ± 6 0.088 
9 Rudnica 40 ± 5 34 ± 5 305 ± 30  51 ± 19 3.2 ± 0.6  130 ± 13  0.063 
10 Zubin Potok 1 38 ± 4 26 ± 3  397 ± 40 47 ± 11 2.4 ± 0.4  176 ± 18 0.052 
11 Gazivode 24 ± 3 34 ± 4 380 ± 38 51 ± 18 3.9 ± 0.6 106 ± 11 0.076 
12 Velji breg 47 ± 5 50 ± 6 459 ± 46 42 ± 12 3.9 ± 0.6 56 ± 6 0.093 
13 Ribarice 32 ± 4 36 ± 4 546 ± 55 56 ± 17 2.4 ± 0.4 16 ± 2 0.043 
14 Pec–zelj.stanica 51 ± 5 48 ± 7 536 ± 59 57 ± 14 4.6 ± 0.7 32 ± 3 0.081 
15 Park Karakas 45 ± 4 43 ± 5 442 ± 44 95 ± 28 3.8 ± 0.7 52 ± 5 0.040 
16 Vitomirica 1 41 ± 4 52 ± 6 458 ± 46 62 ± 14 4.1 ± 0.5  20 ± 2 0.066 
17 Vitomirivca 2 46 ± 5 42 ± 5 374 ± 37 44 ± 11 3.0 ± 0.4  42 ± 4 0.068 
18 Istok 33 ± 3 32 ± 4 360 ± 36 37 ± 10 2.1 ± 0.4  12 ± 1.4 0.057 
19 Kula 44 ± 4 44 ± 5 437 ± 44 49 ± 16 3.8 ± 0.6  23 ± 2 0.078 
20 Lipljan 27 ± 3 26 ± 3 365 ± 37 26 ± 11 2.5 ± 0.4  10 ± 1 0.093 
21 Selo Lepina 31 ± 3 30 ± 4 450 ± 45 42 ± 15 2.1 ± 0.3  9 ± 1 0.050 
22 Vitkovici 40 ± 5 46 ± 6 648 ± 65 61 ± 24 2.7 ± 0.6  32 ± 3 0.044 
23 Staro Gacko 37 ± 4 50 ± 5 541 ± 54 52 ± 19 2.7 ± 0.4  30 ± 3 0.052 
24 Lepsavic 38 ± 4 48 ± 5 639 ± 64 55 ± 19 3.0 ± 0.4  17 ± 2 0.054 
25 Lesak 22 ± 3 30 ± 4 570 ± 57 35 ± 14 1.7 ± 0.3  25 ± 2 0.049 

 
In almost all soil samples there was detected 137Cs,  which came to soil as a result of nuclear tests and the 
Chernobyl accident. Variations in the concentration of this artificial radionuclide, which falls among 
most significant fision products for irradiation of population, in the investigated soil samples ranged 
within the interval 1 Bq/kg - 176 Bq/kg. Due to fixation process of this radionuclide in soil, its 
migration in undisturbed soil is a slow process, which makes it more important from the aspect of 
radiation protection and radioecology.  
 
As seen in Table 1, the detected activities of natural radionuclides in the given soil samples are 
characteristic for that soil. Activity concentration of 226Ra in the investigated samples was within the 
interval from (19 ± 2) Bq/kg to (55 ± 6) Bq/kg, 232Th from (11 ± 2) Bq/kg to (66 ± 7) Bq/kg, 40K from 
(83 ± 12) Bq/kg to (648 ± 65) Bq/kg, 238U from (26 ± 11) Bq/kg to (95 ± 28) Bq/kg and 235U from (1.2 
± 0.2) Bq/kg to (4.6 ± 0.7) Bq/kg. From the shown results in Table 1 it is also seen that no significant 
variations of the obtained concentrations occured at specific sampling locations.  
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It is particularly important to observe from these results that the ratio of uranium 235U/238U in all 
investigated soil samples corresponds to the ratio of these isotopes in natural uranium. 
 
Beta and gamma radiations were also measured at all measuring locations in Table 1 with the 
following detection systems: Gamma tracer, Gama Dose Rate Meter - mini TRACE γ, Contamination 
Meter - mini TRACE β  (all devices produced by Genitron Instruments GmbH). These devices did not 
detect any significant distribution of contamination of soil surface, ground or flora, that is the intensity 
of radiation at all measuring locations was within the variation interval of the natural background. 
 
4. Conclusion 
 
The detected activities of natural radionuclides in the investigated soil samples were characteristic for 
the soil. No significant variations of the obtained concentrations occured at specific sampling 
locations. A significant difference in the activity of the produced radionuclide 137Cs was present, 
which was expectable considering that its presence in ground is the result of  the nuclear accident in 
Chernobyl. The ratio of uranium 235U/238U corresponds to natural uranium, but it does not mean that 
the risk from depleted uranium in the future will be less important because radioactive rounds are still 
located in the living environment of Kosovo and Metohija.  
 
The survey results shown in this paper are preliminary measurements of this research team in the area 
of Kosovo and Metohija and this activity will be continued.  
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