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INTRODUCTION
The soil is the basic environment of migration of radionuclides into plants, from which

they reach the people and animals through food. The type of soil affects the distribution of
radionuclides in the soil itself and their transfer into plants, respectively. Systemic testing of
radioactivity of soils is performed on specific locations in the Federal Republic of Yugoslavia,
in particular time periods according to methods defined by regulations (1).

As result of NATO aggression and use of ammunition with depleted uranium in 1999,
the existing radioactivity monitoring program of Yugoslavia was modified. Besides
measurement of activity of artificial radionuclides, that were present in living environment
after Chernobyl accident in 1986(2), the testing of activity of natural radionuclides, especially
of uranium, was carried out as well. 

Uranium in Serbia derives from natural sources, considering the geological
composition of rocks and geochemical composition of soil, and their concentrations as well as
the concentrations of its descendants represent the significant component of natural sources of
ionizing irradiation. In Serbia, the major uranium sources are igneous, carbonic and
sedimentary rocks, and granite. According to perennial geological investigation of uranium in
our country, several geological regions have been found to have uranium in higher or lower
concentration. The uranium concentration in these regions ranged from 0.003g/t for ultra
basic rocks to 3.5g/t for igneous, sedimentary rocks and granite (3).

One of considerable uranium sources is specific technological procedure in industry
such as production and combustion of coal in thermal plants, production of phosphate mineral
fertilizers, production of phosphoric acid, phosphoric plaster, etc.

METHODS

Measurement of activity of soil samples in the Republic of Serbia was carried out on
the following locations: Belgrade (Dunavac and Jabucki rit); Novi Sad, Nis, Zajecar and
Zlatibor. 
Soil was sampled in the layers of

0-5 cm deep, from 5-10cm, and from 10-20cm in uncultivated soil, and 
from 0-10cm, from 10-20cm and from 20-30cm in cultivated soil.

The periods of sampling were spring and autumn. The soil samples were purified from plants
and rocks. They were dried on 105oC-110oC to constant weight during 24-48 h. Thereupon,
the samples were ground, sieved and taken into vessels for measurement. The period of at



least 30 days was necessary to establish the balance between 238U and 226Ra in samples to the
very measurement.

 The presence of gamma emitter in the samples was determined by the method of
high-resolution gamma-spectrometry. Pure germanium detector by EG&G “ORTEC” with
24% efficiency and resolution 1.85 keV (at 1.332 MeV) was used. Measurement time was
20000 sec.

Developed measuring gamma spectrometric technique in our Institute allowed for the
activity of 238U to be measured from the gamma lines of its first descendent 234Th. Gamma
spectrometry also provided the measurement of 235U in the samples, and the comparison of
235U and 238U activities made it possible to determine what concentrations of these
radionuclides were of natural origin in soil on particular location and what concentrations
were the result of contamination by depleted uranium. Natural ratio of 238U/235U is 21.7.

RESULTS AND DISCUSSION
The radionuclide activity of natural uranium and thorium series, and natural

radionuclide 40K was determined in soil samples. Among fission products, only 137C was
measured, while other radionuclides were below detection limit.

Tables 1 and 2 illustrate the results of minimal and maximal activity concentrations on
specific locations, arithmetic mean values for the period 1999-2001, and standard deviation.

Radionuclide 137Cs was present in all soil samples. High standard deviation and big
difference between minimal and maximal activity concentrations of cesium suggested typical
artificial pollutant. Given that its half-life is 30 years, it is distributed deeply into soil by
washing out, and it will remain in ecosystem for a long time. Extremely high 137Cs
concentrations were recorded in the uncultivated soil of the mountain Zlatibor, that could be
explained by first precipitations following immediately the Chernobyl accident (Table 2). (4)

According to data from tables 1 and 2, for the period 1999-2001, the activity of natural
radionuclides was very equal on all locations. There was no significant difference between
radionuclide activity of cultivated and uncultivated soil. The concentration of 238U was usual
for our country. Since 238U/235U ratio in the measured samples on all described locations
corresponded with their ratio in natural uranium, it might be concluded that there was no
indication for presence of depleted uranium in all measured samples. The concentrations of
natural radionuclide 232Th and 40K series in all samples ranged between normal limits.



Table 1: Specific radionuclide activity in cultivated soil presented in (Bq/kg)for the period
1999-2001

Radionuclides Belgrade Novi Sad Subotica Nis Zajecar

min-max 256 - 861 385 - 522 336 – 588 530 – 680 402 - 769  40 K
(Bq/kg) As � �As 596 � 134 467 � 46 455 � 73 604 � 45 556 � 95

min-max 27 - 61 27 - 41 26.6 - 54 35 - 45 30 - 54.7  232Th
(Bq/kg) As � �As 41 � 8 35 � 4 41 � 8 41 � 3 42 � 7

min-max 11 - 57 31 - 43 32 - 51 33 - 55 31 - 50  226Ra
(Bq/kg) As � �As 41 � 9 39 � 5 41 � 6 40 � 7 39 � 6

min-max 9 - 70 12 - 58 11 - 92 54 - 67 14 - 60 238U
(Bq/kg) As � �As 44 � 20 36 � 15 48 � 22 61 � 5 40 � 16

min-max 0.6 - 3.0 0.8 - 2.5 0.8 - 3.4 2.0 - 3.2 0.8 - 2.7  235U
(Bq/kg) As � �As 2.0 � 0.6 2.0 � 0.5 2.0 � 0.7 2.0 � 0.3 2.0 � 0.5

min-max 5.5 - 20 6 – 13.3 6.3 - 14.7 7 - 12 7.5 - 43.0  137Cs
(Bq/kg) As � �As 11.0 � 4.5 9.0 � 2.7 9.0 � 2.6 9.0 � 2.1 17 � 10



Таble 2:  Specific radionuclide activity in uncultivated soil presented in (Bq/kg)
 for the period 1999-2001

CONCLUSION
In the period 1999-2001, the radionuclide activity of uranium and thorium series and

40K, as well as the artificial radionuclide 137Cs was monitored in the Republic of Serbia.
According to results of gamma spectrometry of measured soil samples, and pursuant

to regulations of our country, it may be concluded that the activity of natural radionuclides is
very equalized in our country. The activity of 137Cs keeps on being lower in the upper layers
of cultivated soil, that is the result of its decay and transport to deeper layers.

The expected contamination due to announced use of ammunition with depleted
uranium was not found on these locations. However, official NATO and UNEP data suggest
that such ammunition was used in the regions of Vranje and Kosovo, and on Lustica
peninsula in the Republic of Montenegro. The actual consequences of contamination within
these regions will be discussed in the following investigations. 
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