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INTRODUCTION
The radiation protection is very important interdisciplinary research field due to the

presence of the radiation in daily life. The systematic examination of radioactive
contamination of various environmental samples was established forty years ago in the
Institute of Occupational and Radiological Health "Dr Dragomir Karajović" for the sake of
preventive protection of population and environment from the harmful effect of ionizing
radiation.

The global sources of radionuclide contamination in our country are the fallout due to
previous nuclear testing and the deposition of radionuclides from the region of Chernobyl
accident (1).

 The contents of radionuclides were determined in aerosol, soil, fallout (wet and dry
deposition), rivers, lakes, drinking water, human and animal food. The samples were collected
in several locations of the Republic of Serbia and in regular time intervals, according to
methods determined by the regulation (2). The regulations and the monitoring programs were
updated after the Chernobyl accident. 

In the recent time, after the NATO aggression, we analyzed depleted uranium content
in the environmental samples. We used high-resolution gamma spectrometry measurements,
because of their simplicity and accuracy. Aims of the control were to asses the increase of
radioactivity above the natural levels in the immediate and near vicinity of the bomb craters,
to asses the corresponding effect of changed natural radioactivity on the health of the
population living in these places and finding unexploded depleted uranium bullets. 

METHODS
Air samples are collected daily above ground by airflow trough “Poelmen-blue” filter

paper with airflow pump (300 m3/ 24 h). Radionuclide content in aerosol is determined in a
composite monthly sample. Samples of monthly fallout are collected in 0.1 m2 container 1 m
above of uncultivated soil. 

As a part of the analysis of human food radioactivity we performed the radioactivity
analysis in vegetables, fruit, diary products, wheat, meet and milk. The human food samples
are dried at 1050C to constant weight. After that they are ground and homogenized. 

The collected soil samples were cleaned of plants and stones, dried at 1050C - 1100C
till constant weight for 24-48 h. After this, the samples are ground, sieved, and measure in
Marinelli geometry. 

Gamma activity was determined by gamma-spectrometry measurements using HP Ge
detector (ORTEC), with relative efficiency of 25 % and energy resolution of 1.85 keV



(1332.5 keV 60Co).  The analyzer system conducts a peak search, energy assignment,
quantification and nuclide identification in acquired spectra. The calibration was made using
Amersham standard in Marinelli beaker. Time of measurement varied from 60000 s to
250000 s. 

RESULTS AND DISCUSSION
Gamma-spectrometric analysis included radionuclides of natural and artificial origin

of the uranium and thorium series and 40K, radionuclides of cosmic origin and artificial
radionuclides originating from fall-out. The 238U and 235U specific activities and their isotopic
composition were determined in all samples. 

The samples were collected in the regions of Belgrade, Niš, Novi Sad, Subotica,
Užice, Zaječar, Kragujevac, Podgorica, and in the National Parks (Kopaonik, Deliblatska
peščara, Koviljsko-Petrovaradinski rit, Fruška Gora, Đerdap and Carska Bara). 

Activity results in the collected aerosol samples, monthly fallout, river and drinking
water indicated a tendency of decreasing activity, that is washout of the atmosphere from
Chernobyl contamination, with the usual season variations. The 238U and 235U activities in
these samples did not indicate increased activity in the same period. The results of measured
activity of 40K (natural origin) range within its natural activity limits. Activity of 137Cs
(originating from Chernobyl fall-outs in 1986) in human food and animal feed samples
indicate a decreasing tendency, which is a result of normal washings of the lithosphere by rain
(3). 

Specific activities of different radionuclides in food in mentioned regions and in
various samples from National Parks are presented in tables 1 and 2. 

Table 1: Specific activity of different radionuclides in food 

Radionu-
clides

Vegetables
(Bq/kg)

Fruits
(Bq/kg)

Meat
(Bq/kg)

Crops
(Bq/kg)

Dairy
products
(Bq/kg)

Milk
(Bq/l)

238U � 10 � 5 � 1 � 5 � 0.3 � 1
235U � 0.2 � 0.2 � 0.8 � 0.1 � 0.03 � 0.1

232Th � 0.8 � 0.3 � 0.2 � 0.7 � 0.09 � 0.3
226Ra � 3 � 3 � 2 � 3 � 0.5 � 0.6

7Be � 0.2-20 � 2 � 1 � 0.1-25 � 0.5 � 6
40K 20-270 20-65 45-150 14-160 24-60 23-70

137Cs � 0.3 � 0.2 � 0.7 � 0.1 � 0.06-0.5 � 0.4

Table 2: Specific activity of different radionuclides in the samples in the National Parks (4)



Radionuclides water
(river, lakes)

(Bq�l)

sediment
from rivers

(Bq/kg)

soil from the
bomb  craters

(Bq/kg)

soil outside
the craters

(Bq/kg)

fish

(Bq/kg)
238 U � 0.1 10-90 15-250 16-220 � 2
235 U � 0.1 � 0.4-3 0.6-10 0.8 – 8 � 0.2

232 Th � 0.02 9-70 16-200 23 – 130 � 0.6
226 Ra � 0.1 10-80 17-230 18 – 120 � 4

40 K � 0.05-0.4 100-750 280-1000 350 – 800 40-80
137 Cs � 0.01 0.6-200 1-100 4 –140 � 0.1-0.4

Specific activities of different radionuclides in the uncultivated soil in table 3 are
shown. The 238U and 235U specific activities and their isotopic composition correspond to
natural isotopic composition (238U/235U ratio is 22).

These results show that in the North and in the middle part of Serbia we didn`t find
any sample with depleted uranium.

Table 3: Specific activity of different radionuclides in the uncultivated soil (in the North and
in the middle part of Serbia)

40K
(Bq/kg)

137Cs
(Bq/kg)

232Th
(Bq/kg)

226Ra
(Bq/kg)

238U
(Bq/kg)

235U
(Bq/kg)

7Be
(Bq/kg)

Belgrade 605 17 41 42 46 2 � 8

Novi Sad 392 4 24 26 22 1 � 6

Subotica 473 6 39 40 49 2 � 8

Niš 590 13 38 39 42 2 � 8

Zaječar 529 10 41 38 48 2 � 8

Zlatibor 263 187 14 20 21 1 � 13

Depleted uranium was found in samples from Vranje region and cape Arza
(Montenegro). There are four fenced areas in Vranje region (Pljačkovica, Bratoselce,
Bukurevac and Reljan) and one in the Montenegro (cape Arza) where we have found depleted
uranium penetrators. The 238U and 235U specific activities and their isotopic composition
correspond to depleted uranium (238U/235U ratio from 35 to 77).



Soil samples were taken inside and outside the fences. The soil sample analysis
indicates widespread, low-level contamination by depleted uranium at whole fenced area. The
high activity of depleted uranium was found in the soil samples taken at the points where the
penetrators were found. None of the samples taken outside the fence had any measurable
depleted uranium contamination.

Specific activity of different radionuclides in the soil in the Vranje region and cape
Arza in the table 4 are shown.

The uranium concentration in drinking water collected at the farmhouses in the
endangered region is normal and there is no indication of depleted uranium till now.

The same results were obtained by UNEP mission to Serbia and Montenegro (5).

Table 4: Specific activity of different radionuclides in the soil in the Vranje region and cape
Arza

Radionuclides minimum
activity
(Bq/kg)

average value

(Bq/kg)

maximum
activity
(Bq/kg)

40K 209 789 1369
137Cs 1.3 101 372
232Th 18 56 107
226Ra 17 50 129
238U 35 14958 216721
235U � 0.7 119 1700
7Be � 12 27 110

CONCLUSIONS
According to the measured values and total measurements results of radioactivity in

Serbia and Montenegro during the period 1999-2001 we may concluded that the activities of
natural 40K, radionuclides of natural and artificial origin of the uranium and thorium series, as
well as long-living radionuclide of artificial origin, 137Cs, in various samples of human food
and drinking water ranged within the low activity limits. 

Three years of monitoring the content of natural radionuclides as well as radionuclides
of artificial origin in all samples in the North and middle part of the Republic of Serbia and
Montenegro indicated that there was no deviations in the activity from the average values for
the same types of same samples before 1999. The activity of long-living radionuclide 137Cs is
constantly decreasing in the upper layers of uncultivated soil, which is the result of cesium
breakdown and its transport into lower layers. 

With the bombing of our country (spring 1999) the monitoring of radioactivity has
changed. We have measured samples from Vranje region and cape Arza where we have found
depleted uranium. 



The soil sample analysis indicates widespread, low-level contamination by depleted
uranium at this region. High activity of depleted uranium was found in the soil samples taken
at the points where the penetrators were found. None of the samples taken outside the fence
had any measurable depleted uranium contamination.

The effects of exposure to depleted uranium are both radiological and chemical. The
risk of airborne contamination from resuspension of depleted uranium dust on the ground
surfaces decreases all the time because of the expected dispersion into the ground by
dissolution in water and because increasing cover of old grasses. The probability of water
contamination increases in time as depleted uranium from the surface dust and corroded
depleted uranium penetrators enters the water table. 

Therefore contamination points should be decontaminated and contaminated material
should be disposed of safely, as determined by the relevant competent authorities.
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