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INTRODUCTION
Uranium is widely distributed in the natural environment: in the soil, air and food. And thus
all people on the planet inhale or ingest small quantities of uranium every day. However,
depleted uranium (DU) is industrial product. It is used in medicine, aviation, astronomy, oil
exploitation, as well as for military purposes for penetrating ammunition. America is not the
only country that applies depleted uranium ammunition (1).  It is a part of the military arsenal
in France, England, Turkey, Israel, Russia, Saudi Arabia, Pakistan and Thailand. Depleted
uranium is toxic for both humans and animals for two basic reasons: as a heavy metal, it has
toxic chemical effects, and as an alpha-emitter, it also has radioactive effects. Although it is
considered less radioactive than natural uranium, its toxicity is high due to high LET (linear
energetic transfer) irradiation, tissue deposition (bones, kidneys, blood, lungs) and elimination
time (5000 days) (2). Radiation limit above which adverse health effects are initiated
(radiation–carcinogenic risk), depends on the quantity and contamination time (“how much
and how long”), including also other factors, such as age, sex, previous health status, exposure
to other materials, genetic predisposition and radiosensitivity (lack of indicators), diet and
stress (3).
According to ICRP recommendations, carcinogenic risk for the occupationally exposed
individuals is minimal if the exposure is limited to the effective dose of 100 mSv for five
years and not above 50 in a single year, being five times lower for general population. In
average annual effective dose per population, from all sources is below 1mSv, carcinogenic
risk will range from 1 per 10 000 to 1 per 100 000, and in occupationally exposed individuals
exposed to maximum permitted doses (MPD), the risk of cancer with fatal outcome is below 3
per 
100 000 (2). 
Immediate effects of population exposure to low uranium doses do not result in evident
clinical picture. Late consequences include malignant diseases and congenital malformations,
and they develop after 5-20 years. Health surveillance of potentially exposed population from
the contaminated regions, based on the Health program for occupationally exposed
individuals and monitoring of biological parameters indicative of internal radioactive
contamination, the disease may be anticipated and treated in time. Therefore, we proposed
surveillance program targeted at population of contaminated regions of our country and the
initial results of the research are presented in this paper (4).



METHODS
Our series comprised a selected sample of 50 residents of the region of South Serbia exposed
to depleted uranium U-238 ammunition, including: one enclave in Kosovo (Štrpce, 21) and in
the vicinity of Vranje (Pljačkovica, Pržar, Borovac, Bratoselce, 29). The control group
included 30 residents of Belgrade and other regions in Serbia unexposed to uranium-depleted
ammunition during NATO bombing. 
The environmental measurements included: 

- measurement of environmental radioactivity in the region of the Republic of Serbia
during 2000 in the following points: Beograd, Niš, Zaječar, Novi Sad, Subotica,
Zlatibor.

- Measurement of environmental radioactivity is the vicinity of the Town of Vranje in
2001.

The measurements were performed on the samples of air, soil, plants (grass, lichen, moss,
rose hip), drinking water and food products characteristic for diet of the population of the
given region.
The methods of measurement are standardized and applied in accordance with Law on
ionizing irradiation protection (4,5) (method of vertical analysis of living environment
samples).
The strength of the absorbed airborne gamma irradiation dose was measured, as well as total
alpha and beta activities and specific gamma activity of water, specific radionuclide activity
in samples of soil, plants and food products, using gamma spectrometry and alpha
spectrometry.  Radioactivity in food products from the village households from the region of
Vranje was specially analyzed (potatoes, corn, cheese. Honey, veal meat, wild boar meat),
produced and consumed in this region.
Subjects from the region of Vranje underwent the following radioactivity analyses:

- Gamma-spectrometric evaluation of 24-hour urine (29 samples) for the presence of
natural and artificial radionuclides in Bq per liter of urine (2), and

- Alpha-spectrometric analysis (22 samples) of the total urine content and activity ratios
of the present uranium isotopes, in mass units, i.e., in activity units per liter of urine. 

In accordance with the program developed for individuals exposed to ionizing irradiation
(Official Gazette 1996, Law on Ionizing Irradiation Protection), selected population groups
were examined. The examinations included general clinical assessment, complete blood
count, ratio-percentage of individual leukocytic line elements, morphological changes of the
blood cells in the stained (Giemsa) capillary smears observed under microscope, presence of
immature forms or blasts, leukocytic enzyme activity (alkaline phosphatease – APL) (7).
Lymphocytes were particularly assessed, with respect to their absolute number, percentage of
the stimulated lymphocytes, the so-called large lymphocytes, and particularly their karyotype
and its chromosomal aberrations. Chromosomal aberrations were observed in metaphase on
200 mitoses, by microscopic examination of the stained preparations under immersion
(8,9,10).

RESULTS
Mean annual value of the absorbed airborne gamma irradiation dose in Serbia (including
Belgrade and south region, Niš and Vranje) is 0.09 microGy/h. Gammaspectrometric analysis
of the composited air samples shows presence of low levels of natural radionuclides, while



cesium 137 activity is below limit of detection. Presence of uranium was evidenced in two
samples of air, obtained immediately above the ground in the region of Vranje. 
In the region of Vranje, in addition to natural radionuclides, radiocesium 137 was evidenced
in soil samples, with its concentration widely ranging from 0.9 – 68 Bq/kg, depending on
sampling site, however the values were within those evidenced in other regions of Serbia as a
consequence of the Chernobyl accident and prolonged half life (E.g. 169 Bq/kg on the
mountain of Zlatibor and 20 Bq/kg in Belgrade, at the average). Uranium 235 and 238
isotopes were evidenced, as well as their imbalance in favor of the depleted uranium 238.
Presence of uranium, that is its isotopes as natural radionuclides when its ratio is
approximately 1 is normal. Such findings were obtained in samples of soil in the region of
Belgrade and its surroundings. However, values exceeding 200 000 Bq were evidenced in
several samples obtained in the region of Vranje, and their ratio was disturbed being far below
one (0.01). Such findings confirm contamination of soil with depleted uranium and they are
consistent with UNEP report published in March 2002 (11), evidencing contamination of soil
and air immediately above the soil. Values between 100 and 200 and even above 3000 Bq
were found in certain plants, which evidences transfer of the depleted uranium from soul into
the plants, and indicates risk of its entrance into food chain. This was also influenced by
natural characteristics of the terrain, moist and abundance of ground waters, resulting in
corrosion of ammunition and consequential release of depleted uranium, its solubility and
absorption. Measurements performed in the food products evidenced significantly low levels
of Cs 137 in the samples of vegetables, fruit, grains and meat, as well as in samples of cattle
feed, and they were usually at the level of 1 Bq/kg of product. Uranium 235 and uranium 238
activity ratio determined in samples obtained on the territory of Serbia is proved to be
consistent with their ratio in the natural uranium. Increased levels of depleted uranium were
not detected. Environmental measurements in Kosovo were performed in 2000, and based on
UNEP report there was no contamination with depleted uranium (12).
Uranium isotope values determined in different samples of water and food in the region of
Vranje were minimal, consistent with those determined in other regions of Serbia and
Belgrade, and resulted from the natural uranium. The similar was evidenced for radiocesium
137 and strontium 90.  Total alpha activity in drinking water samples obtained from different
sources (local water intake, well water, tap water, water from water supply system) in the
region of Vranje during 2001 was up to   31 mBq/l, averagely at the detection limit, likewise
in samples obtained in other regions of Serbia. Targeted samples of food products obtained in
a rural households in the region of Vranje and Bujanovac,  i.e., evidenced 0.24 Bq/kg of
cesium 137 in a sample of veal meet and a   0.35 Bq/kg of the depleted uranium in a sample
of cheese, which are both rather low values.  Except for natural potassium 40, no other
radioactive elements were found in other samples. 
Gammmaspectrometric urine analysis have failed to evidence increase of radiocesium and
radio iodine 131, while alphaspectroemtric analysis evidenced disturbed ratio between
uranium 235 and uranium 238 in 3 cases, ranging from 0.21 to 0.77.
Since soil, air above the ground and plants were proved to be contaminated with depleted
uranium, we have examined parameters of the biological effects of internal contamination.
Clinical examinations of all the subjects did not reveal any chronic disease that could have
been associated with influence of ionizing irradiation. Difference in mean values of blood
element counts between the studied groups was not significant. Changes of leukocytic



formula, i.e., capillary smears obtained from the residents of the contaminated regions were
characteristic. 
Toxic granulations in the neutrophilic granulocytes, degranulation of the cytoplasm of
neutrophilic and eosinophilic granulocytes, nuclear segmentation disorders and concomitant
changes of nuclei, granules and cytoplasm (onset of vacuoles) were present. Multiple changes,
i.e., nuclear and cytoplasmatic changes were evidenced in 9 (43%) subjects from Kosovo, as
well as in 6 (26%) subjects from Vranje, while only in 3 (14%) and 9 (31%) cases,
respectively, their appearance was normal. As for the control group, toxic granulations in the
cytoplasm were evidenced in 4% of subjects. Alkaline phosphatase activity in the
granulocytes was 35, while in the control group it was 56 (significant difference for p<0.05;
Kruscal-Walis test), which is significantly lower score, although nor below the lower limit of
20 I.U. (international units). There was no significant difference between subjects from
Kosovo and those from Vranje. In none of the cases APL was inhibited, i.e. 0 I.U. Leukemic
blasts were not observed. Development of large stimulated Ly was present in the smear up to
30% (usually up to 10%) as well as onset of virocytes – large monocytes with a nucleolus and
monocytes with large fused granules and vacuoles. Morphological changes of the
immunocytic line (lymphocytes and monocytes) were found in every other subject from the
contaminated regions, 11 of 21 subjects from Kosovo and 17 of 29 subjects from the region of
Vranje (Tables 1 and 2).  Basophilic granulocytes are found in 100 elements in the smear in
several sporadic cases, precisely, in 4 subjects from Kosovo, while increased percentage of
eosinophiles in found in 2 subjects from the region of Vranje. The data are not significant. 

Table 1.

BLOOD SMEARS AND CHROMOSOMAL ABERRATION
IN  21  RESIDENTS OF KOSOVO

Blood smears Leucocytes  (%) CA

No Morphol.
changes
NG. LY NG     LY MON. EOS.    BAS.

1. � 53 44 3 0 0 �

2. � � 49 44 4 3 0 ��

3. �� � 62 34 2 2 0 ��

4. ��� 58 36 4 2 0 ���

5. ��� � 54 40 4 1 1 ���

6. �� �� 54 39 5 1 1 ���

7. �� � 52 44 3 1 0 ���

8. �� � 54 40 5 1 0 ��

9. ��� � 62 35 1 2 0 0
10 �� 58 36 3 2 1 0
11. � 59 37 3 1 0 0



12. ��� 64 32 3 1 0 0
13. � �� 55 41 3 1 0 0
14. � � 55 42 2 1 0 0
15. � � 50 45 5 0 0 0
16. � � 53 43 2 2 0 0
17. � 53 43 2 2 0 0
18. � 57 39 4 0 0 0
19. 59 34 5 2 0 0
20. 56 37 4 3 0 0
21. 55 41 1 2 1 0

NG - granulocytic strain;  LY- immunocytic strain;  
CA-*chromosomal aberrations;  **, *** CA  specific  changes ;   
*- changes in cytoplasm ;  
** , *** - changes in nucleus and cytoplasm; 

 



Table 2.
BLOOD SMEARS AND CHROMOSOMAL ABERRATION

IN  29  RESIDENTS OF VRANJE

No.
Blood smears Le-formula  (%) CA

Norm Morph.
changes

NG LY. NG Ly Mo Eo Bz
1. ## 54 39 6 1 0 ###
2. ## ## 43 43 4 10 0 ###
3 ## ## 62 34 2 2 0 ###
4 ## # 63 31 5 1 0 ###
5 # # 63 33 4 0 0 ###
6 ## # 64 31 4 1 0 ###
7 # # 58 38 4 0 0 ##
8 # # 58 35 6 1 0 ##
9 # # 57 38 5 0 0 ##
10 # # 59 35 6 0 0 ##
11 # # 60 37 3 0 0 ##
12 # # 58 35 4 3 0 ##
13 ## # 49 46 7 3 0 ##
14 # 59 35 5 1 0 ##
15 ## # 47 44 5 4 0 ##
16 # 54 41 5 0 0 ##
17 # 57 38 3 2 0 #
18 53 44 2 1 0 #
19 # # 50 42 2 6 0 #
20 61 32 4 3 0 #
21 57 39 1 3 0 #
22 58 40 2 0 0 #
23 # 59 29 11 1 0 #
24 55 41 4 0 0
25 63 34 2 1 0
26 61 36 1 2 0
27 60 37 2 1 0
28 # # 49 43 6 2 0
29 59 37 3 1 0

NG - granulocytic strain;  LY- immunocytic strain;  
#CA-chromosomal aberrations;  ##, ### CA  specific  changes ;   
#- changes in cytoplasm ;  
## - changes in nucleus and cytoplasm; 



Alterations of the DNA material are present in 9 (42%) subjects from Kosovo and 23 (78%)
subjects from the region of Vranje. Specific changes were present in smaller number of
subjects, i.e. in 3 (9%) and 6 (18%) cases, respectively, and they mostly included dicentrics,
as aberration typical for ionizing irradiation effects, infrequently found in general population
and it was not registered in our control group. Non-characteristic changes, such as
chromosomal interruptions and lesions, pericentric inversions and translocation, are found in
both exposed and unexposed subjects with the same incidence rate, ranging from 18 and 20%,
and they may be the result of other causes of lower mutagenic potentials (toxins, viruses,
infections, smoking). Multiple lesions are the most interesting since they are composed of
several different aberrations in a single cell or a number of cells in a single Ly karyotype, and
they are most frequently the result of multifactorial concomitant effects of a number of
different factors. They are most frequently found in the exposed subjects, i.e., in 14 of 50
cases (28%) (Table 3). The difference in number of aberrations and aberrant cells in the
exposed and unexposed subjects is statistically significant (p<0.05), while there was no
difference between the subjects from Kosovo and those from the region of Vranje. Out of the
total number of the examined cells, 0.4% of the cells with aberrations were evidenced in
subjects from Kosovo, i.e., mean value of the aberrant cells was 0.40 i.e., 0.5% in the subjects
from the region of Vranje (mean value 0.50), with only 0.2% in the control group (mean value
0.20). Comparison of these results with those obtained in previous studies conducted in
Serbia, in occupationally exposed individuals working in ionizing irradiation zone, and with
the control group included in the previous study, before commencement of work in the zone,
it may be evidenced that findings in our population from the contaminated regions were
analogous to those evidenced in those occupationally exposed to irradiation, while there was
no significant difference between the control groups.  Mean value of the aberrant cells in the
occupationally exposed individuals is 0.52, while upon the previous examination it was 0.24.
The results were similar in peripheral smear of the blood cells, as well as APL score which is,
also significantly reduced in individuals occupationally exposed to open irradiation sources –
radionuclides. 

Table 3.
INCIDENCE OF CHROMOSOMAL ABERRATIONS

CHROMOS.
ABERRAT.

KOSOVO VRANJE TOTAL CONTROL

N % N % N % N %
DICENTRIC 3 14 6 20 9 18 0 0
INVERSIONS 2 9 7 24 9 18 6 20
MULTIPLE 4 18 10 35 14 28 3 10
TOTAL 9 42 23 78 42 64 9 30

DISCUSSION
Contamination of soil with artificial radionuclides lead to increase of the natural phon and
radioactive contamination of the environment, which results in increased health risk for the
population of the region. The time of onset of the consequences depends on the level of
radioactive contamination and exposure of the population to ionizing irradiation.  The
probability of onset of the disease tends to increase with the time spent in such environment,
which in this specific case indicates the need for rehabilitation of the terrain –



decontamination. Population of the southern Serbia (and Kosovo) is exposed to the risk of
additional irradiation from the depleted uranium, immediately during NATO bombing and
thereafter due to dwelling in the contaminated region since 1999 till know. Immediate effect
of acute radioactive contamination could have been found in the participants of war who had
been in close vicinity of the sites of uranium ammunition effects. In such cases, clinical
picture of acute radiation syndrome would develop. However, subsequent contamination of
the remote inhabitants usually results in relative small doses, and health effects are usually
dependent on time spent in the specific region, i.e., time till decontamination of the terrain.
The risk of the continuous effects of the low doses includes accelerated ageing and greater
probability of development of mutations that may be cause of certain diseases or
malformations, leading to reduced life expectancy of the population in the contaminated
region.  Contamination level evidenced by our results is low, within the small dose range,
incapable to produce evident clinical picture of the irradiation disease (13,14). The diseases
that may develop as a result of mutation are not to be expected within the initial several years
after exposure. Prevention of consequences necessitate identification of the initial biological
effects on the radiosensitive tissues, such as blood cells, cell enzymes and chromosomes. In
spite of the evidenced presence of Uranium 238 in the soil, plants and sporadically even in
urine of certain individuals, it is still impossible to argue that evidenced changes are the direct
consequence of the uranium effects, firstly, due to the small sample and secondly due to the
lack of specificity. Biological markers id uranium excretion, such as urine enzymes and
proteins resulting from lesions of the proximal tubuli (1-3) and specific tests for detection of
DNA defects induced by uranium, capable to take into account inborn radiosensitivity and
reparability (7-10). Nevertheless, concomitant presence of lesions of blood cell organelle,
chromosomes and enzymes in the same individuals (Tables 1 and 2) may be indicative of the
initial effects which need to be followed. Denaturation of the leukocytic lysosomes (toxic
granulation) leading to APL inhibition may be a consequence of ionizing irradiation effects,
but it may also be a consequence of the effects of other toxic materials (chemicals, heavy
metals, etc). Nuclear segmentation disorders are indicative of bone marrow lesions.
Concomitant nuclear and cytoplasmatic lesions may suggest maturation disorders leading to
hematopoesis insufficiency regardless of its cause. Onset of chromosomal aberrations in the
lymphocytes designates approximately increased absorbed dose and higher probability and
development of mutations in any young, sensitive cell. Lesions of lymphocytes and leukocytic
enzymes contribute to immunity impairment and offers the possibility of multiplication of
mutations that are fixed upon division and result in the malignant clones, most frequently in
development of pre-leukemic conditions (13-17). Incidence of the chromosomal aberrations in
our series, evidenced the results characteristic for individuals occupationally exposed to
ionizing irradiation for the prolonged period of time, i.e., they correspond to the maximum
allowed annual dose for the occupationally exposed individuals. These doses are higher from
those legally permissible for general population in our country, but they are not as high as
needed to result in any kind of clinical manifestations (from 20 to 50 mSv) (2,7,13). 



CONCLUSION
The only way of prevention is disabling of mass contamination induced by penetration of
uranium into food chain. The population of the contaminated regions should be subjected to
annual screenings according to the program of the targeted examination aimed at detection of
internal contamination in order to enable early diagnosis and treatment of the diseases. The
particular attention should be paid to children and pregnant women, due to their increased
radiosensitivity.
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