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This paper presents the results of cytogenetic studies in sheep from the region of Bujanovac
that was contaminated by depleted uranium during the NATO air strikes in 1999. The study
was conducted on sheep blood lymphocytes, in order to determine the frequency of chromo-
somal aberrations and to assess the presence of genetic risk as a result of the possible impact of
depleted uranium. Blood samples for lymphocyte cultures were taken at random from the 20
animals of the households in the village of Borovac, near Bujanovac. The animals were chosen
because they were pastured, fed, and watered in the NATO bombing area. With the purpose
of comparing the results two control groups were cytogenetically analyzed, each consisted of
20 sheep from Zemun and Ovca, two northern localities that were not contaminated with de-
pleted uranium. The established structural chromosomal changes were of breaks and gap
types, and their frequencies in sheep of all surveyed localities were within the range of basic
level values that are commonly found in the sheep lymphocyte cultures analyses. Significant
differences are apparent between the values defined in the sheep from Bujanovac compared to
those obtained in the sheep from the northern locality (Zemun), probably as a result of breed-
ing of animals in the farm conditions and their being less exposed to the impact of environ-
mental agents. There were neither elevated values of polyploid and aneuploid cells nor signifi-
cant differences between the sites. According to earlier known data, depleted uranium was
below the detection limit of the method applied both in the soil and feed given to
cytogenetically analyzed animals. Based on the low-level changes that are in the range of the
basic level changes, commonly observed in sheep lymphocytes control cultures, it cannot be
said with certainty that it was depleted uranium that caused the changes, or that it is wide-
spread in the region of Bujanovac.
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INTRODUCTION

The method of cytogenetic analysis of periph-
eral lymphocytes has been used for more than 50 years
to determine the occurrence of increasing frequencies
of chromosomal aberrations, indicating the action of
ionizing radiation. Permissible level of radiation was
also evaluated based on the frequency of chromo-
somal aberrations, with the intention to protect the ex-
posed individuals against the occurrence of significant
genetic changes as well as to protect the gene pool of
populations. In addition to numerous studies of radia-
tion effects in laboratory experiments, the effects of
the low doses of radiation were mostly studied in hu-
mans, occupationally exposed medical workers and

* Corresponding author; e-mail: svetlanafister@yahoo.com

nuclear plant personnel [1-3] but also in animals,
especially after the Chernobyl accident [4-6]. It was
confirmed that chromosomal aberrations in human
lymphocytes [7] as well as in other mammals, provide
sensitive and reliable method for biological dosimetry.
All the cases of individuals exposed to ionizing radia-
tion reveal the elevated frequency of chromosomal ab-
errations in comparison with controls, even when the
doses the organisms were exposed to were lower than
the permissible level [7].

During the military attacks in Serbia and
Montenegro in 1999 about 500,000 depleted uranium
(DU) missiles (3600 kg of uranium oxide of total ac-
tivity of 18.3 -10'° Bq) were fired. Eleven locations in
South Serbia (Bujanovac, Vranje) and Montenegro
had been targeted. The highest contamination mea-
sured in soil of the targeted sites was
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200,000-250,000 BqU/kg soil, and once the sites
were isolated and decontaminated, the soil top layers
of and missile fragments were stored as radioactive
waste [8]. Uranium is a primordial radioactive ele-
ment (half-life 10? years) found in nature as a mixture
of three radioisotopes, with different relative abun-
dance: 23U (99%), 233U (0.71%), and >**U (0.006%).
Itis both chemically toxic and radioactive, and as wa-
ter soluble is easily taken up by plants thus entering
food chains and soil/waters systems. Depleted ura-
nium (0.2-0.3% of 233U) is low radioactive waste ma-
terial, a by-product of uranium processing in nuclear
reactors or production of nuclear weapons. Natural
and depleted uranium are chemically identical, thus
having the same health effects. Depleted uranium
came into military use in the early 70's of the 20" cen-
tury and was used for the first time in the Gulf War in
1991, and later in the wars in the Balkans in 1990 [9].

Health impacts of DU include initial exposure of
the environment, local population and animals due to
DU particles in air after the explosion and to particles
re-suspended from contaminated soils and food/feed,
and long term possible exposure from contaminated
waters, or by dust containing particles with uranium.
Possible cancer effects in humans may appear after the
latency period of one to several decades. Health ef-
fects of deposited DU are due to alpha particles ionis-
ation effects leading to production of reactive oxygen
species. When the concentration of free radicals ex-
ceeds the level that could be controlled by effective an-
tioxidant defense, cell membranes, proteins, lipids and
nucleic acids are possibly damaged [10] provoking a
spectrum of tissue injuries. The effects of depleted
uranium are recognized as oxidative DNA damages,
neoplastic transformations, mutagenic changes, ge-
nome instability, and oncogenesis [11].

Deleterious effects of uranium were studied in
miners [12], occupationally exposed in the weapons
industry, and Gulf War veterans [13].

Some studies of the people in the region of South
Serbia that had been contaminated by depleted ura-
nium, showed the elevated levels of chromosomal ab-
errations and rogue cells [14]. The elevated values of
chromosomal aberrations were found among the peo-
ple living in Bosnian areas contaminated by depleted
uranium [15].

The study of possible health effects in domestic
animals, mostly sheep and cows, reared in area con-
taminated with DU ammunition, began in 2003 and is
still in progress [16-20]. At the same time the soil sam-
ples were tested for the presence of DU, heavy metals,
and other elements, as well as animal food/feed: grass,
wheat, and corn, as well as blood samples from the
same animals [20]. These studies showed the presence
of some indicators of oxidative stress and severe ane-
mia in sheep and cattle from the area of Bujanovac
[16-20].

The aim of this study was to determine the fre-
quency of structural chromosome aberrations and in-

cidence of numerical type changes, polyploid and
aneuploid cells in sheep from the region of Bujanovac
as a possible effect of DU and assess potential genetic
risk from the presence of DU in the region of South
Serbia.

MATERIAL AND METHODS

During the spring of 2005 the blood samples col-
lected from 20 sheep that were randomly assigned to
six different sites in the region of Bujanovac (Borovac
village) in South Serbia.

Blood samples were taken from the jugular vein
of 20 clinically healthy sheep (Merino/Svrljig), 3-6
years old. The animals that were taken to pasture and
had free access to water in the vicinity of air strikes
were randomly selected from 9 households. Blood
samples taken simultaneously from the same animals
were also used for the study of biochemical parameters
and oxidative stress [16, 17, 19, 20]. For the purpose of
comparison, a control group consisted of sheep from
the two northern localities in Serbia, which had not
been directly contaminated by depleted uranium (fig.
1). Blood samples were taken from randomly selected
20 individuals (Merino/Svrljig) from a farm in Zemun,
and 20 sheep (Merino/Svrljig) randomly selected from
10 households in the Ovca village. Blood samples
from the sheep of both control localities were also
taken from the jugular vein. Heparinised blood sam-
ples were taken for the purpose of cytogenetic analy-
sis, and the culture of lymphocytes was set up and the
chromosome preparation was carried out according to
a slightly modified conventional method [21].

Heparinised whole blood samples containing
1.2-10° lymphocytes (usually 0.8 ml of whole blood)
were added to vials with 9.2 ml Parker 199 medium
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Figure 1. Map of Serbia with sampling sites
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containing 30% of inactivated calf serum (Serva) and
0.04 mg/ml phytohaemagglutinine (Welcome), so a fi-
nal count of lymphocytes was 1.2-10%/ml. Cultures
were incubated for 72 hours at 37 °C.

Two hours before harvesting, colcemid (Ciba)
was added to the cultures to achieve a final concentra-
tion of 0.5 pg/ml. After hypotonic treatment (0.075 M
KCl) followed by three repetitive cycles of fixation in
methanol/acetic acid solution (3:1, v/v), centrifugation,
and resuspension, the cell suspension was dropped on
chilled, grease/free microscopic slides, air dried and
stained in 20% Giemsa (Kemika) for 15 minutes. For
each animal, minimum of 100 well/spread mitotic fig-
ures of chromosomes were examined and number of
structural damages of break and gap types and number
of polyploid and aneuploid cells were determinated.

Statistical analysis was performed by ANOVA

test.
O.GW
0.54
RESULTS AND DISCUSSION g
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The results of cytogenetic chromosome analysis g

of sheep from three different localities in Serbia (fig.
1) are presented in tabs. 1 and 2, and figs. 2, 3, and 4.
Structural type changes that were observed in the
sheep from the region of Bujanovac and the other two
studied localities were breaks: the ones of chromatid
and chromosome type (izochromatid breaks) and gaps
(tabs. 1 and 2, figs. 2 and 3). Structural chromosome
changes that results from complex chromosome rear-
rangements were not identified.

The largest number of structural damage (tabs. 1
and 2, figs. 2 and 3) in sheep from the area of
Bujanovac were gaps (fig. 3) and chromatid breaks
(0.57%), while chromosomal breaks were 0.19% (fig.
2). As for the sheep from a farm in Zemun, the north-
ern locality, there were also gaps, i. e., achromatic le-

sions (0.38%) accounted for the largest contribution of
the chromosomal injures (fig. 3). Although the gaps
are not considered as very reliable signs of genetic
damage [22], when this type of lesions occurred with
high frequency there are opinions that it can be seen as
useful indicator of the presence of genotoxic agents in
the environment [23]. In the sheep from a farm in
Zemun, there was 0.19% of chromatid breaks and
0.09% of chromosomal breaks (fig. 2). Significant sta-
tistical difference (p < 0.05) could be observed be-
tween the values of chromatid breaks identified in the
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Figure 2. Frequency of chromatid and chromosome
breaks (in percentage) in sheep from different localities.
Statistical significant differences (p < 0.05) appear when
comparing chromatid breaks in sheep from the region of
Bujanovac and chromatid breaks in the sheep from a
farm in Zemun

Table 1. Detected number of different type of chromosomal changes in sheep from three examined localities
Locality Number of examined Mitoses examined Chromatid | Chromosome | Breaks Gaps Polyploid| Aneuploid
individuals breaks breaks total cells cells
Bujanovac 20 2096 12 4 16 17 32 43
Zemun 20 2074 4 2 6 8 23 30
Ovéa 20 2120 5 4 9 12 26 39

Table 2. Results of cytogenic analysis of sheep lymphocytes (Mean + SE) from three different localities: region of

Bujanovac, a farm in Zemun and the village Ov¢a

Chromatid breaks | Chromosome breaks Gaps Polyploid cells | Aneuploid cells
Mean + SE Mean + SE Mean + SE| Mean + SE Mean + SE
Sheep from the region of Bujanovac 0.6+0.13 0.2+0.09 0.85+£0.15| 1.6+0.26 2.15+£0.34
Sheep from a farm in Zemun 0.2+0.09° 0.1 £0.07 0.4+0.15"| 1.15+0.28 1.5+0.21
Sheep from the village Ovca 0.25+0.1" 0.2+0.09 0.6£0.17 1.3£0.24 1.95+0.34

" Compared with sheep from the region of Bujanovac, statistically significant difference p < 0.05
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Figure 3. Frequency of breaks (total values in
percentage) and gaps (in percentage) in sheep from
different localities. Statistical significant differences

(p <0.05) appear when comparing breaks in sheep from
the region of Bujanovac and breaks in sheep from a farm
in Zemun
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Figure 4. Number of polyploid and aneuploid cells
(in percentage) in sheep from three different localities

sheep from Bujanovac and the sheep from the Zemun
farm (fig. 2). However, there is no significant differ-
ence when it comes to comparing the values expressed
in percentage for the gaps obtained in the sheep at
these two localities. Statistically significant differ-
ences (p <0.05) could be seen in case when mean val-
ues of chromatid breaks are compared between the
sheep from Bujanovac and the sheep from the farm in
Zemun (tab. 2). Statistically significant difference (p <
0.05) also appears when comparing the mean value for
gaps obtained in sheep from these two sites (tab. 2).
It is possible that the somewhat lower frequency
of changes, which was established in sheep from

Zemun, was the result of those animal's breeding
method, because the animals were not taken to pasture
and were not given free access to food and water in the
environment, unlike the sheep of the other two ana-
lyzed sites. So, these animals could have been signifi-
cantly protected from the effects of numerous environ-
mental factors.

As for the sheep coming from northern localities
of Ov¢a, it turned out that most of the structural dam-
ages were also (fig. 3) gaps (0.56%), while chromatid
breaks (0.23%) were more frequent than chromo-
somal breaks, i. e., 0.18% (fig. 2).

Between northern and southern sites, Ovca and
Bujanovac, there was no significant statistical differ-
ence when it comes to the values of frequency of any
type of chromosomal changes, in case their values are
expressed in percentages (figs. 2 and 3). However,
considering the mean values, there was a certain dif-
ference between the values of chromatid breaks in the
sheep from Bujanovac and chromatid breaks in the
sheep from Ovca village (tab. 2). No statistically sig-
nificant differences were obtained when the structural
changes found in the sheep from Ovéa were compared
to the changes defined in the sheep from Zemun (tab.
2, figs. 2 and 3).

There were no statistically significant differ-
ences in the number of polyploid and aneuploid cells
in ovine lymphocyte cultures of sheep from the differ-
ent tested sites: Bujanovac, Zemun, and Ov¢a (tab. 2,
fig. 4), which indicated a disturbance in regulation of
cell division and a possible carcinogenic effect.

A relatively low frequency of breaks and gaps
was established in the sheep at all of three localities.
There were no statistically significant differences be-
tween the sites of Bujanovac and Ov¢a, or between
Zemun and Ov¢a, regarding the comparison of pre-
sented percentages of detected chromosomal dam-
ages. As for the control cultures of sheep lymphocytes,
the obtained values can be higher than those estab-
lished in the sheep from Bujanovac [24, 25].

The values obtained from break and gap fre-
quencies, as well as the possible occurrence of other
re-arrangements in the controls of lymphocyte cul-
tures, can be affected by the activity of different chem-
ical agents that are more or less present in the environ-
ment, but also by the influence of internal factors
inherent to specific genetic structures, which can be
different in various species and breeds of animals.
Some of them are: aging, inbreeding, and other related
internal and environmental factors [1, 14] such as the
presence of viral infections [26]. Thus, the basic level
of changes can vary, both in the laboratory animals,
and — even to a higher degree, in organisms from the
environment [27, 28]. In our opinion, only higher val-
ues of changes than those detected in this work could
clearly indicate the presence and action of genotoxic
agents, or a specific agent, on the organisms in the nat-
ural environment, regardless of whether it is a chemi-
cal substance or radiation.
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As for the sites exposed to war and DU contami-
nation in South Serbia and Bosnia, except for some of
the performed research dealing with humans [14, 15],
no data of cytogenetic testing on animals were done.

According to the findings of the frequencies of
breaks and gaps in the areas contaminated with DU in
Bosnia [15], the frequency of chromatid and chromo-
some breaks that we defined in the sheep from
Bujanovac, was similar to the incidence of these
changes in the region of Sarajevo, which had not been
directly exposed to DU contamination.

The given results do not show an increase in the
number of polyploid and aneuploid mitosis in sheep
lymphocyte cells. In addition no statistically signifi-
cant differences were found in the process of compar-
ing the values obtained in analyzing the animals from
different localities; It is to be noted that some
polyploid cells that can normally be seen in a lympho-
cyte cultures and aneuploid mitoses may also occur as
a result of the method of chromosome preparation.

Some signs of oxidative stress and anemia,
which were obvious in the analyses of the animals
from the area of Bujanovac [16-20] and a slightly ele-
vated frequency of chromosomal changes, such as
breaks and gaps found in sheep, might have been
caused by some different influences and by other
genotoxic agents that are present in trace amounts in
the environment.

In the vicinity of Bujanovac, where the sheep
subjected to cytogenetic analysis were farmed, as a re-
sult of anthropogenic pollution, which is common in
the environment, and where a combustion of fossil fu-
els, oil products, fertilizers, pesticides, efc. takes
place, the elevated concentrations of heavy metals
were found, especially Cd, Hg, and Pb, in both soil and
feed [20]. The analysis showed that the content of Pb
and Hg in the feed of animals that were subjected to
cytogenetic analysis, although below the national per-
mitted level was still high, while the content of Cd ex-
ceeded the permitted limit [20]. The content of Cd was
highly elevated, most notably in wheat [20]. The use of
phosphate fertilizers and burning of fossil fuels are
cited as the possible cause of this phenomenon [20].
Apart from being highly reactive and toxic, it was con-
firmed that cadmium possesses genotoxic properties
[29-31]. Fertilizers and smelting of zinc and lead can
also enrich soil with cadmium. In addition to high con-
tents of cadmium, some studies [32] revealed the in-
creasing contamination by lead, zinc and arsenic in the
southern regions of Serbia. The analyses performed in
2005 [20] showed that grass included the lead concen-
trations that were at least an order of magnitude greater
than those of cadmium and mercury, but still below the
permissible levels. Many researches also point out a
genotoxic potential of mercury [29] and lead [29, 30,
33]. However, detoxification of lead by adult animals
is more efficient and lead is less harmful for essential
physiological functions than cadmium or mercury.

Considering the possible effects of depleted ura-
nium, it has to be pointed out that the official report
[34] regarding the level of radioactivity in Serbia
stated that there were no elevated levels of natural and
anthropogenic radionuclides in aerosols, soils, plants,
food, food feed, drinking water, and rivers. The results
of measured radioactivity in the exposed area indicate
that although the region had been exposed to DU am-
munition, it did not affect the soil and food signifi-
cantly, mainly due to the fact that the contamination
was limited to the target places or shells did not ex-
plode and therefore, possible contamination can only
be related to the effect of corrosion [8, 34-36]. The
study on the environmental radioactivity level in 2005
[37] showed no evidence of DU contamination, since
the ratio of uranium isotopes confirmed its natural ori-
gins. However, the previous studies showed a higher
content of Chernobyl originated cesium in vegetation
than in other parts of the country [37]. Studies of the
trace elements in the blood of domestic animals, cows
and sheep in the region of Bujanovac, as well as the
content of natural and anthropogenic radionuclides
and some heavy metals in feed [20], also showed that
the activities of natural radionuclides in feeds were
within the average values reported for the region,
while the activities of 2!°Pb and 2*323%U were below
the limit of detection. This is in accordance with the
previous researches revealing no widespread contami-
nation by depleted uranium in the area of Bujanovac
[35-37].

The results of cytogenetic analyses indicate that
in spite of a slightly higher frequency of chromatid
breaks in the sheep from Bujanovac, compared with
the level of those changes in the sheep from other lo-
calities (fig. 2, tab. 2), this value was in the range of ba-
sic values that are usually observed in control cultures
of sheep blood lymphocytes [24, 25].

Therefore, it cannot be confirmed that DU con-
tributed to creation of these chromosomal damage
identified. All other values of the frequency of struc-
tural changes in sheep that were obtained at
Bujanovac, Zemun, and Ov¢a locations, were placed
in the range of values normally found in control cul-
tures of sheep lymphocytes [24, 25], i. e., the values of
basic changes, which vary considerably, both in hu-
mans [7] and in animals [27, 28].

It seems more likely that the variation of the fre-
quency of base level changes is caused by different en-
vironmental impacts or their additive effect. In doing
so, we should not neglect the above analysis of the soil
and feed in the region of Bujanovac [20, 37] and iden-
tified elevated Cd content in feeds, high levels of Pb
and Hg, although below the permissible limit, as well
as other external and possible internal factors[1, 26].

The results presented neither the elevated levels
of polyploid and aneuploid cells in the sheep of the re-
gion of Bujanovac, in comparison to other two ana-
lyzed localities — Zemun and Ov¢a, nor significant sta-
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tistical differences between the values of these
changes, the ones that might indicate the possible car-
cinogenic effect.

Thus, the results of cytogenetic analysis could
not fully confirm that the low value of chromosomal
changes (within the basic level of changes) in the
sheep of Bujanovac area was caused by the presence
and activity of depleted uranium. The mentioned re-
sults are much more consistent with the data obtained
by researches [8, 20, 34-37] that revealed no sign of
widespread contamination by depleted uranium in the
mentioned area.

CONCLUSIONS

Chromosome structural changes that were the
subject of the analysis carried out on sheep from the re-
gion of Bujanovac contaminated with DU during
NATO air strikes in 1999, and on sheep belonging to
other two analyzed control localities (Zemun and Ov¢a)
revealed breaks of chromatid and chromosome type
(izochromatid breaks) and gaps. Structural chromo-
some changes that result from complex chromosome
rearrangements were not identified. The results of
cytogenetic analysis, in spite of statistically significant
differences (p < 0.05) that appear in comparison be-
tween the locality of Bujanovac and a northern locality
of Zemun, show the frequency of breaks (and gaps) in
the sheep of all examined localities within the range of
basic level changes (normally occuring in the sheep
control cultures). It is assumed that lower frequency of
breaks (and gaps) observed in the sheep from Zemun
farm was mainly due to the method of breeding, as these
animals were less exposed to the agents always present
in the environment which was not the case with the
sheep from the households of Ov¢a and Bujanovac. The
results did not show any elevated level of polyploid and
aneuploid cells in the sheep from the region of
Bujanovac in comparison to other two analyzed locali-
ties — Zemun and Ov¢a. In addition, there were no sig-
nificant statistical differences between the values of
these changes, the ones that might indicate potential
carcinogenic effect. The value of the frequency of chro-
mosomal breaks and gaps found in the sheep from
Bujanovac was within the range of basic values, which
are changeable, while the previous studies revealed that
DU was not detected in the soil and feed for animals (the
ones that were the subject of this cytogenetic analysis),
but it was confirmed that the content of Cd was above
the permitted level, and that the content of Pb and Hg
was elevated, although within the permissible limits.
The cytogenetic analysis of blood lymphocytes of the
sheep from the region of Bujanovac did not show any
increased frequency of chromosomal aberrations that
might provide a more profound indication of the action
and widespread presence of DU.
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Cgernana JI. DUIITEP, CaaBomyo 3. JOBUh

YYECTAJIOCT XPOMO30OMCKUX ABEPAIIMJA KO OBAIIA CA
NNOAPYYJA 3ATAGKEHOI' OCUPOMAINIEHNM YPAHUJYMOM 3A
BPEME HATO BOMBAPIOBAIbA 1999

Y oBOM pajly IpHKa3aHU Cy pe3yaTaTd IUTOT€HETCKOT UCTpaXkBamba Ha OBLaMa ca Mojpydja
ByjaHoBna Koje je 6uio 3arabeHo ocupomaiennM ypauujymom (1Y) 3a speme HATO GombaprioBama
1999 ropuue. Cryauja je cmpoBefeHa Ha TuM(OLUTAMA KPBH OBalja Kako OM ce YyTBPAWIA yIecTaloCT
XPOMO30OMCKHX abepanyja W TPOLEHWIO TNPHCYCTBO Te€HETHMYKOr pU3MKa Kao mociepuia Moryher
penoBamwa [1Y. Y3opuu KpBU 3a KynTypy JUMQOLUTA Y3€TU Cy MO MPHUHIUIY CIydyajHOr y3opka of 20
KUBOTHH-A U3 loMahuHCTBa y cely Boposar y Onusunn ByjaHoBIa, a JKUBOTHEE CY offabpaHe jep cy
BobeHe Ha malry, XxpaHuse ce u nojuiie Ha noapyydjy HATO 6omGapaoBama. Pagu nopebemwa pesynrara,
IIITOTCHETCKU Cy aHAIM3WpaHe ABE KOHTPOJIHE rpyne of mo 20 oBama ca fABa ceBepHA JIOKANUTETA: U3
3emyHa 1 OBue, Koja Hucy Ouna 3arabeHna J1Y. Y cTaHOBIbEHE Cy CTPYKTYPHE XPOMO30MCKE TPOMEHE TUIa
ramna U IMpeKuja, a BbUXOoBa YUeCTAIOCT KOJ| OBalja Ca CBUX UCHUTAHMX JIOKAJIUTETa je OUNa y OKBUPY
OCHOBHOT' HHBOA BPEHOCTU KOje ce yoOudajeHO Hajla3e y KOHTpoJlaMa KyATypa JoMcoIUTa OBala.
CraTucTHUKY 3HavajHe pa3iuKe cy ce jaBuiie udmeby BpegHoctn 3abenesxkenux Koj oBana u3 byjanosna y
nopebemy ca BpeHOCTHMA HOOUjeHIM KOJ] OBaIa jefHOT CeBEPHOT JIoKanuTeTa (3eMyH), BepOBaTHO Kao
nocjeguna caMor HaurHa rajesa Ha (papMU U BUXOBE Mambe U3JI0KEHOCTH YTHUIAjy areHaca CIoJballhbe
cpenuHe. Hucy ycTaHOBIbEHE MOBHUILIEHE BPEHOCTHU MOJTUITIONAHUX U aHEYIIJIOUAHUX henuja, HUTH ¢y ce
jaBuile CTaTHUCTHYKE 3HaYajHE pa3nnke udmeby nokanurera. [Ipema panujum nogaunma, 1Y je 6uo ncnop
TpaHulle JeTEeKlUje NpHMEHEHE METOfEe Yy 3EMJBUINTY W XpaHU KoOja je J[aBaHa IUTOreHETCKU
aHaNIM3MpaHUM XHUBOTHHaMa. Ha OCHOBY HHMCKOr HHBOA IPOMEHA KOjHU je Yy OICery HUBOA OCHOBHHX
IpOMeHa Koje ce yoOU4ajeHO youaBajy y KOHTPOJIHHM KyJITypama JoMgonuTa oBala, He MOXe ce ca
curypHouthy norBpauTu ja je 1Y u3a3Bao oBe IpOMEHE, HUTU fia je HIMPOKO PaclpOCTalEeH Y PETHOHY
Byjanosma.

Kwyune peuu: ocupomauienu ypauujym, 08uya, Xxpomo3omcka abepayuja, upekuo u 2ai,
HATO Hatiao 1999, Byjanosay,




