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Abstract:

Introduction/purpose: Decades of dealing with unexploded ordnance (UXO)
in some areas of the Republic of Serbia have confirmed that it presents a
substantial hazard to the security of people, property, and the environment.
Even though the terrain has been cleaned, various threats from difficult-to-
find UXO components remain serious. Inadequate systemic solutions for
UXO management can have significant harmful consequences.
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Methods: Based on the spatial distribution analysis and different UXO types
and quantities, this article studies the effects of dangerous components of
unexploded ordnance on human lives and the environment. Two different
geospatial analyses were performed including the guidelines for risk
management through risk elimination based on multiple criteria, the GIS,
and the Remote Sensing analysis.

Results: Two different geospatial analyses resulted in the areas at high risk
of remaining UXO.

Conclusion: The article significantly contributes to creating an
environmental risk management strategy for UXO-contaminated regions. It
presents an effective technique for addressing risk assessment challenges
in such sites. The analysis considers both risk analysis and environmental
protection options. Using the multi-criteria analysis and the GIS, it estimates
the exposure of built structures, people, soil types, and plant species to
UXO dangers in key locations. This paper serves as a guideline for
environmental risk assessment.

Keywords: UXO, risk management, environmental protection, security,
geospatial analysis.

Introduction

The Republic of Serbia has been facing the problem of unexploded
ordnance (UXO)! remaining on its territory as a legacy of modern armed
conflicts. Removing and destroying UXO should be considered a practical
security task, as it entails reducing explosive ordnance and devices to a
form in which they can no longer perform their intended lethal function.
The detection and removal of UXO have become an increasingly urgent
problem.

On the one hand, there is a need to reduce risks to the population and
the environment from the explosion. On the other hand, the likelihood of
unwanted accidents increase over time due to various physical and
chemical processes in UXO, increasing the risk and possibility of
extremely negative consequences on the environment and humans. The
effects of UXO containing depleted uranium are not territorially or
temporally limited; they cause far-reaching impacts on both friendly and
hostile military and civilian targets, contaminating the air, land, and water,
thus indirectly entering the food chain of living beings. Contamination
extends to places that have not been directly impacted by armed conflicts.
U-234, U-235, and U-238 are three isotopes of natural uranium that differ

1 The widely established term unexploded ordnance (UXO) will continue to be used further

on.
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only in nuclear properties. Since uranium is a radioactive element, it emits
atomic radiation when it decomposes in the environment. The chemical
properties of depleted uranium (DU) are identical to those of natural
uranium; however, it has much fewer isotopes than U-235 (0.2%)
(McLaughlin et al, 2003). It is a low-level radioactive waste element as a
by-product of uranium processing for nuclear reactors and weapons.

UXO does not contain only depleted uranium which was used during
the bombing campaign against the Republic of Serbia in 1999 (Orlic,
2000). First and foremost, the impact of explosive charges (certain types
of explosives) must be considered during detonation (explosion). The
explosive charge compositions vary depending on the UXO manufacturer
although they mainly contain highly destructive explosives (high
explosives). TNT is the most common one; smaller charges may use more
powerful explosives (such as tetryl) or other types (Cauderay, 1993).
Explosive charges come in various weights depending on the type and
function of a projectile (Orli¢, 2000). Ammunition with higher explosive
content harms technical equipment and results in more human resource
losses. It does not only harm human health by inflicting physical damage
(loss of limbs, loss of sight and hearing, etc.), but it also damages the
environment by destroying pedological and geological substrates, causing
ecological damage, and alike.

As a by-product of nuclear technology, depleted uranium is classified
as low-level radioactive waste (Sahoo et al, 2004) and is mainly disposed
of in specialized landfills. Since DU is increasingly used for military and
civilian purposes, there is a significant increase in radiotoxicity and
chemotoxicity to humans and the environment. Evaluating the depleted
uranium impact implications on the environment and individuals is
contentious (Orli¢, 2000).

Representatives of Western countries' official military and state
institutions reduce the potential for damage, stating that uranium is already
present in the natural environment and that its increase due to weapons
with depleted uranium is insignificant and geographically variable (Popovic
et al, 2008). In contrast, non-official organizations, such as US military
veterans' associations or environmental movements, often draw harsh
conclusions (Popovic et al, 2008). One of the purposes of this research is
to show possible acute and subsequent geospatial consequences for the
environment using the multi-criteria GIS analysis.

Considering the time that has passed and the fact that the
contaminated sites have been cleared for years, it is not likely that the
national radioactivity monitoring would reveal substantial quantities of
depleted uranium in the environment. Estimating the risk of unexploded
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ordnance to the environment, contamination, mobility, and the possibility
of depleted uranium being absorbed into diverse inorganic or organic
substrates is crucial for future research.

Several research groups in Serbia have examined depleted uranium
contamination, primarily through the Ministry of Education, Science, and
Technological Development - funded scientific research programs, and,
during remediation initiatives in southern Serbia, international cooperation
has been achieved (Popovic et al, 2008). Since 2011, radioactivity
management (owing to the environmental samples from the places where
depleted uranium ammunition was used) has been mandated as part of
the national monitoring program for radioactivity. Depending on needs,
additional research should consider analytical techniques with higher
sensitivity, such as high-resolution mass spectrometry and other more
advanced physicochemical methods. Past analyses do not indicate
significant deviations from natural variations in the uranium isotope content
and ratios. The research might lead to a better understanding of the
speciation and mobility of depleted uranium in the environment. Results
that show the current or permanent threat of UXO can be obtained using
the multi-criteria data analysis and GIS techniques. The effects of the
endangerment of subsurface and surface water sources, soil, and other
resources were derived based on the geo-ecological features of the
studied area. The number of endangered residents can be estimated
based on the facilities in the analyzed region at a specified distance from
the contaminated sites (Popovic et al, 2008).

The term ‘unexploded ordnance’ is defined by the majority of experts
in the field as "means equipped with military explosives that did not
explode or function as intended, which includes military ammunition, anti-
tank and anti-personnel mines, water mines, bombs, rockets, mortar
shells, artillery shells, hand grenades or rocket-propelled grenades, and
missiles or rocket-propelled grenades" (Landmine Action, 2002; The
Geneva International Centre for Humanitarian Demining, 2019; Martin et
al, 2019; Australian Government, Defence, 2020; Government of Canada,
2021).

Remote sensing is becoming an increasingly necessary and
inescapable means of space data collection for military purposes. Along
with monitoring and documenting the condition of diverse natural and
social phenomena, all satellite primary missions and programs can
effectively complete increasingly complex duties associated with military
actions (Regodi¢, 2008). The GIS is critical for data management
concerning geographic areas (environmental changes) and is one of the
most promising research methodologies and information technologies.
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Evelyn Pruit's (1960) definition of remote sensing was: "Remote sensing
is a technigue for acquiring data via systems that are not in direct physical
touch with the event or item being studied" (Salomonson, 2014). GIS maps
enable the integration and updating of vast volumes of data. This
procedure is critical for safety purposes while testing for possible UXO.

Materials and methods

According to the research by the Demining Center of Serbia, it is
estimated that the territory of the Republic of Serbia contaminated by UXO
covers approximately 25 km? (Republika Srbija, Centar za Razminiranje,
2022). The area cleared of cluster bombs following international standards
has grown to 11.6 km2. Using the data on the sites effectively cleaned in
the areas of Bujanovac (Table 1), PreSevo (Table 2), and the airport
complexes in the vicinity of Sjenica (Table 3), researchers may estimate
the level of contamination and the probability of severe environmental
impacts.

Table 1 — Overview of the UXO removed from the Bujanovac Municipality (Republika
Srbija, Centar za Razminiranje, 2022)

Tabnuya 1 - Ocmomp Hepa3opeaswiuxcsi boernpunacos, 8bI8€3eHHbIX U3
myHuyunanumema bysHosay (Pecnybnuka Cepbus, LleHmp pa3amuHuposaHus, 2022
200)

Tabena 1 — lNpeaned HeekcrnodupaHux ybojHUX cpedcmasa yKIoHeHUX ca mepumopuje
onwmunHe byjanosay (Republika Srbija, Centar za razminiranje, 2022)

Type and quantity of
means

1 |,Borovac-3“ Bujanovac 0.102 BLU 97 -1 pc

BLU 97 -1 pc

2 |,Borovac-4“ Bujanovac 0.109 UXO (missile) -1 pc
Fragment of KM -1 pc
TMA -10 pcs

Artillery shell fuzes-3 pcs
3 |, Turijska brda“ -Bujanovac 0.389 RB -1 pc

155 mm artillery shell -1
pc

PMA-2 -3 pcs

4 |,Bujanovac sever” Bujanovac 0.276 Hand grenade M52P3 -1
pc

5 |,Bujanovac sever” Bujanovac 0.145 PMA-2 -5 pcs

PMA-1 -3 pcs

PMR-2A -1 pc

S.No.|Locality name Area (km?)

6 |[,Bujanovac sever” Bujanovac 0.071
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,Bujanovac sever* Bujanovac

0.114

PMA-2 -5 pcs
RB -1 pc
Mb bomb -1pc
RB -1 pc

,Dobrosin® Bujanovac

0.220

PMA-2 -6
RB -1 pc
PMR-2A -3 pcs
RB -1 pc

,Lu€ane" Bujanovac

0.073

UXO -10
RB -1 pc
762 mm rounds -1.341
RB -1 pc

10

»1S Bujanovac — TS Berivojce® Bujanovac

0.018

PMA -2
RB -1 pc

11

»,Konculj-Singerit“ Bujanovac

0.199

PMA -20
RB -1 pc

12

»1S Bujanovac — TS Berivojce® Bujanovac

0.002

i

13

»Konculj-Singerit 1“ Bujanovac

0.269

TMA-5 -1 pc

RB 1 pc

Projectiles for RRB M79 -
9
RB 1 pc
Ammunition -1.577
RB -1 pc

14

Turijsko brdo

0.076

Anti-personnel mines -4
RB -1 pc

15

Bogdanovac 1

0.113

MK-4 -12
RB -1 pc

16

Bogdanovac 2

0.146

MK-4 -14
RB -1 pc

17

Jastrebac 1

0.114

MK-4 -13
RB -1 pc

18

Jastrebac 2

0.155

MK-4 -8
RB -1 pc

19

Karadnik

0.123

BLU97A/B -10
RB -1 pc
UXO -5

RB -1 pc

20

Sebrat

0.176

MK-4 -36
RB -1 pc
UXO -1pc
RB -1 pc
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BLU97A/B -68
RB -1 pc
UXO -15
RB -1 pc

21 |Borovac 1 0.060

BLU97A/B - 28
RB -1 pc
UXO -56
RB -1 pc

22 |Borovac 2 0.088

PMA2 -14
RB -1 pc
RB -1 pc
RB -1 pc

23 |Bujanovac 1.179

Fragments of AB-6
RB -1 pc

Fragments of UXO -5
RB -1 pc

24 |Rafatova ¢esma 0.092

Note: KM - cluster munition; RB, PMA2, BLU97A/B, MK -4, TMA, PMR-2A - different
types of cluster bombs, AB - air bomb, MbM - mortar shell, UXO - unexploded ordnance

Over two decades after the bombing of Serbia, the issue of explosive
remnants of war still exists. Even in the cleared areas, there is a chance that
UXO will be detected. Such a situation presents an exceptional danger to
both residents and employees (in construction of roads, housing, tourism,
industrial and other infrastructure, etc.). Serbia faces numerous demining
issues, and the pace at which they are resolved is contingent on the
availability of financial funds for demining, among other things. Since 2002,
the Demining Center has performed these functions primarily as an
autonomous governmental entity but with significant assistance from foreign
organizations and funders. Besides that, reconnaissance of areas
suspected of being contaminated with cluster bombs, mines, and other UXO
is being carried out to reduce the environmental threat. Additionally,
demining projects are being created, and funds are being supplied for their
execution. The quality of demining is monitored, international cooperation is
conducted, international standards and agreements are implemented, etc.
(Republika Srbija, Centar za razminiranje, 2022).

However, the repeated reference to war remnants must not obscure
the reality that some areas are also contaminated with ammunition
dispersed and buried after explosions in manufacturing units and
warehouses or burglaries into ammunition depots. Quantities of unexploded
ordnance (whether in warehouses or dispersed) are not the data that may
be made widely accessible. The given data is accessible to selected
structures to carry out important projects for the clearance of UXO from the
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designated sites. As a result of these findings, there is a reasonable
assumption that different forms of UXO are, after fires and explosions at
military storage and manufacturing units (in the cities of Paracéin, Kraljevo,
Vranje, and Cacgak), currently being discovered outside military facilities over
an area of about 13.5 km?,

Table 2 — Overview of the UXO removed from the Presevo Municipality (Republika Srbija,

Centar za Razminiranje, 2022)
Tabnuua 2 — Ocmomp Hepa3opsgasuwiuxcsi 6oernpunacos, 8bI8E3eHHbIX U3

myHuyunanumema [lpeweso (Pecnybnuka Cepbus, Llenmp pa3muHuposaHusi, 2022 200)

Tabena 2 — lNpeaned HeekcrnnodupaHux ybojHUX cpedcmasa yKIoHeHUX ca mepumopuje
onwmuHe lNpeweso (Republika Srbija, Centar za razminiranje, 2022)

No. Locality name Area (in km?) Type and quantity of means
1 Bustranje 0.205 KM -48 pcs
2 Bustranje - Deren 0.148 KM-9 pcs
3 Satkin Vir 0.129 fragments of KM
4 Satkin Vir 1 0.100 KM-2 pcs
5oL\ 0.032 KM-1 pc

5 Satkin Vir 2 AB -1 pc

. . 0.244 KM-25 pcs
6 Reljan Brezov¢ani UXO -6 pcs
7 Satkin Vir 3 0.118 fragments of KM
8 Pec&eno - school 0.088 "
9 Cerevajka 1 0.165 MbM -1 pc

. 0.106 MbM -2 pcs

10 Cerevajka 2 Fragments of KM-4 pcs

Note: KM - cluster munition, AB - air bomb, MbM - mortar shell, UXO - unexploded
ordnance

Table 1, Table 2, and Table 3 list the UXO types reported in the
Presevo, Sjenica, and Bujanovac zones. A total of 4.232 km? was cleaned
in the Bujanovac area. In the municipality of PreSevo, the demining
procedure covered 1.334 km? of the territory. In the municipality of Sjenica,
the region around the airport complex was cleaned during the last four
years.

NATO forces launched approximately 15,000 large projectiles on the
territory of the former Yugoslavia (Bozanic et al, 2018). Unguided and
guided air bombs and missiles from various combat systems amounted to
approximately 25,000 tons, with 1,660 cluster bombs, dispensaries
containing about 330,000 cluster bombs and more than 50,000 pieces of
depleted uranium ammunition (Pamucar et al, 2011). Depleted uranium is
radioactive, a health hazard, and a persistent contaminant of the
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environment. Several hundred locations were bombed during the NATO air
raids in 16 municipalities in Serbia, not including Kosovo and Metohija (City
of Ni§ - Mediana and Crveni Krst, Kraljevo, Brus, PreSevo, Bujanovac,
KurSumlija, Raska, Gadzin Han, Tutin, Sjenica, Cacak, Vladimirci, Kni¢,
Stara Pazova, and Sopot) (Pamucar et al, 2011; Bozanic et al, 2018).

Table 3 — Overview of the UXO removed from the areas of the airport complex in the
Sjenica region (Republika Srbija, Centar za Razminiranje, 2022)

Tabnuuya 3 — Ocmomp Hepa3opsgasuwiuxcsi boenpunacos, 8bIBE3EHHbIX C Meppumopuu
aspodpoMHO20 Komrrekca 8 peauoHe CoeHuua (Pecriybniuka Cepbus, Llenmp
pa3muHuposaHusi, 2022 200)

Tabena 3 — lNpeaned HeekcrnnodupaHux ybojHUX cpedcmasa yKoHeHUX ca nodpydja
aepoodpomckoe komrnekca y peauoHy CjeHuya (Republika Srbija, Centar za razminiranje,

2022)
No. Locality name Year Type and quantity of means
1 2018. Cluster bomb-29 pcs
Cluster bomb-71 pcs
2 . . . 2019. I -
The airport in the region of gsu;trir :rct)mebr bgﬁ:ﬁf [Z:cs
Sjenica y P
Cluster bomb-72 pcs
3 2020. Air bomb MK-82 -1 pc
80 mm artillery shell -1 pc

Table 4 — Remaining cluster ammunition in the Bujanovac Municipality (Republika Srbija,
Centar za Razminiranje, 2022)
Tabnuua 4 — Ocmaswuecsi kKaccemHble boenpunackl 8 MyHuyunanumeme bysHosay,
(Pecnybnuka Cepbusi, LileHmp pasmuHuposgaHusi, 2022 200)
Tabena 4 — lNpeocmana kacemHa myHuyuja y onwmuHu byjaHosay, (Republika Srbija,
Centar za razminiranje, 2022)

Populated Name of the | Number of Size of the
No. | District | Municipality P suspected suspected suspected
place 2
area areas area (km?)
1 P¢injski | Bujanovac Borovac Borovac 5 1 0.281
IN TOTAL 1 0.281

The remaining mine problems in Bujanovac

Name of the | Number of Size of the

No. | District | Municipality Populated suspected tsuspected suspected
place e
area areas area (km?)
1 P¢&injski | Bujanovac Dobrosin Dobrosin 1 1 0.028
2 P¢injski | Bujanovac Konculj Tustica 1 0.144
3 P¢injski | Bujanovac ga\v/_n 0 Dordevac 1 0.390
ucje
IN TOTAL 3 0.562
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The study emphasizes the municipality of Bujanovac since it is an area
that, according to the most recent official data from the Serbian Demining
Center, is primarily contaminated with UXO and demands special attention
(Table 4).

Research area

The research area is in the Bujanovac municipality near Borovac, the
regional Juzna Morava River and the JUG military base. The area
encompasses 87.05 km? and is located within UTM 34n 555335.402,
4690210.743 and 564706.827, 4699481.616 coordinates. Three analyses
have been performed within this area (Fig. 1). Borovac is a settlement in
Serbia in the municipality of Bujanovac in the P¢inja district. According to
the 2011 census, its population was 166 people (Republika Srbija,
Republi¢ki zavod za statistiku Srbije, 2023). In 2002, there were 214
inhabitants. According to the 1991 census (before the bombing), the
population was 267. It is essentially an adult population. Only 44 homes
have remained in the community, fewer than in the previous census (61 in
2002), and the average number of people per household is 3.77 (Republika
Srbija, Republi¢ki zavod za statistiku Srbije, 2023). Serbs predominantly
populate this village, and a reduction in the number of residents was seen
in the past three censuses. During the air raids on Serbia in 1999, Borovac
was heavily bombed. In certain instances, using depleted uranium led to the
relocation of the inhabitants on a large scale, and some were directly or
indirectly killed.

Input data

The current situation with UXO (types and quantities) in the Republic
of Serbia can be discovered through the multi-criteria data analysis. The
content of the documents was examined based on national and international
legal regulations concerning UXO risk management. The comparison
method demonstrates the crucial distinction in comprehending the need for
protection and adequate risk management of residual UXO containing
depleted uranium. The GIS analysis is fundamental in the areas with such
a significant time and space framework in which this study is conducted. The
spatial dispersion of harmful consequences on environmental and human
health is not depicted.

Different sets of geospatial data were used to perform a spatial analysis
of the potential diffusion of the extension of the UXO impact on the
environment:

e Digital Elevation Model (DEM): A DEM with 4.4 m vertical accuracy
(Tadono et al, 2016) and 22.45 m spatial resolution was chosen as elevation
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data. The initial data for completing a hydrographic analysis to extract
watersheds and watercourses was the JAXA ALOS Global Digital Surface
Model AW3D30 (Eorc.Jaxa, 2019). TauDEM 5.3 (Tarboton et al, 2015) was
used for a terrain analysis to delineate watersheds and extract
watercourses.

e Land Cover is created using multispectral satellite imagery: Sentinel
2 satellite imagery was downloaded from Copernicus Sci-Hub (Copernicus,
2020) to create a land cover map using the Dzetsaka classification plugin
(Karasiak, 2016) in QGis (QGIS, 2022). The research used Sentinel 2 S2B
MSIL2A 20210913T093029 NO0O301 R136 T34TEN 20210913T114013
cloud-free imagery collected on September 13th, 2021. Satellite data was
analyzed and classified using 10m red, green, blue, and near-infrared
bands. The Random Forest machine learning algorithm classified five
classes from satellite imagery: developed, barren, forest, pastures, and
planted/cultivated areas. The Random Forest supervised classification
necessitates the creation of a comprehensive and precise training zone
selection for each class (Mas & Flores, 2008; Duro et al, 2012; Poti¢ & Potic,
2017; Poti¢ et al, 2017). Regression is used as a pixel-based supervised
learning task to model and predict variables where numerical true ground
values are provided for the research area. Regression trees (decision trees)
are used to classify satellite data, iteratively separating the dataset into
distinct branches and maximizing the information gained to understand
nonlinear correlations. The Random Forest classifier classifies data with
high accuracy using classification trees. The accuracy assessment is
performed by generating the error matrix in the Semi-Automatic
Classification Plugin (Congedo, 2021) in QGis (QGIS, 2022), which is
provided as a table that compares reference data (i.e., ground truth data)
with map information for several sample areas to ensure the quality of the
classification (Congalton & Green, 2019). Twenty randomly selected points
are obtained for each class to finalize the accuracy assessment. Overall
accuracy is the ratio of correctly classified samples to total sample units
(Congalton & Green, 2019). The Kappa analysis is a discrete multivariate
technique for detecting whether two error matrices differ statistically
(Plackett, 1976; Congalton & Green, 2019). High-resolution imagery from
Google Earth Pro (Google Earth, 2020) and downloadable Sentinel 2 colour
and false-colour composites were used to ensure the quality of the accuracy
evaluation points.

e Google Earth Pro (Google Earth, 2020) was used to collect
additional data, with all watercourses enclosed by a 1-kilometer buffer zone
around four UXO locations corrected and updated. Furthermore, the same
software is used for digitizing topographic labels and all buildings within a 1-
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kilometer buffer zone. The buffer zone for building collection was created as
a 1-kilometer 3D distance from the main four UXO drainage streams.

Results

The first analysis for the entire research area consists of delineating
watersheds, creating streams and drainage paths from four UXO locations
(Fig. 1), and performing a land cover (LC) classification (Fig. 2). When of
adequate quality, groundwater is a resource initially considered in all water
supply evaluations to settlements. However, subsurface waters have a very
tight relationship with surface waters, and they most commonly share their
fate in quantity and quality. Significantly, when soil is contaminated with
UXO and drainage systems contain contaminating particles (for example,
depleted uranium), they affect groundwater quality and, belonging to
multiple catchments, go to other watersheds. Therefore, risk assessment
and environmental management (land and water) are crucial. Groundwater
and surface water contamination are long-term concerns, mainly if we are
talking about increasing water radioactivity.

o
drainage path = drainage network () 4-UXO 1 km buffer uxo:
+__bulldings watershed L) drainage network 1 km buffer @ 1-4

Figure 1 — Research area (source: Figure 2 — Land cover of the research area
Sentinel 2 (ESA, 2020) and Google Puc. 2 — 3emnsHol nokpos obnacmu
Earth Pro (Google Earth, 2020) obcrnedosaHusi
Puc. 1— Obnacmb obnedosaHusi Cnuka 2 — 3emrbuwiHU nokpueay rnodpydja
(ucmouHuk: Sentinel 2 (ESA, 2020) u ucmpaxuearba

Google Earth Pro (Google Earth, 2020)
Cnuka 1 - lNodpyyje ucmpaxusara
(useop: Sentinel 2 (ESA, 2020) u
(Google Earth, 2020)
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The land cover analysis (Fig. 2) results (Table 5) revealed that
planted/cultivated areas dominate the research area, accounting for more
than 33% of the total area, followed by forest and barren classes, each
accounting for more than 20%. Both the developed class and the pasture
class account for less than 10% of the total area (Table 5).

Table 5 — Land cover report for the entire research area
Tabnuua 5— Omyem o 3eMIIsIHOM MOKPOBe 110 8celi meppumopuu obcredosaHusi
Tabena 5 — N3gewmaj 0 3eMrbULIHOM MOKPUBaYdy 3a UesIoKyrnHO rnodpydje

ucmpaxuearba

Class Pixel Sum Percentage % Area (km?)
1 developed 67094 7.71 6.71

2 barren 183244 21.05 18.32

3 forest 247794 28.47 24.78

4 pastures 79705 9.15 7.97

5 planted/cultivated 292627 33.62 29.26
Total 870464 100 87.05

The classification data's reliability is assessed by calculating the
confusion matrix, followed by an overall accuracy and a discrete multivariate
technique - Kappa analysis (Congalton & Green, 2019) (Table 6). The forest
class is the only one which is 100% accurately classified. All other classes
have some misclassifications, which leads to an overall accuracy of 84.28%
and a Kappa hat classification of 0.79, which is a substantial result (Table
6).

) Table 6 — Confusion matrix (pixel count)

Tabnuya 6 — Mampuua nymaruyb! (Kornudyecmeo nukcesned)
Taberna 6 — Mampuua koHgby3uje (6poj nukcena)

Value\Classified 1 2 3 4 5 Total ground truth points to the
class

1 developed 18 | 1 0 0 2 21

2 barren 2 16 | O 0 3 21

3 forest 0 0 20| 0 0 20

4 pastures 0 0 0 17|10 17

5 planted/cultivated 0 3 0 3 15 | 21

Total 20 | 20| 20 | 20 | 20 | 100

Overall accuracy [%] = 84.28 Kappa hat classification = 0.79

All drainage paths belong to the Juzna Morava River watershed, a
regional drainage network. Therefore, the second performed analysis was
to determine the number of buildings within a 1-kilometer 3D distance buffer
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zone (19.13 km?) from four UXO locations with drainage paths directly
connected to the drainage network (Fig. 1). The total number of 801
buildings is collected in the second analysis in the broader zone of UXO
impact.

The third, more focused analysis spans 3.62 km? by encircling a 1-
kilometer 3D distance buffer zone around four UXO locations (Figs. 1- 8). The
total number of buildings within this 3D distance buffer zone is 168 (Fig. 3).

Figure 3 — Four UXO areas with a 1 km buffer zone, source: Sentinel 2 (Copernicus,
2020)

Puc. 3 — HYemsipe mecmHocmu nod Hepa3opeaswumucsi boernpurnacamu ¢ 6ychepHol
30HoU npomsikeHHocmbio 1 kM, ucmoyHuk: Sentinel 2 (Copernicus, 2020)
Cnuka 3 — Yemupu nodpyuyja nod HeekcrnodupaHum y6ojHUM cpedcmeuma ca baghep
30Hom 00 1 km (Copernicus, 2020)

The first selected UXO location is within a 1 km 3D distance buffer zone
encompassing 79 buildings. The minimum building distance from UXO is
355.44 m, while the maximum distance from UXO is 980.56 m. The mean
distance from UXO is 637.26 m (Fig. 4).

The second selected UXO location is within a 1 km 3D distance buffer
zone and counts 86 buildings, where the closest one is 309.98 m from UXO.
The farthest building is 982.96 m away. The mean building's distance from
UXO is 683.89 m (Fig. 5).

The third selected UXO location is within a 1 km 3D distance buffer
zone that counts 79 buildings, where the closest one is 258.61 m away from
UXO. The farthest building is 978.79 m away. The mean building's distance
from UXO is 665.97 m (Fig. 6).
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Figure 4 — UXO area 1 with a 1 km buffer
zone and buildings within the zone
Puc. 4 — MecmHocmb 1 nod
Hepa3sopeaswiumucs boenpunacamu ¢
bygpepHoli 30HOU npomsikeHHocmbto 1
KM U COOPYXXEHUSIMU 8HYympU 30HbI
Cnuka 4 — lNodpyyje 1 nod
HeekcrodupaHum ybojHuM cpedcmeuma
ca bagpep 3oHom 00 1 km u objekmuma
yHymap 30He

Figure 6 — UXO point 3 with a 1 km buffer
zone and buildings within the zone
Puc. 6 — MecmHocmb 3 nod
Hepa3sopeaswumucs boenpunacamu ¢
6ygbepHoli 30HOU MpomsixxeHHocmbto 1
KM U COOPYXEHUSIMU 8HympU 30HbI
Cnuka 6 — Nodpyyje 3 nod
HeekcnodupaHum ybojHuUM cpedcmeuma
ca bagpep 30HOM 00 1 km u objekmuma
yHymap 30He
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Figure 5 — UXO area 2 with a 1 km buffer
zone and buildings within the zone
Puc. 5 — Mecm+ocmb 2 nod
Hepa3opeaswumucsi boenpunacamu ¢
6yghbepHoli 30HOU npomsikeHHocmbio 1
KM U COOPYXXEHUSIMU 8HympU 30HbI
Cnuka 5 — lNodpyyje 2 nod
HeekcrodupaHum ybojHuUM cpedcmeuma
ca bagpep 3oHom 00 1 km u objekmuma
yHymap 30He

Figure 7 — UXO point 4 with a 1 km buffer
zone and buildings within the zone
Puc. 7 — MecmHocmb 4 nod
Hepa3sopeaswumucsi boenpunacamu ¢
6yghepHoli 30HOU rnpomsi>xeHHocmbo 1
KM U COOPY>XEHUSIMU 8HYmpU 30HbI
Cnuka 7 — lNodpyuje 4 nod
HeekcrnodupaHum ybojHuM cpedcmeuma
ca baghep 30HOM 00 1 km u objekmuma
yHymap 30He
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There are 131 buildings in a 1 km 3D distance buffer zone, the closest
of which is 469.38 m from UXO in the fourth UXO location. The farthest
building is located 996.43 m away. The mean distance between buildings
and UXO is 843.24 m (Fig. 7).

The land cover (Fig. 8) report (Table 7) for the area within four UXO 1
km buffer zones reveals that the dominant class in the area is the barren
land with 43.5 % area coverage, followed by the planted/cultivated area (~
23%) and forests (17.5%).

Figure 8 — Land cover of four UXO areas within a 1 km buffer zone
Puc. 8 — 3emnaHol nokpos yembipex mecmHocmel nod Hepa3opeaswumucs
boenpunacamu 6 npedenax 1-kunomemposol bygepHoU 30HbI
Cnuka 8 — BemrbulwiHU Nokpusay Yyemupu nodpydja nod HeekcrimodupaHum ybojHuUM
cpedcmeuma y okeupy baghep 3oHe 00 1 km

Table 7 — Land cover report for four UXO areas within a 1 km buffer zone
Tabnuya 7 — Omyem o 3eM/ISHOM 10Kpog8e Yembipex mecmHocmel nod
Hepasopsaswumucsi boenpunacamu e npedenax 1-kunomemposoli 6yghepHoUli 30HbI
Tabena 7 — M3sewmaj 0 3eMrbULWIHOM 10KpuUBaydy 3a Yemupu rnodpydja ca
HeekcrinodupaHuMm ybojHuM cpedcmeuma y okeupy baghep 3oHe 00 1 km

Class Pixel Sum Percentage % Area (km?)
1 developed 3871 10.69 0.39
2 barren 15765 43.54 1.58
3 forest 6341 17.51 0.63
4 pastures 1900 5.25 0.19
5 planted/cultivated 8328 23.01 0.83
Total 36205 100 3.62
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Discussion

The usage of the word UXO is commonly connected with the threats
presented by anti-personnel and anti-tank mines set during war events and
the deployment of engineering units (Pamucar et al, 2011), as well as the
repercussions they cause left behind after armed conflicts. There are
generally mine-explosive barrier records with accurate locations for these
explosive devices. However, cluster bombs also constitute a significant and
genuine hazard. The method they are deployed (dispersion of bomblets
from various delivery canisters or missiles) results in a vast scattering zone
whose borders are not simple to find and designate. Simultaneously with
landing on uneven terrain or owing to the surrounding vegetation, there is
an extra dispersion of explosives, further increasing the contaminated area.
A variety in their looks (colour) and detonators (which are activated in a
specific way), unable their trouble-free clearance /demining. Furthermore,
damage to UXO causes the delay of the intended "self-destruction - self-
sterilization" thus producing an extension of the period of its destruction
capabilities. The preceding section describes the sites where soll
decontamination was applied but also indicates the regions where the
hazard persists to a considerable degree. Gamma-ray spectrometry
techniques have been developed to determine the uranium content of
surface samples of the soil contaminated with depleted uranium (Sahoo et
al, 2004). This approach may estimate contaminated surface soil samples'
natural and depleted uranium content and the depleted uranium activity ratio
of 235U/238U (Vukanac et al, 2010). It would be necessary to do such
analyses to improve everyday life of the local population.

Geoecological aspect

The use of depleted uranium is contentious and has been the subject
of international discussion (UN Institute for Disarmament Research, 2008).
When it comes to contamination and degradation of the environment, it can
be said that uranium and depleted uranium are isotopically very similar,
chemically radioactive heavy metals that are dangerous to humans in four
ways (Fairlie, 2009):
as a toxic heavy metal,
as a chemical carcinogen,
as an endocrine disorder agent, and
as an carcinogenic radiation agent.

Another difficulty is with bombs, grenades, and projectiles buried in the
ground for many years and whose detonators and primary explosive

1103

Poti¢, I. et al, Risk management of unexploded ordnance in the Republic of Serbia for environmental protection - Borovac case study, pp.1087-1114



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2023, Vol. 71, Issue 4

charges have become "dormant."” They can be activated due to an external
effect (earthquakes, landslides, excavation of building foundations,
increased temperature due to fire, etc.). In addition to fatal consequences
for the population (as the most significant loss), there are long-term
psychological consequences for the people, water pollution, disabling of
water and electricity supply installations, damage to road infrastructure,
damage to health systems, and significant economic consequences.

After conducting a multi-criteria study of the described area, it was
determined that in addition to the cultivated land cover (33 % - Fig. 2, Table
5), this area contains 21.05 % of the total infertile land. The barren soil is
essentially the most contaminated. In the 18.32 km? area, there is an
enhanced danger to human life and health. Such locations are appropriately
referred to as zones of low security. The same is typical for forest-covered
places (28.46 %). In this part of Serbia, the population depends on exploiting
wood mass, so the existing danger of UXO endangers their primary
economic activity. The removal of UXO is complicated in the forest area due
to the area relief, lack of visibility, and other obstacles. Pastures cover only
7.97 km?, but it is not an immeasurable area where cattle and people can
be endangered as well as other wild animals that live or feed there.
Additionally, pastures are crucial regions for honey production, medicinal
plants harvesting, and more. Increased radioactivity in these locations has
a direct effect on human health degradation.

Following the confirmation that ammunition containing U-236 with
depleted uranium (DU) was used during the NATO air campaign in Serbia
in 1999, concern was expressed about the possibility that other nuclides
from the nuclear fuel cycle, especially transuranium nuclides, could be
present with this type of ammunition. Numerous tests have been performed,
and many papers have been published. For example, in an article entitled
"Actinide Analysis of a Depleted Uranium Penetrator from a 1999 Target
Site in Southern Serbia," published in the Journal of Environmental
Radioactivity (2003), McLaughlin et al published the results of the analyses
of uranium and plutonium from the target location in southern Serbia
(McLaughlin et al, 2003). The results of that and many other works
confirmed the presence of trace plutonium in the penetrator, the highest
concentration of plutonium ever reported in the Balkans.

After military operations, most UXO (or their fragments) containing
depleted uranium remained underground in specific geomorphological and
geochemical environments exposed to local climatic conditions. The
distribution, mobility, and/or fixing of depleted uranium in the contaminated
soil varied according to the geological and pedological surroundings,
vegetation type, and climatic factors. Corrosion products of depleted
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uranium and other contaminating particles associated with UXO fluctuate
over time depending on the extent of their geochemical fractionation. It is an
assumption that has been validated in several studies. At around 150 mm
from the source, the concentration of depleted uranium decreases to 1% of
its original value (Radenkovic et al, 2008).

Moreover, the danger of UXO activation varies by season and during
dry and rainy periods. The ability to transfer contaminated material over
various environmental mediums signals an infinite hazard to the living world.
Human epidemiological research has shown that exposure to low and
moderate radon concentrations may cause up to 14% of malignant tumours.
Due to the radiation in the soil, animals living in subterranean cavities are
exposed to more significant amounts. Over the years, numerous dose-effect
models have been created to evaluate the dangers to individuals and the
environment (Cuii¢ et al, 2021).

Studies of the mobility and geo-fractionation of depleted uranium in the
soil have shown that depleted uranium may be very mobile under
substantial contamination conditions and intensive ion exchange with the
environment. Furthermore, as previously mentioned in the study, the
decomposition rate is also soil-dependent, mainly for Fe and Mn oxides and
carbonate substrates in the soil (Popovic et al, 2008).

In the past few decades, the southern part of Central Serbia has
undergone significant ecological changes, including depopulation as a
social factor (Poti¢ et al, 2022), where the natural process of ecological
revitalization due to population ageing and emigration is taking place, and
forest areas are expanding. Due to the growth and spread of vegetation on
uncultivated surfaces, it will become more challenging to clean and
remediate that area over time (Mihajlovi¢ et al, 2014).

Risk management of unexploded ordnance

One risk assessment method is insufficient for UXO locations. The
UXO risk assessment procedure requires creating civil-military collaboration
to develop alternative approaches. The initial step might be prioritizing UXO
cleanup areas. This data type is beneficial for allocating financial and non-
financial resources, such as equipment and personnel. A full description or
geoecological investigation of UXO-contaminated regions would be the
second stage in risk assessment (risk assessment for specific locations).
With this approach, quantifiable data on the possible harm to individuals
living around the UXO location (as shown in Figs. 1 - 8) and local
ecosystems may be supplied.

Location data is often unavailable and wildly inaccurate. Using remote
sensing allows the creation of at least a rough database with the most
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endangered locations. However, detailed information is necessary for data
collection to establish UXO risk management correctly. Two sources of risk
at UXO sites must also be considered: the risk of explosion and
environmental contamination from ammunition components flushed into
water and soil. These two types of threats are significantly different. The first
leads to immediate consequences for a man or his material environment; in
contrast, the consequences of permanent exposure to ammunition are
chronic impairment of the quality of life.

The presence of 33% arable land (Table 5) indicated significant
agricultural activity and increased people's mobility and daily activities in the
vicinity of UXO. According to the 2011 census, this region had 166 people
living in 44 homes. Such a demographic distribution would suggest an equal
number of potential UXO victims.

At only four notable locations where the Serbian Center for Demining
confirmed the presence of UXO, there are 801 built structures: houses,
shops, schools, food storage facilities, warehouses, garages with
mechanization for agricultural surface processing, and fuel depots, among
others. Without security measures over an extended period, it is logical to
presume that this area poses an enhanced security risk. Given the unknown
and unexpected composition of UXO, the threats to the environment,
groundwater and surface water, soil, and air, and the long-term impacts on
living organisms' DNA, it is deemed essential to affirm environmental risk
management.

Risk assessment methods can define the level of danger to people,
property, and the environment in an area and establish priorities and
courses of action. It is necessary to determine the factors and levels of risk
to develop a UXO risk management system. Such a system would provide
a strategic advantage over the area's level of vulnerability. Specifically,
applying various (physical, educational, economic, etc.) measures would
lower the risk of endangering people, property, and the environment. This
claim is supported by the fact that the problem of UXO has the
characteristics of a "long shadow" of a crisis, i.e., a problem arises quickly,
while its consequences remain for a long time in the future. Therefore,
developing an adequate methodology for risk assessment and a risk
management strategy in this area is paramount.

Conclusion

Besides unexploded ordnance left behind after the 1999 bombing
campaign on the territory of former Yugoslavia, there is also UXO left from
World Wars I and Il and still buried in the ground. The data on the mentioned
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amounts is not accessible except in the circumstances encountered during
particular land excavation works. Afterwards, the problem of UXO
intensifies, but it does not move away from stating the problem and
demanding that it be solved. The frequent reference to UXO in the ground
inadvertently covers the issues of our waterways which are also
contaminated with unexploded ammunition. Contamination levels
considerably impact planning and decision making when choosing safe
locations for crossing an area while undertaking different activities (Bozanic
et al, 2018).

Combining physical and chemical procedures and analyses may help
decision making on the cleanup plan for depleted uranium-contaminated
military sites. It is vital to consider establishing radioactive monitoring in such
a location and others where UXO is an issue. Such surveillance must be
genuine, radiological surveillance must be reasonably valid, and
unprofessional groups or people cannot conduct it. In Serbia, such
monitoring is undertaken by the Department of Radiation and Environmental
Protection of the Institute of Nuclear Sciences in Vin&a, Belgrade (Krneta
Nikoli¢ et al, 2014).

The article contributes significantly to creating a strategy for
environmental risk management in regions contaminated by UXO. The
paper provides an example of an effective technique for resolving risk
assessment issues experienced by the Army in UXO locations. Not only
does it present a suitable risk analysis, but it also considers numerous
environmental protection possibilities. It is feasible to calculate the number
of structures and people, soil kinds, plant types, and others exposed to UXO
dangers based on the key spots using the multi-criteria analysis and the
GIS. This paper is one of the guidelines for environmental risk assessment.

Since the UXO issue in the observed region has not been resolved for
the last two decades and based on the findings of this paper's analyses, it
can be stated that the UXO problem in this area will persist and continue to
threaten the safety of people and property. Consequently, establishing a
UXO risk management plan and a methodology for risk assessment
following strategic guidelines is paramount. The findings of this paper's
analyses unequivocally reveal the level of risk to people, property, and the
environment with a detrimental long-term effect on this region. Appropriate
risk assessment and UXO risk management would contribute to slowing
down the UXO detrimental consequences in all aspects.

Future studies should identify the criteria for zoning UXO-contaminated
regions based on threats to people, property, and the environment. The
findings of the analyses presented in this article may be used as a
foundation for establishing the criteria and methodology and then estimating
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the danger of UXO. According to the same approach, it is conceivable to do
comparable analyses for other areas and the whole territory of the Republic
of Serbia, therefore resolving the issue of UXO risk management and laying
the groundwork for more effective protection of people's property and the
environment.
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YnpaBneHne puckamu, CBA3aHHbIMU C HEPa3opBaBLUMMUCS
©oenpunacamu, B Pecnybnuke Cepbus B Liensix 3amTbl OKpYXatoLen
cpenpbl — uccnegosaHme criydas boposauy

UeaH M. Motnu?, HeHad M. Koma3seu?®, flunsHa M. Muxannosuye,
Anekcardp M. Munuy®, Cawa T. Bakpay?

2 BoeHHO-reorpadmyeckmii MHCTUTYT UMeHn reHepana CteBaHa bolkoBuya,
r. benrpag, Pecnybnuka Cepbus

6 Yuusepcutet o6opoHsl B r. Benrpaa, BoeHHasi akagemus,
r. benrpag, Pecnybnuka Cepbus

® Benrpaackun yHMBepcuTeT, reorpadmnyecknii akynbTeT,
r. benrpag, Pecny6nuka Cepbusi, kopeccnogeHT

PYBPUKA TPHTW: 81.93.03 MeTogonorus oueHkM BEPOSTHOCTU aBapui,
KaTacTpod, CTUXMINHBLIX 6eACTBUIN N NX
nocneactemin. OueHka pucka,

34.35.51 AHTPONOreHHbIe BO3AENCTBUS HA 3KOCUCTEMBbI,
20.23.25 VIHdopmaLunOoHHbIe cucTeMbl ¢ 6azamu 3HaHUIA.
B[O CTATbW: opurmHanbHasa Hay4YHas ctatbs
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Pestome:

BeedeHue/yenb: [llocne  Heckonbkux — Oecsamunemuli  6opbbbl ¢
Hepa3opeaswumucsi b6oenpunacamu (HPB) e Hexkomopbix patioHax
Pecnybnuku Cepbusi 0bHapy»eHo, 4mo OHU ece euje npedcmassisiom
3Ha4yumerbHyr onacHocme 07151 HacerneHusl, UMyuecmea U okpyxarouwel
cpedbl. Hecmompsi Ha mo, 4mo mecmHocmp bbiria pa3MuHUposaHa, ece
ewe cmoum cepbe3Hasi yepo3a om MmpyOHOOOCMYrHbLIX Yacmel
Hepa3opeasuwiuxcsi boernpunacos. Hecoomeemcmsytowue cucmemHbie
peweHusi 8 ynpaeneHuu Hepasopseaswumucss boernpunacamu moaym
roerieyb 3a coboli cepbe3Hble He2amusHbIle noc1edcmausl.

Memodei: B daHHOU cmambee u3dyyaemcsi 8o3deticmeue Yacmeti HPb Ha
HacereHue U  OKpyxawwylo cpedy Ha OCHO8aHUU  aHanu3a
rpocmpaHCcmMeeHHO20 pacripederieHUs1 pasfiuyHbix 8u008 U Korudyecmea
HPE. bbinu nposedeHbl 08a pas/iuYyHbIX 2€0MPOCMpPaHCMBEeHHbIX
aHanusa, a makxe pa3pabomaHbl pPeKoMeHOauuu o yrpasieHuto
puckamu C OMOWBK MHO20KpUMepuasbHo20 yCcmpaHeHUs PUCKOS,
aHanu3sa MC u ducmaHyuoHHO20 30HOUPOBaHUSI.

Pesynbmamei: Bbino nposedeHo dea pasuYHbIX
260MPOCMPaHCMBEHHbIX  aHanu3a, 6  pe3ybmame  KOMmOopbIX
ocyujecmersieHa Kraccughukayusi meppumopuu ¢ 6bICOKUM PUCKOM Om
Hepa3opeasLuuxcsi 6oernpurnacos.

Bbieoodbi: [JaHHasi cmambsi 8Hocum 3Ha4yumesibHbIU ekiiad 8 co3daHue
cmpameauu yrpaeeHusi 3KOI02UYECKUMU puckaMu Ha MECmHOCMU,
3agpsisHEHHOU  Hepasopsaswumucsi  boenpunacamu. Takod — mun
cmpameauu sensemcsi  achbekmugHbIM  Memodom Onsi  peuieHust
npobremMbl OUEHKU pucka Ha MeCmHOCmU C Hepal3opeasuiuMucs
boenpurniacamu. B cmamse markxe obcyx0aemcsi aHanu3 puckos U Mepsbl
o oxpaHe okpyxarouwel cpedbl. C MOMOWbIO MHO20KpUMepUaabHO20
aHanu3za u [UC oueHusaemcsi cmeneHb pucka Ofid HaceseHus,
umywecmsa, muros ro4ebl U pacmumernsHocmu om gosdeticmeusi HPB.
HaHHasi cmambsi npedcmaernsem cobol pykoeodcmeo o OUeHKe
3KOJI02UYECKUX PUCKOS.

Krrouesbie criosa: Hepasopsasuwiuecsi 6oenpunachi, yripasieHue puckamu
8 KPU3UCHbBIX cumyayusix, oxpaHa OKpy»aroujeli cpedbl, be3onacHocms,
2eonpocmpaHcmMeeHHbIl aHasus3.
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YnpaBreake pu3MKoM of, HeekcnnoampaHux ybojHux cpeacrasa y
Peny6nuvumn Cpbujn y dyHKLMjM 3aITUTE XKUBOTHE CpeauHe — cTyauvja
cny4vaja boposay,

Uear M. Motuh?, HeHad M. Komaseu®, J/bursana M. Muxajnosuhe,
Anekcardap M. Munuh®, Cawa T. Bakpau?

a2 BojHoreorpadcku MHCTUTyT ["eHepan CtesaH bolukosuh”,
Beorpapg, Penybnuka Cpbuja

6 YuusepauteT onbpaHe y beorpaay, BojHa akagemuja,
Beorpapg, Penybnuka Cpbuja

® YHuBep3uTeT y beorpagy, Meorpadcku cakynTter,
Beorpag, Penybnuka Cpbuja, ayTop 3a npenucky

OBJIACT: reorpadckn MHPOPMaLIMOHN CUCTEMM,
MEHaLIMEHT XMBOTHE CpeauHe, ynpasrbamwe pusiuuma
KATEITOPUJA (TWUIM) YITAHKA: opyrnHanHu Hay4Hu paja

Caxxemak:

Yeod/uurb: [locne euwedeueHujckoe pelwaesarba npobnema ca
HeekcrinodupaHuMm  ybojHUM cpedcmeuma y Hekum obnacmuma
Penybnuke Cpbuje, oHa jow yeek rnpedcmassbajy 3HamaH Pu3uK ro
b6e36edHocm sbydu, UMOBUHE U XXUBOMHe cpeduHe. Mako je mepeH
3HamHo o4uwheH, nocmoje 036urbHe rnpemHe 00 KOMIOHeHMU Koje ce
meuwiko npoHanase. Headekeam+a cucmemcka pewera 3a yrnpasrbarbe
osum cpedcmeuma Moy usazueamu eeoma eesiuke rnocreduye.

Memode: Ha ocHogy aHanuse rnipocmopHe Aucmpubyyuje pasnudumux
muriosa u Konu4yuHa HeekcriiooupaHux ybojHUx cpedcmasa, y YnaHKy ce
rpoyyasajy echekmu 08uUx KOMIIOHEHMU Ha JbyOCKe XU80me U XUBOIMHY
cpeduHy. M3epweHe cy 0ee pasfuyume 2eornpoCcmopHe aHanuse, a
YK/BbYYEHe Cy U CMepPHUUE 3a yrpasrbaHe pU3UKoOM rymem efluMuHayuje
pusuka Ha oOcHogy euwe Kpumepujyma, MIC aHanusa u dQarbUHCKe
demekyuje.

Pesynmamu: [Jee pasnu4ume 2eornpocmopHe aHanu3e pesynmupane cy
Knacucgpukayujom obriacmu Koje cy rnod 8UCOKUM pu3uKkom o0 rpeocmanux
HeekcrnodupaHux ybojHux cpedcmasa.

Sakrbyyak: YnaHak 3HadajHO OOMpuUHOCU cmeapaky cmpameeauje
yrpaserbarba EKO/IOWKUM pusuyuMa y peauoHUMa KOHmMaMUHUPaHUM
HeekcrnodupaHuMm ybojHum cpedcmeumaOHa rnpedcmasrba eghukacHy
MEeXHUKY 3a pelasar-e U3a308a rpoueHe pusuka Ha mum rpocmopuma .
Y pady ce paamampajy u aHanusa pusuka u onyuje sawmume XugomHe
cpeduHe. Kopucmehu suliekpumepujymcky aHanusy u F'MC, npouersyje
ce Us/ioXeHoCm cmpyKkmype, /byou, pcma 3emMsbuwima u burbHuUx epcma
ornacHocmuma Koje HeekcrimodupaHa ybojHa cpedcmea u3a3usajy Ha
KrbyYyHUM riokauyujama. Oeaj pad criy>ku Kao cMepHuua 3a rpoueHy

eKOMOWKOZ PU3UKa.
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KrbyyuHe pedu: HeekcrinodupaHa ybojHa cpedcmea, MeHalIMeHm KpU3HUX
cumyauuja, 3awmuma XueomHe cpeduHe, cu2ypHOCM, 2e0MpPOoCmOopHa
aHanusa.
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