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ABSTRACT

This research represents the results of field work conducted in the period from March 29 to May 29.
2020, to determine and record the location of illegal waste disposal sites in the municipalities of Isto¢no
Novo Sarajevo and Isto¢na Ilidza. The location of illegal waste disposal sites was analyzed based on
two groups of factors: space exposure and space sensitivity. The analysis included following exposure
factors: distance from urban settlements, distance from roads and population density and sensitivity
factors: land cover, hydrogeological characteristics of the substrate, distance from springs and
watercourses and land slope. In addition to the location of illegal waste disposal sites, it was analyzed
the potential vulnerability of space based on both groups of factors. Final map of spatial vulnerability
was created using multi-factor analysis.

This work emphasizes the possibility of using easily accessible devices for recording the locations of
illegal waste disposal sites, as well as the importance of geographic information systems in the analysis
and monitoring of the state of the environment. Based on the example presented in the work, the
possibility of applying a similar model on the territory of other municipalities is given, with the aim of
preventing the negative consequences of pollution on human health and the environment.
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INTRODUCTION

Solid waste management in Boshia and Herzegovina is characterized by numerous difficulties:
inadequacy of waste disposal sites, inefficiency of waste collection systems, poor coverage of
organized waste collection systems (especially in rural areas), low percentage of recycled waste, small
number of recycling centers, uncontrolled waste disposal, low awareness of the population about
proper waste disposal, etc.

According to the report on solid waste management in the countries of South-east Europe [1],
approximately one quarter of the generated waste in Bosnia and Herzegovina is disposed at illegal
waste disposal sites, i.e. illegal waste dumps. Some of the consequences are: direct pollution of land
and surface water, potential vulnerability of public health due to possible groundwater contamination,
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impairment of flora and fauna due to habitat disturbance, pollution (air) due to waste incineration,
vulnerability of water and soil by microorganisms and bacteria as a consequence decay, appearance of
unpleasant odors, disturbance of landscape characteristics of the area [2]. In 2012, there were 590
illegal waste disposal sites on the territory of B&H, although it is assumed that this number is twice as
larger [3]. The problem of dumping waste in illegal waste disposal sites (illegal waste dumps) is
especially evident in rural areas where there is no system of organized waste collection. Thus, in 2012,
the service of waste collection and disposal covered 68% of the territory of B&H. A particularly big
problem is the disposal of waste of animal origin, the disposal of construction waste, electronic and
electrical devices [4].

According to the data presented in the Waste Management Strategy in RS until 2026, there are 51
registered municipal waste disposal sites for the waste in the Republic of Srpska and approximately
216 illegal waste disposal sites. The RS Waste Management Strategy envisages action plans that
define activities, goals and waste management measures in the period from 2017 to 2026. As one of
the goals, rehabilitation and closure of municipal and illegal waste disposal sites is envisaged, while as
a measure of realization of this goal it is stated: ,Periodically update the existing database of
municipal and illegal waste disposal sites in the Republic using modern methods for their
identification, mobile applications” [4].

According to the United Nations Strategy for Reducing Local Disaster Risks and Strengthening
Resilience [5], disaster risk refers to potential injuries or loss of life as well as damage or destruction
of goods occurring in a system, society or community over a period of time. Disaster risk depends on 4
factors: probability of occurrence of harmful activities, factors of exposure of nature, people,
infrastructure, housing and human property to disaster-prone areas, disaster susceptibility factor and
capacity to act adequately in case of negative circumstances and catastrophic events.

Many authors investigated this issue, especially the health impact of landfills and uncontrol dumping
sites on the human health [6,7]. Authors Triassi et al. (2015) [8], investigated scientific papers dealing
with the effects of illegal landfills in the region of Campania in Southern Italy in relation to human
diseases. At the conclusion, authors pointed out a possible long-term role of waste, according to
positive correlation results, with outcomes as liver and lung cancer mortality, in addition to a short-
term effect waste-related, confirmed by association with congenital malformation, which is compatible
with the lack of remediation of the polluted sites and persistence of waste mismanagement (pp.1232).
Musmeci at al. investigated the impact of solid waste management on human health [9]. Many
researchers studied the impact of illegal landfills on environmental components such as land
degradation [10,11], water contamination [12,13], degradation of soil and vegetation [14].

Considerable number of studies were based on the appliance of geographic information systems such
as research of the Seror and Portnov (2018) [15], which have investigated the area with potential risks
of illegal construction and demolition waste dumping using GIS. Fazzo et al. (2020) [16], used GIS-
based Indicator of Waste Risk to Investigate the Health Impact of Landfills and Uncontrolled
Dumping Sites. Authors Critto, Carlon & Marcomini (2003) [17], applied GIS and kriging method
with principal component analysis for characterization of contaminated soil and groundwater
surrounding an illegal landfill. Many studies applied combined methods of mapping and spatial
analytical tools of GIS with other investigation methods such as remote sensing, statistical methods
and multicriteria assessment for investigation of the risk of illegal landfilling on people’s health and
the environment [18,19,20].

This work presents an inventory of illegal waste disposal sites and an analysis of the location of illegal
waste disposal sites in relation to exposure and sensitivity factors. The aim of this work is to point out
the possibility of applying simple GPS technologies and geographic information systems for the
purposes of collecting information and monitoring the state of the environment. In this work, an illegal
waste disposal site (illegal landfill) is considered to be an unregistered area where waste is disposed
and whose area is larger than 1m?2. Based on these criteria, an assessment of the most vulnerable areas
in the municipalities of Isto¢no Novo Sarajevo and Isto¢na IlidZza (extended to the territory of the
settlement of Kijevo in the municipality of Trnovo RS) is given.
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WASTE DISPOSAL IN MUNICIPALITIES

Organized collection and disposal of waste on the territory of the municipalities of Istoéno Novo
Sarajevo and Isto¢na Ilidza is performed by the utility companies ,,Rad” a.d. Isto¢no Novo Sarajevo
and Public Utility Company ,,Komil” a.d. Isto¢na Ilidza. The percentage of coverage by the organized
waste disposal system in both municipalities is about 80%. The lowest coverage is in rural settlements,
due to poor accessibility and smaller number of users [21,22]. There is not a single regulated waste
disposal sites on the territory of the municipalities of Isto¢no Novo Sarajevo and Isto¢na Ilidza, and all
waste is deposited in a joint, unregulated waste disposal site ,,Krupacke stijene” on the territory of
Kijevo, in the neighboring municipality of Trnovo RS. Given the population density, which is many
times higher than the average in the Republic of Srpska (in the municipality of Isto¢na Ilidza the
population density is almost 10 times higher than the average in the Republic of Srpska), this area is
particularly exposed to potential threats to public health and environmental pollution due to improper
disposal and treatment of waste. There are numerous problems of waste management in these two
municipalities, and some of them are: lack of adequate waste disposal sites for waste disposal,
insufficient coverage of municipalities with organized waste collection system, non-implementation of
waste separation and selection, lack of recycling centers, lack of animal waste collection operators,
non-existence of operators for collecting medical waste (on the territory of the municipality of Isto¢na
Ilidza), there is the Public Health Institute ,,Srbija [21].

According to the Republic Waste Management Plan [23], the construction of a regional waste disposal
sites for municipal waste in the Republic of Srpska is planned on the territory of the municipality of
Foca, which would cover 13 municipalities of the Republic of Srpska, including the municipalities of
Isto¢na IlidZa, Isto¢no Novo Sarajevo and Trnovo RS. Due to the lack of regulated waste disposal sites
and low awareness of the population about the potential pollution and harmful consequences for the
environment and health of the population, waste is often disposed improperly in illegal waste disposal
sites or ,,illegal waste dumps”. This work presents an analysis of the location of illegal waste disposal
sites in relation to exposure factors and sensitivity factors as well as a GIS analysis of the potential
threat to the environment due to improper waste disposal. The analysis covers the territories of the
municipalities of Isto¢na Ilidza and Isto¢no Novo Sarajevo. The territory of the settlement of Kijevo in
the municipality of Trnovo RS was added to this area, since there is a common unregulated waste
disposal sites ,,Krupacke Stijene” (Figure 1). The municipalities are in the central part of the Republic
of Srpska and Bosnia and Herzegovina and occupy the southern and southeastern parts of the Sarajevo
valley with the territory at the mountains Trebevi¢, Igman and Bjelasnica.
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Figure 1. Location of study area
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The municipality of Isto¢na Ilidza is located at an average altitude of 500 m, while most of the
territory of Istocno Novo Sarajevo is above 600 m above sea level. Administratively, these
municipalities belong to the territory of the City of Isto¢no Sarajevo and together with the settlement
of Kijevo (Trnovo RS) they cover an area of 74.1 km? or 5.1% of the territory of the city. There are
25107 inhabitants in the analyzed territory. The average population density in the municipality of
Isto¢na Ilidza is 493 inhabitants per km?, while in the municipality of Isto¢no Novo Sarajevo the
average population density is 274 inhabitants per km?2 In this work the territories of these
municipalities are considered as a single spatial unit, given the relatively small spatial coverage and
administrative boundary that intersects the spatially compact urban unit.

MATERIALS AND METHODS

To analyzing the locations of illegal waste disposal sites (,,illegal waste dumps”), field research was
conducted in the period from March 29 to May 29.2020. Field research included identification of
illegal waste disposal sites, determination of the exact location by GPS measurements and
photography, to determine the structure of the waste at illegal waste disposal sites. The devices used
for positioning are the GPS Garmin eTrex 30. Location mapping and analysis of potential spatial
vulnerability due to the location of illegal waste disposal sites was performed using geographic
information system, the QGIS [24]. For the analysis of locations in relation to the slope was used
DEM model [25], and for needs of the analysis of locations in relation to watercourses was used a
topographic maps 1:25 000 [26], with corrections according to the Open Street Map [27]. Data on the
water permeability of the substrate were obtained by vectorization of the Hydrogeological Map of
B&H 1:500 000 [28], and data on land usage were obtained from data in CORINE Land Cover 2018
[29]. Data on population density were obtained based on the 2013 Census of Population, Households
and Dwellings in the Republic of Srpska [30]. The administrative boundaries of the settlement were
obtained by vectorization of maps.

The analysis was performed using GIS spatial tools. GIS and data modelling are powerful tools for
calculating and describing some data of hazard effects. There are many methods which can be used for
the purpose of risk or vulnerability assessment as semi-kriging [31,32], multicriteria decision making
[33,34,35,36], aggregation methods such as weighted linear combination [37,38,39], using
geostatistics and GIS [15], multi-factor analysis [18,40] and other. For this research multi-factor
analysis is applied, considering two groups of factors: environmental exposure and environmental
sensitivity factors. The term exposure refers to an inventory of potential factors that may influence the
probability of occurrence of negative consequences in a given area [40]. The exposure of the space is
the probability that the space will be exposed to the illegal landfill siting.

For the spatial exposure assessment three factors were analyzed: distance from road infrastructure,
distance from urban settlements and population density. Raster of distance buffer zones were obtained
using Euclidean distance buffering [41]. According to research on the influence of social factors on the
location of waste disposal sites [42,43], waste disposal sites should not be in populated areas or in
immediate vicinity of them. A higher concentration of the population per area unit indicates a higher
probability that the environment and the health of the population will be endangered. In this work, the
most endangered areas are considered to be settlements whose population density is higher than the
average in the Republic of Srpska (47 inhabitants/km?).

Based on the factor of distance from urban settlements, the most endangered areas are located next to
the most urban parts of the analyzed area. As moving away from urban settlements, the likelihood of
waste being dumped in a given area decreases due to rising transportation costs. In relation to the
factor of distance from the road infrastructure, the most exposed areas are in the immediate vicinity of
the road routes. The accessibility of the space contributes to the greater likelihood that it will be
exposed to illegal waste disposal.

The second group of analyzed factors in the work are sensitivity factors. Sensitivity refers to the
physical properties of the space that determine the predisposition that in the case of exposure to
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negative influences, pollution and environmental hazards will occur in the area [44,40]. The
vulnerability of groundwater and surface water is especially emphasized, since this area is rich in
watercourses that are used both for economic purposes and for water supply of households [45,13].
Sensitivity factors analyzed are soil cover, hydrogeological properties of the substrate, land slope and
distance from watercourses.

In the second part of the work, the potential vulnerability of space is analyzed based on exposure and
sensitivity factors. The first step was to create raster maps for all factors (criterion layers) with sub-
criteria. Based on a review of the literature [46,47,48], all criterion layers with sub-criteria are
standardized on a scale from 1 to 5, with a higher value indicating higher exposure / sensitivity. Sub-
criteria with their assigned values are presented in Table 1. Creation of raster of exposure and raster of
sensitivity is based on aggregation method according to formulas below (1 — 3), using raster
calculator. All criteria for the assessment of exposure and sensitivity had an equal impact on the final
score obtained in the spatial vulnerability raster.

Based on the values shown in Table 1, the reclassification of the criterion layers was performed. The
spatial exposure raster E; is obtained by summing the assigned values of all three criterion layers
(maps) using a raster calculator and according to the formula:

1) Ei: Du+Gn+DP

D. - distance from urban settlements, G, - population density category, D, - distance from road
infrastructure

The spatial sensitivity (Si) raster is obtained based on:
2) Si:Flc+Hg+Sp+ DW

Fic - land cover, Hq - hydrogeological properties of the terrain, S, - land slope, Dw - distance from
watercourses.

In the final part of the analysis, a raster of potential vulnerability of space was created, Vs. The raster
of spatial vulnerability represents the final assessment of vulnerability of space based on the factors of
spatial exposure and spatial sensitivity. It contains a score of numerical values, obtained by dividing
the sum of the values of all factors of group E; and all factors of group S;, for each raster cell, with the
total number of analyzed factors (7 in total). The raster of spatial vulnerability was obtained by using a
raster calculator according to the formula:

1) V= (Ei+ Si)/n; n=1...7
Vs — Spatial vulnerability, n — total number of analyzed factors

All the factors (criteria) applied in this analysis were of equal importance in assessing the vulnerability
of the area to potential location and pollution caused by illegal waste disposal. In the final phase, the
classification of potential vulnerability of space was performed in three levels of spatial vulnerability:
slightly vulnerable, vulnerable and highly vulnerable. The classification was performed using the
,,Jenks natural breaks classification method”.

Jenks natural breaks classification method is used to group data sets into a number of homogeneous
groups. The method was specially developed for the needs of geographic data analysis and represents
a standard geographic classification algorithm in GIS software [49,50].

The grouping is based on reducing the square deviation from the mean value within the group.
Breakpoints are determined by selecting the limit values (ranges) of the group so that differences in
values within one group are minimal, while the difference to other groups is being maximized [51].
Finally, by reclassifying the spatial vulnerability raster, three categories of spatial vulnerability were
obtained.
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Table 1. Standardized criteria values with sub-criteria and frequency of illegal disposal sites exposure

Exposure
Factor Sub-criteria Weight value of | Illegal waste
(Criterion layer) sub-criterion disposal cites
d<50m 5 12
Distance from 50,1 <d<100 4 7
road 100,1< d <150 3 2
d> 150 2 8
. f Within urban area 5 9
3‘5;?]”% rom (Fk 1 krildfrjr; I1<1rban area i 181
m m
settlements d>2km 3 1
Population 1-50 2 5
density of the 50,1-150 3 6
settlement 150,1-500 4 9
(Population per | 500,1-1500 5 7
km?) G >1500 5 2
discontinuous urban fabric 5 2
Deciduous forests/coniferous forests/ mixed 4 18
forests
Land cover complex cultivation patterns 5 8
land principally occupied by agriculture, with 5 1
significant areas of natural vegetation
Barren land/sparse vegetation 1 0
Low permeability rocks without aquifers 1 0
Hy drogec_)lo_gical a%C;)l\;\i/f:gresrmeabiIity rocks with possible local 2 0
characteristics Semi - permeable rocks 3 21
Permeable rocks 5 8
d <50 5 15
Distance from 50,1-100 5 3
watercourse 100,1 - 150 4 1
d> 150 3 10
0-3 1 2
3,1-5 2 3
Slope (°) 51-7 3 3
7,1-10 4 6
n>10 5 15

RESULTS AND DISCUSSION

During field research 29 locations of illegal waste disposal sites were mapped. On the territory of the
municipality of Isto¢no Novo Sarajevo there are 16 waste disposal sites, while 11 illegal waste
disposal sites were mapped on the territory of the municipality of Isto¢na Ilidza. This group is joined
by two waste disposal sites located on the territory of the municipality of Trnovo, in the settlement of
Kijevo, in the immediate vicinity of the administrative border with the municipality of Isto¢na Ilidza.
These are illegal waste disposal sites in the valley of the river Zeljeznica, whose coordinates are y =
43.774380, x = 18.39160, at an altitude of 583 m and the waste disposal sites for municipal waste
,Krupacke stijene”, with coordinates y = 43.7736799, x = 18.3910699, at an altitude of 635. Waste
disposal sites ,,Krupacke stijene” is a mutual waste disposal site of waste collected in municipalities:
Istoéno Novo Sarajevo, Isto¢na llidza and Trnovo (RS). According to the spatial distribution in
relation to the altitude, illegal waste disposal sites are most present in the lowest part of the analyzed
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area, in valleys and river valleys with an elevation below 800 m. Only two illegal waste disposal sites
were found in the altitude above 800 m (Figure 2).

0 0,75 1,5 3 4.5 6
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D Study area Low : 488

Road
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Figure 2. Locations of illegal waste disposal sites in the municipalities
of Isto¢no Novo Sarajevo and municipality of Isto¢na Ilidza

Waste structure

Construction materials, furniture, electrical waste, plastic packaging, car tires and glass are most often
disposed items at illegal waste disposal sites. The structure of waste is dominated by recyclable waste
such as glass and plastic. Waste management on the territory of the municipalities of Isto¢na Ilidza
and Istocno Novo Sarajevo is further complicated by the lack of waste separation at the source, the
lack of vehicles for waste collection, the lack of transfer stations and recycling centers.

Illegal waste disposal sites in relation to exposure and spatial sensitivity factors

The emergence of illegal waste disposal sites is favorably influenced by factors such as quality access
roads and proximity to urbanized space. These factors affect the likelihood that a site will be selected
for illegal waste disposal. In the Table 1 is presented the distribution of illegal waste disposal sites in
relation to the distance from the road infrastructure (in meters), in relation to the distance from urban
settlements and in relation to the population density.

Approximately 60% of illegal waste disposal sites are located at the maximum distance up to 100 m
from the road, while the largest number is located directly in the zone up to 50 m distance. This shows
that illegal waste disposal is most prevalent in accessible areas, right next to roads. Analyzing the
distribution of illegal waste disposal sites in relation to urban settlements, almost 1/3 of illegal waste
disposal sites are located directly on the territory of urban settlements, while at a distance of 1 km
from urban settlements there are 8 more illegal waste disposal sites located.

Therefore, more than 50% of illegal waste disposal sites are in the urbanized parts of the
municipalities of Istono Novo Sarajevo and Isto¢na IlidZza. Analyzing the distance categories
individually, the largest number of waste disposal sites is located at distance 1 to 2 km in relation to
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the urban settlement (Figure 3). This indicator is further supported by the analysis of waste disposal
site’s locations in relation to population density. Almost 60% of illegal waste disposal sites are in
settlements with a population density between 150,1 and 500 inhabitants per km? and 500,1 and 1500
inhabitants per km?,

Figure 3. The waste disposal sites next to the road R-446 (Lukavica-Jasik-Pale)

These are settlements of the suburban type, at a short distance from the most densely populated, urban
settlements: Lukavica (municipality of Istocno Novo Sarajevo) and settlements Sarajevo part - Ilidza
and Sarajevo part - Sarajevo Novi Grad (municipality of Isto¢na IlidZza). The most of illegal waste
disposal sites are located on the territory of the settlement of Toplik, where 9 illegal waste disposal
sites are located, while in the settlement of Sarajevo - Ilidza and settlement Kasindo, there are 6 illegal
waste disposal sites by each. Approximately 70% of illegal waste disposal sites are in three settlements
that occupy 34% of the analyzed territory.

The environmental sensitivity is the likelihood that locating an illegal waste disposal site in a given
space will cause harmful consequences for human health and the environment. The location of illegal
waste disposal sites in relation to the type of land cover indicates that waste is illegally disposed
mostly in the suburban zone, next to urban parts of municipalities. Land cover with combined systems
of crops and plots and land with a larger share of natural vegetation are represented here. Almost 50%
of the observed illegal waste disposal sites are located on this type of land cover. In the area of the
Municipalities of Istocno Novo Sarajevo and Isto¢na Ilidza, illegal waste disposal sites are often
located in the immediate vicinity of the residential zone. Of particular concern is the fact that other
waste disposal sites are mostly located in the deciduous forest belt, which further degrades the rural
area.

Particularly worrying situation is with the waste disposal sites located on a permeable rock and within
the urban settlements of Lukavica, Sarajevo Part - TlidZa and in the suburban zone, the settlement of
Toplik. There are 8 illegal waste disposal sites on the permeable rocks, at a distance of less than 50 m
in relation to the watercourses. These waste disposal sites, with intense rainfall, threaten groundwater
and surface flows by potential leachate. Approximately 70% of mapped illegal waste disposal sites are
located on a semi-permeable geological substrate. The deployment of the illegal waste disposal sites in
relation to the proximity of watercourses indicates regularity, given that most illegal waste disposal
sites are in river valleys. More than 50% of the mapped locations are located at less than 50 m in
relation to watercourses.

The location of illegal waste disposal sites in the immediate vicinity of the riverbed increases the
potential threat to watercourses and the possibility of pollution by solid waste, which is transported
over longer distances through watercourses. Around 30% of the analyzed illegal waste sites are
located further from 200 m from the watercourse. Analyzing the slope criterion, larger slopes indicate
a potential risk of pollution, since the slope surface has an impact on the atmospheric precipitation
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runoff coefficient, which, together with different leachate, reaches the substrate polluting the soil,
groundwater and surface water.

Only two waste disposal sites are located on land with a slope of up to 3 degrees while approximately
70% of the mapped sites are located on land with a slope greater than 7 degrees. Observing the
categories of land slope, the largest number of analyzed illegal waste disposal sites is in the category
of land with a slope greater than 10 degrees.

In the first part of the analysis, individual raster of environmental exposure (Figure 4a) and
environmental sensitivity (Figure 4b) were obtained. The spatial exposure raster contains a score of
values for exposure factors obtained by simply summing the standardized values of the factors:
distances from urban settlements, distances from road infrastructure and population density categories.
The spatial sensitivity raster was obtained by summing the standardized values of all sensitivity
factors: soil cover type, hydrogeological substrate, distance from watercourses and land slope (Table
2).

a)
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I: Study area Exposure = Al lligh' 220
o ‘ aste T 2
Illegal waste oy High: 15 dALga. “‘?A\f
: : L isposal site
disposal site 007515 3 45 6 .8 00,7515 3 45 6
Howa o O — —
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Figure 4. a) Environmental exposure and b) Environmental sensitivity

The highest score of values according to the factors of environmental exposure have urban areas, river
valleys and areas next to the road infrastructure. The exposure is determined by the accessibility and
close proximity to densely populated zones. The potential location of illegal waste disposal sites in this
area can cause significant environmental degradation, primarily due to soil pollution, groundwater and
surface flows pollution. These processes indirectly have a negative impact on the living world and can
significantly endanger biological processes in this area.

Table 2. Categories of spatial vulnerability

Score Category Surface area (km?) Surface area %
1,86 — 3,00 Slightly vulnerable 19,30 27,34
3,10 - 3,70 Vulnerable 28,16 39,89
3,71 -5,00 Highly vulnerable 23,13 32,77

The lowest exposure of the area for potential disposal of illegal waste disposal sites is in the
peripheral, rural parts of the municipalities, which are characterized by a relatively large distance from
urban centers as waste generation sites and poor infrastructural connectivity. Based on the considered
factors of exposure and sensitivity, an analysis of the spatial vulnerability due to illegal waste disposal
sites was performed.
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The results of the analysis of the spatial vulnerability of the explored area indicate a high degree of
vulnerability of the area due to high probability for illegal waste disposing and spatial sensitivity
(Figure 5).
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Figure 5. Spatial vulnerability of the area due to locations of illegal waste disposal sites

Approximately 33% of the territory of the explored area belongs to the category of highly endangered
area. This area is potentially the most endangered category in both groups of analyzed factors and
considering its predispositions (water permeability of the substrate, relative proximity of watercourses,
slope of land higher than three degrees, high concentration of population) there is a high probability of
pollution and endangerment of the environment.

There are six illegal waste disposal sites in the most endangered part of the explored area. These waste
disposal sites pose a danger as they usurp and pollute the soil, affect potential groundwater
contamination by the substrate seepage and potentially endanger the health of residents.

Almost 40% of the analyzed area belongs to the category of endangered area. This is predominantly a
suburban type of area, where its proximity to urban zones affects its predisposition to become an
illegal waste disposal site. In addition to location features that affect the choice of a given space for
locating illegal waste disposal sites, this area is also characterized by a higher degree of spatial
sensitivity, since these zones are relatively close to watercourses, with sporadic agricultural areas and
a higher percentage of land with natural vegetation. These areas are characterized by permeable and
semi-permeable geological base.

The observed location of the identified illegal waste disposal sites also testifies to the vulnerability of
this area. There are 20 illegal waste disposal sites in the category of vulnerable area (70% of the total
number of analyzed). In the third category, low-risk areas, there are areas that are characterized by a
low score of vulnerability, both in terms of exposure factors and sensitivity factors. Peripheral, rural
parts of the analyzed area belong to this area. 27.3% of the territory belongs to the category of low-risk
area, and 3 illegal waste disposal sites are located in this area.
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CONCLUSION

The waste management process in Bosnia and Herzegovina is characterized by numerous difficulties:
imprecisely defined powers in the process of waste management and treatment, uneven system of
financing the waste management process in different municipalities, lack of a single information
system / database on the amount and type of waste disposal sites, lack of recycling centers and centers
for the treatment of hazardous waste, a large number of unregulated waste disposal sites, frequent
disposal of waste in illegal waste disposal sites, etc.

For efficient waste management, it is necessary to create a unique database on waste management.
One of the steps is the introduction of simple technologies and systems such as smartphones and
geographic information systems, which would enable the collection of information on waste disposal
site’s locations and regular monitoring of changes in the environment. Field work on the territory of
the municipalities of Istocno Novo Sarajevo, Istocna Ilidza and the settlement of Kijevo (Trnovo RS)
recorded the location and determined coordinate points for 29 illegal waste disposal sites.

The analysis of the locations of illegal waste disposal sites showed that the largest number is located at
less than 2 km from urban settlements, while more than 60% is located at a distance of less than 100 m
in relation to roads. According to the population density factor, the largest number of waste disposal
sites is in densely populated areas, with an average population density of 150,1 to 500 and 500,1 to
1500 inhabitants per km?2. In relation to the type of land cover, 45% of illegal waste disposal sites are
in the forest belt. All other illegal waste disposal sites are in the discontinuous urban area (scattered
populated areas) and the area of agricultural production with a higher share of natural vegetation.
Approximately 50% of recorded illegal waste disposal sites are located at less than 50 m from
watercourses, while over 70% of illegal waste disposal sites are located on slopes greater than 3
degrees.

The analysis of the spatial vulnerability due to illegal waste disposal, showed that the urban zone in
the area of the municipalities of Isto¢no Novo Sarajevo and Isto¢na IlidZza is highly vulnerable because
six illegal waste disposal sites have been recorded there. Densely populated suburban areas are also in
the category of vulnerable. These settlements are located near the area of the largest amount of waste
generation and are well infrastructurally integrated with the urban zone. The location of registered
illegal waste disposal sites shows that this zone is the target area for improper waste disposal, with
70% of illegal waste disposal sites.

The results of the analysis indicate the possibility of applying these methods for recording and creating
a database on illegal waste disposal sites, which would enable simple and efficient monitoring of the
situation on the field. The assessment of potentially vulnerable areas can be successfully used for the
purposes of recording the most vulnerable categories of space, which creates the preconditions for
preventive action and special supervision over the most endangered spatial categories. These methods
can serve as a good basis for creating local waste management plans and with some corrections, they
can be successfully applied to the territories of other municipalities in Bosnia and Herzegovina.

(Received April 2022, accepted April 2022)
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