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EVALUATING DIFFERENT REHABILITATION OPTIONS - HOW
TO DEFINE A METHOD FOR DATA COLLECTION AND
CHOOSE THE APPROPRIATE INDICATORS. EXAMPLE OF
EXTRACTIVE INDUSTRY
1

Vaja Pavlović1

Éco-anthropologie et Ethnobiologie (UMR 7206), Muséum national d’Histoirenaturelle

ABSTRACT
In order to determine the efficiency of a restoration technique, we must be able to quantify its
ecological value. Many studies have addressed this problem proposing various methodological
approaches. In this work, we review 20 studies and examine the choice of different methods used for
ecological data collection as well as of indicators used in ecological studies treating rehabilitation of
quarries, sand and gravel pits and open coal mines. The conclusions of our review and comparison will
facilitate the methodological choices to researchers in the future.
In studies treating rehabilitation of abandoned sites in extractive industry, seven different taxa
have been examined in total. As far as method used for data collection, we discovered that in plant
studies plots of different size have been used, placed randomly or in transects of different length; for
ants, spiders and arthropods in general authors used plots and pitfall traps with a distance which was
fixed or not; for butterflies and bees, method of transects, with different length and width have been
used. As far as used indicators, we discovered a certain homogeneity: among 10 studies on vegetation,
9 use species number, 6 coverage, 5 abundance; in 10 studies on fauna, all use species number, 5 use
abundance, 4 use number of red list species; all the others indicators represent less than one third of
used indicators.
We conclude, for ecological data collection methods used, that even though most of the studies
use plots for plants, pitfall traps for spiders and arthropods and transects for butterflies and bees, their
size and emplacement vary enough to disable comparability of results between different studies. The
observed difference in chosen method is mostly due to different research hypothesis. For indicators, we
conclude that the most frequently used indicators for all taxa are species number and abundance.
Keywords: rehabilitation, extractive industry, methodology, indicator

1. INTRODUCTION
Modern legislation in most countries tends to oblige industry players who
exploit natural resources such as quarries and sand and gravel pit companies to take
some measures in favour of the environment after the exploitation has been finished
or even during its course. In practice, these measures often represent some form of
ecological restoration, for which many techniques can be applied; yet determining the
efficiency of a particular restoration technique is not an easy task. Many studies have
looked into different restoration techniques and undertook biodiversity studies on
rehabilitated quarries and sand and gravel pits [1-13, 16-22] using various
methodological approaches. No standard methodology has been established in the
field, and yet the question of determining the most appropriate restoration technique
in each case is crucial for both economic players and legislators in order to make
16

informed decisions in favour of the environment. In this work, we review 20 studies
and examine the choice of different methods used for ecological data collection as
well as of indicators used in ecological studies treating rehabilitation of quarries, sand
and gravel pits and open coal mines.
These studies typically include presentation of methodologies used to collect
ecological data, and approaches (especially indicators) used to analyse the data and
perform anestimation of efficiency of different methods in order to make conclusions
(Figure 1). We review these elements separately; in Section 2 we present an overview
of data collection methodologies while in Section 3 we present an overview of
biodiversity indicators used in different studies and context. We conclude the paper in
Section 4 with a general conclusion and implications for future studies.

Figure 1. Typical process of biodiversity studies in quarries and sand and gravel pits

2. METHODOLOGIES FOR ECOLOGICAL DATA COLLECTION
No standard protocol has been established for conducting impact assessment
studies on quarries and sand and gravel pits. Practitioners are thus using their own
protocols, different case by case, which has two major implications: (1) for each
study practitioners are facing a choice of the most appropriate protocols, and (2) the
ecological data collected by different protocols may be not comparable. For instance
in the case of two studies that investigate the number of amphibians species, the
numbers observed are not comparable if one study is performed by sight on a transect
around a water surface in a duration of one hour and the other study is performed by
acoustic observation where observer was located on three different spots by the water
surface, spending half an hour listening, on each one of the spots.
The choice of protocols also implies the choice of taxa that are used for
comparison. We provide an overview of different approaches, classed by the taxon
used, in Table 1.
In Table 1 we can observe that, despite certain similarities, the differences of
methods used and presented in scientific literature are considerable:
•

For plants, the plots used are placed either randomly or on transects of variable
length. The distance between plots is sometimes fixed and sometimes random;
and the sizes of plots are also subject to considerable variety: 5x5, 2x2, 0.25m2,
1m2, 0,5x1m, 3x3m.
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•
•

For ants, spiders and arthropods in general, different authors use plots and
pitfall traps of different size (9,5 cm in diameter and unknown depth or 9 cm in
diameter and 15 cm deep) placed on a fixed or variable distance.
For butterflies and wild bees the methods of transects has been used, while their
length and width may be fixed or variable and they may intersect or not.
Table 1. Different approaches for biodiversity data collection

Author
VEGETATION
Mines
Hodacova&Prach
2003
Wiegleb&Felinks
2001
Heras et al. 2008
VEGETATION
Quarriers
Yuan et al. 2006
Wenjun et al. 2008
Novak
&Konvincka,
2006
Mota et al. 2004.
O’Connor
&Aarssen 1987
Rehunkova&Prach
2006
ANTS
Mines
Holec&Frouz
2005
Quarries
Dekoninck et al.
2010
SPIDERS
Quarries
Tropek&Konvicka
2007
BUTTERFLIES
Quarries
Benes et al. 2003

Protocol

10 5x5m plots, placed randomly on 11 spoil tips
2x2m plots, inventoried during 4 years, located on one linear transect
2 campaigns (with 15 years of difference) of 81 slopes (6 are the same). Slopes were divided
in three 30m transects; nine 0,25m2 plots were posed per transect
2 transects, 1m2 plots posed every 20m on the first one and every 10m on the second (208 in
total)
Defined 36 quadrates; in every one of them two crossed transects with plots on every 5m
(5x5m plots if shrubs and 1x1m plots if grassland)
5x5m plots
Five 5x5mplots randomly placed
35 50x100cm plots randomly placed, with 3 to 5km distance between them
5x5m plots in centre of each site

62 50x2m plots (100m2 in total) placed in different habitat types.
In addition to that, in each plot, one 12x1mx10cm layer od soil was excavated.
Plus, pitfall traps were located in transects.
Pitfall traps of with 9,5 cm diameter placed in ligne, 5m distance between them, 3 per quarry

Trapson rocky slopes, plastic cups (9x15cm) for grasslands and shrubs

Six times, in one year, transects were inventoried (3 persons/hour) + inventories with a less
rigorous method

Sand and gravel pits
Lenda et al. 2012
50 transects (200x5m) – one per site, placed randomly, inventoried 7 times per year
WILD BEES
Quarries
Krauss et al. 2009
Variable length transects (0,01 – 21,2 ha)
MULTI-TAXA
Mines
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Tropek et al. 2012

Quarries
Wheater& Cullen
1997
Tropek et al 2010

Tropek et al. 2008

First defined 6 big plots (0,2x0,3ha), and then in every plot :
•
For vascular plants – in centre of each one they placed one line of small (3x3m)
plots, with 2mdistance between them
•
For 7 arthropod taxa – pitfall traps (9x15cm, with 5%formaldehyde), one per plot
•
For butterflies and moths – two linear transects per plot, inventoried 5 times
(50m/5min)
•
Pitfall trap network – groups of 5 traps were places on each of 58 vegetated scree
•
Two 5x5m plots randomly placed, for each one of vegetated scree
First defined ten 0,2x0,3ha plots, and then in each of them :
•
Vascular Plants – in the centre of each plot, one line of 3x3m plots has been
placed, with 2m distance between them
•
10 arthropod groups – one pitfall trap (9x15cm, 15% formaldehyde) in each plot
•
Butterflies and moths – two transects which intersect at right angles were
inventoried in the middle of the plot (50m/5min)
Inventories of Araneae et Carabidae

Due to these differences, it is often impossible to reuse the results of inventories
obtained in one study within another, which is disappointing having in mind the
growing quantity of studies on this topic.
The differences presented in the Table 1, are also due to the slightly different
objectives and research hypothesis.
3. OVERVIEW OF BIODIVERSITY INDICATORS
Once the ecological data have been collected, their analysis can be performed
differently in order to determine the ecological value of different restoration
techniques that are subject of the study. This value of resulting biodiversity is
expressed via biodiversity indicators. No standard indicators have been adopted by
researchers and practitioners in the field, and many differences exist in the available
literature. In Table 2 we present different indicators used by different authors.
The indicator common to all studies is the species richness. The indices such as
Shannon [14] (or Shannon-Wiener) Index or Simpson Index [15] are also present
almost systematically. For vegetation, an indicator that is often used is the coverage
that may be observed as average coverage, coverage of herbaceous species or forest
coverage and it can be estimated directly (total number of specimens), or via different
scales(e.g. Brout-Blanquet,Londo, semi-quantitative scale of 1-8). For plants, the
density and relative frequency are often used as well as the height of specimens.
Uniformity and random effects within plant populations are also studied. For different
taxa, some studies often determine the number or the proportion of species present on
national red lists, or the number/proportion of xerophilous specialists for the studies
dealing with quarries and mines.
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Author
VEGETATION
Mines
Hodacova&Prach
2003
Wiegleb&Felinks
2001
Heras et al. 2008

Quarries
Yuan et al. 2006
Wenjun et al. 2008

Novak
&Konvincka,
2006
Mota et al. 2004.
VEGETATION
Quarries
O’Connor
&Aarssen 1987
Rehunkova&Prach
2006
ANTS
Mines
Holec&Frouz
2005
Carrières
Dekoninck et al.
2010
SPIDERS
Quarries
Tropek&Konvicka
2007
BUTTERFLIES
Quarries
Benes et al. 2003

Indicators

Species number
The average cover (abundance estimated visually)
Species number
Cover of herbaceous species (abundance estimated with modified Londo scale)
Proportion of the total vegetation cover (forest cover in%)
Shannon index
Simpson index
Relative abundance of seeded species
Species number
Vegetation cover (forest cover)
Abundance (species and families)
Species number
Abundance
Frequency and relative cove
Relative height
Species number
Vegetation cover (estimated by Braun-Blanquet scale)
Species number
Abundance

Species number
Abundance (Spearman correlation)
Random effect
Species number
% of coverage for vascular plants
Total coverage for bryophytes

Species number
Total Abundance
Shannon-Wiener index
Density (number/100m2), estimated on the field or in the laboratory
Species number
Total Abundance
Shannon index
Uniformity

Species number
Number of xeric species specialists
Number of endangered species (on national level)

Species number
Abundance (Semi-quantitative scale of 1-8)
Number of locally rare species
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Sand and gravel pits
Lenda et al. 2012
Species number
Abundance (total number of specimens)
Simpson index
WILD BEES
Quarries
Krauss et al. 2009
Species number
Abundance
MULTI-TAXA
Mines
Tropek et al. 2012 Species number
Conservatoin value (national red list)
Xeric specialisation
Quarries
Wheater& Cullen Species number
1997
Vegetation cover
Shannon index
Tropek et al 2010
Species number
Proportion of species on national red list
Proportion xeric specialists
Tropek et al. 2008 Species number
Community composition

Table 2. Different biodiversity indicators used in literature

For animal taxa, the abundance is usually estimated by the number of
specimens seen or captured, and presented as density (number of specimens divided
by the surface on which the inventory has been done) or by using semi-quantitative
scales.
We can conclude that a certain homogeny appears in terms of indicators used:
out of 10 studies of vegetation, 9 use the number of species, 6 use the coverage, 5 the
abundance. Out of 24 occurrences of these indicators, 20 correspond to the sole usage
of these three indicators. Out of 10 studies concerning the fauna, 10 use the number
of species, 5 use the abundance, 4 use number of red lists species. Out of 28
occurrences of these indicators, 17 (or more then 2/3) correspond to the sole use of
these three indicators. All the other indicators together account for less than 1/3 of
usages, which demonstrates a rather homogenous practice in terms of indicators.
4. CONCLUSION
In this paper we presented an overview of methods for ecological data
collection and of indicators used in data treatment within studies of biodiversity
restoration efficiency in quarries and sand and gravel pits. For ecological data
collection methods used, even though most of the studies use plots for plants, pitfall
traps for spiders and arthropods and transects for butterflies and bees, their size and
emplacement vary enough to disable comparability of results between different
studies. The observed difference in chosen method is mostly due to different research
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hypothesis. For indicators, we observed a greater homogeneity - the most frequently
used indicators for all taxa being species number and abundance.
While this paper will allow the researchers conducting future studies to identify
possible approaches for their work and inspire from the existing methods, it is
important to emphasise that differences in methodology may limit data reusability
across studies and thus limit the capacity of the research community to make more
global conclusions. It is thus important, when making methodological choices, to
both take into account the context of the work and the applicability of available
methods, but also the potential for reuse of data obtained.
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ABSTRACT
As in most parts of the country, in the city of Smederevo, there are also numerous illegal
landfills / dumpsites with reference to places where the waste is disposed of without any control. This
method of waste disposal, besides being an eyesore and environmental degradation can cause a variety
of diseases of the population and even epidemics of infectious diseases. It is clear that the waste dumps
pose a serious ecological and health problem and must be dealt with in prompt manner, waste from the
sites must be removed and degraded spaces themselves have to be remediated. Most of the "wild"
landfills are located on the territory of rural communities, where there is no organized waste collection
and disposal.
During fieldwork 51 illegal dumps were detected in the city of Smederevo. 37 illegal dumps
were registered in the surrounding neighborhoods while 14 illegal dumps were found within the city
limits.
All identified landfills are marked with a GPS device with the assigned coordinates for each
location in which the landfill is located.
For each of the dumps there is a description of the area (quantity) and waste composition, distance
from populated places, distance from the watercourses and the accompanying photos of the location..
After completing fieldwork collected data was incorporated in the GIS (Geographic Information
System) system. As the final product of the GIS base, maps of illegal dumps were made followed by
tabulations of their descriptive characteristics. These maps, together with proposals for remediation of
landfills and list of necessary actions are given to local authorities. In the discussion possible ways of
remediation of identified illegal dumps are presented.
Keywords: illegal landfills, waste disposal, GIS, remediation

1. INTRODUCTION
Illegal dumps present a chronic problem in the Republic of Serbia. According
to official data of the Environmental Protection Agency of the Republic of Serbia, in
2010 the number of illegal dump sites, reached even 3251, on the territory of our
country [1]. Unfortunately, neither the city of Smederevo is no exception in this
situation. Smederevo is situated in the north eastern part of central Serbia; its territory
belongs to both Danube and Morava valleys. It covers an area of 471.58 km2 and
according to the last census (2011), has a total of 107.528 inhabitants [2].
In the city territory the waste is disposed of indiscriminately and without any
control. As a consequence of such conduct, we have a large number of illegal dumps,
which primarily represent a health risk, and potentially focus for infections. In
addition, it is assumed that the population in the vicinity of the landfill may show
larger number of congenital malformations and reduced weight of infants [3]. It is
clear that the only acceptable solution is fast and complete cleaning of the existing
waste dumps, disposal and removal of waste from these sites and their complete
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remediation. By territorial distribution, most of these dumps are located in rural parts
of the city, where there is no organized waste collection and disposal.
2. METHODOLOGY
During field work tour of locations that have been marked as areas where
illegal dumps are reported was conducted. Also the presence of new, unregistered
landfills was noted. All locations were marked with a GPS device, and after that their
locations were entered into the GIS (Geographical Information System) database,
with detailed descriptions and photos for each of them. This database was delivered
to the authorities in the local government of the city of Smederevo.
3. RESULTS AND DISCUSSION
We have detected total of 51 illegal dumps in the city and their locations were
entered in a database which is done using ArcMap software.In the town 15 illegal
dumps were located, and other landfills are in the territory of rural settlements:
Vranevo, Radinac, Skobalj, Saraorci, Osipaonica, Mihajlovac, Dobri Do, Ralja,
Vrbovac, Kolari, Lunjevac, Suvodol, Binovac, Vučak, Landol, Lugavčina, Lipe,
Šalinac, Kulič, Mala Krsna, Seone, Badljevica, Vodanj, Petrijevo, Udovice, Malo
Orašje i Drugovac
Locations and areas of mentioned illegal dumps can be seen in Tables 1 and 2.
It should be noted that the visit showed that some of the landfills that were on the
initial list were meanwhile cleaned.
Table 1. List of illegal dumps located in the metropolitan area of Smederevo
Place

Location

Area (m2)

1
2
3
4
5
6
7
8
9
10
11
12

GPS
num.
T109
T110
T111
T112
T113
T114
T115
T116
T117
T118
T119
T120

Smederevo
Smederevo
Smederevo
Smederevo
Smederevo
Smederevo
Smederevo
Smederevo
Smederevo
Smederevo
Smederevo
Smederevo

100
600
50
1 400
490
750
10 000
800
100
1 000
800
90

13
14
15

T122
T123
T124

Smederevo
Smederevo
Smederevo

Crossroad entering Smederevo
Bypass - Babin Razboj
From bypass towards Vučak
Prvomajska Street
Revolucije Street
Vučačka Street
Šumadijska Street
Behind OMV gas station
Road towards Lipe
Kovinski put Street
Old road towards Šalinac
Corner of Šalinačka i Đure
Salaja streets
Restaurant Marina
Grčka rupa
Gorička street

Coordinates
X
Y
7487266 4944523
7487430 4944071
7493720 4939882
7493841 4942845
7494781 4943998
7494990 4943254
7495755 4943873
7497520 4942253
7497369 4943744
7495702 4946300
7494908 4946094
7493841 4942845

42
450
5 000

7494590
7495375
7492164

Num.
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4946534
4945070
4944575

Table 2. List of illegal dumps located in the area of rural communities
Num.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

GPS
num.
T1
T2
T3
T5
T6
T7
T8
T9
T10
T12
T14
T15
T16
T18
T24
T30
T31
T32
T45
T47
T48
T50
T51
T52
T53
T55
T57
T59
T61
T62
T63
T64
T65
T66
T67
T71

Place

Location

Area (m2)

Seone
Seone
Udovice
Petrijevo
Vodanj
Malo Orašje
Badljevica
Drugovac
Šalinac
Kulič
Lipe
Lipe
Radinac
Radinac
Vranovo
Mala Krsna
Skobalj
Skobalj
Lugavčina
Saraorci
Saraorci
Vučak
Vučak
Landol
Binovac
Suvodol
Lunjevac
Kolari
Vrbovac
Ralja
Dobri Do
Dobri Do
Mihajlovac
Mihajlovac
Osipaonica
Vrbovac

Prljuša – Dukin potok
Orešac
Širin Čair
Area Bare
Savine rupe
Carevac
Krivo Polje
Orovac

300
30
1 000
1 000
1 120
360
100
1 500
1 200
200
1 000
1 500
20 000
100 000
4 000
2 000
400
15 000
22 500
1 000
2 000
5 000
150
6 000
30 000
2 000
200
10 000
1 500
2 500
900
200
250
9 000
2 500
2 250

Area Zverinje
Bara Leskovača
Stari Radinac
Jelen Do
Badrika River
Ciglana
Račinica
Drenski put
Area selo
Area Lug
Area Ribnjak
Area Vučak vinogradi
Klenovac
Kodina jaruga
Kod česme
Old bed of Ralja river
Area Novine
Area Milutinović
Bus station
Turn for Bačinac
Area Vampirača
Novinska jaruga

Coordinates
X
Y
7486096
4942478
7485479
4944569
7487681
4943478
7488870
4940879
7487718
4939578
7484599
4935792
7483709
4929853
7487497
4933606
7501765
4948208
7502150
4949732
7501805
4942640
7500490
4943496
7498937
4941361
7496036
4940333
7501195
4939720
7502295
4937632
7503261
4934886
7501674
4934355
7507853
4931261
7506444
4927267
7506509
4927349
7494013
4941463
7493721
4939806
7490326
4937265
7488783
4935536
7490831
4933978
7491829
4932437
7493102
4937217
7495812
4936439
7495639
4938179
7496758
4924749
7497016
4928262
7496503
4929082
7497280
4931634
7500279
4930595
7495980
4936096

Landfills are often located near highways and rural roads. Some are located in
close proximity to water courses and some in the watercourses themselves, which are
thus directly affected. Their land areas also vary, from a few tens of square meters to
several hectares. Some villages have certain waste disposal sites, so-called rural
landfills, but realistically the way in which waste is deposited in them is certainly
unsanitary and by no means different from other illegal dumps. Morphological
composition of waste in these dumps is generally similar for all located landfills.
Waste which can be found at these landfills consists mostly of discarded household
waste, bio-waste, various types of inert waste (building materials), packaging waste,
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but also hazardous household waste fraction represented by various chemicals,
batteries, pharmaceuticals waste and WEEE.
Substantial amounts of discarded containers of pesticides, herbicides and other
products used in agriculture, which by themselves represent a hazardous waste were
noticed on the vast majority of the dumps. Also, a serious problem is the presence of
bodies of dead animals, which represent a health risk and a potential source of
infections. [4] The presence of smoke and fire were noticed on numerous dumps.
Fires on landfills pose a particular hazard to human health because the combustion of
plastics and hazardous substances release extremely harmful gases that further
pollute the air and are proven factors that cause various diseases including the most
serious such as cancer. There is no cattle graveyard on the territory of the city of
Smederevo. Some households burn waste in their own backyards, and many residents
throw various types of waste wherever they can. Typically, this is done beside the
roads, in river beds, streams and artificial lakes, etc. Rivers and streams have become
ordinary garbage dumps. Add to this the fact that the land was polluted by improper
use of pesticides and fertilizers, we can say that this will very quickly lead to the
pollution of underground waters which are used to supply the population with
drinking water.
All the water in the wells of drinking water in villages in the Smederevo region of
morava valley, already has an increased content of nitrate, nitrite and ammonium,
and more often it is the case in the villages that have centralized systems of drinking
water in šumadija part. Resolving the issue of the treatment of waste from rural
communities can be expected only when the regional landfill on site Segda-Jelen Do
is finished.
Summarizing the results obtained from the field, it is clear that this problem
must be approached very seriously. Existing landfills can remediated in three
different ways.
• Relocation of the landfill should be performed if it is a very small and if the landfill
is located relatively close to the site of the Regional Landfill. Also, this is the method
of choice for landfills that are located in rugged terrain where other types of
remediation is not possible.
• Partial recovery and isolating the upper layers of the landfill are done, when ground
water can not reach the landfill body, and if there is no significant threat to the
environment. The upper outer layer of geosynthetics is placed and the orbital
channels for atmospheric water are built. The upper layer that consists of humus that
will help vegetation restoration.
• Complete recovery of the landfill, is done by total isolation of waste, with forming
of upper and lower layers of the landfill. It is used when there is a serious risk to the
environment, especially in the case of high ground waters. Complete isolation is
achieved by placing impermeable foil on both sides of the deposited waste. The last
step of this method would be the remediation of degraded areas, and bringing back
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the land to its original purpose. Bio remediation is usually carried out in two phases.
Firstly an artificial meadow is formed. Second phase would be greening by an
permanent plant.
4. CONCLUSION
Condition of waste management in the city of Smederevo that was evaluated in
our research is certainly unsustainable. As a consequence of such a situation we have
detected 51 illegal dumps, and new wild landfills are being created every day and
even during the writing of this article. The main problem is the lack of adequate
infrastructure and systems for waste collection. This problem is particularly acute in
rural areas. In addition, the existing urban landfills, does not meet the minimum
requirements for the safe disposal of waste, while the dispute over sanitary regional
landfill, which is in planned, lasts for years. It is necessary in the near future; to cover
all households in the city with organized system of waste collection, speed up the
work on the construction of regional sanitary landfill on the site Segda-Jelen and
build a cattle cemetery. Regarding the existing illegal landfills, it is necessary to
adopt and implement an action plan for their recovery and remediation. Also, local
governments would have to provide a system of continuous monitoring and control of
remediated locations by the competent services with consistent application of existing
criminal policy in accordance with the law.
REFERENCES
[1] Industrijski i komunalni otpad u Srbiji – podaci Agencije za zaštitu životne sredine, 2011,
Agencija za zaštitu životne sredine, Beograd
[2] Lokalni akcioni plan opštine Smederevo, 2007, Direkcija za izgradnju, urbanizam i građevinsko
zemljište Smederevo, Smederevo
[3] Elliott P, Briggs D, Morris S, de Hoogh C, Hurt C, Kold Jensen T, Maitland I, Richardson S,
Wakefield J, Jarup L: Risk of adverse birth outcomes in populations living near landfill sites.
[4] British Medical Journal 2001, 323:363-368
[5] Anna Catharina B. Berge, Thomas D. Glanville, Patricia D. Millner, Donald J. Klingborg. (2009)
Methods and microbial risks associated with composting of animal carcasses in the United
States. Journal of the American Veterinary Medical Association 234:1, 47-56.

28

DEVASTATION OF RIVERSIDE AREAS BY GRAVEL MINING:
CASE STUDY OF THE BOGATIĆ MUNICIPALITY IN SERBIA
Boris Vakanjac1, Vesna Ristić Vakanjac2, Mirjana Bartula1, Janko Aleksić3
1

2

Faculty of Applied Ecology Futura, Singidunum University, Belgrade, Serbia
Department of Hydrogeology, Faculty of Mining and Geology, University of Belgrade, Belgrade,Serbia
3
Loznica Municipality, Local Community of Jelav, Serbia

ABSTRACT
Collapsed bridges and overpasses, breached flood protection dikes, threatened drinking water
sources, and permanent degradation or ruination of river channels, river banks and riparian zones are
only some of the consequences of illegal and/or uncoordinated sand and gravel mining along rivers in
Serbia. This activity particularly threatens the lower courses of large rivers, such as the Drina, the
Sava, the Zapadna Morava and the Velika Morava. The impacts of haphazard in-channel or nearchannel extraction of large amounts of gravel and sand are presented in the paper, along with a specific
example of devastation of the Drina River in a part of its course that defines the border between two
municipalities and two countries: Bogatić in Serbia and Bijeljina in Bosnia and Herzegovina.
Keywords: gravel mining, profit, devastation, reclamation, Drina River

1. INTRODUCTION
Sand and gravel are sedimentary rocks comprised of loose grains of different
sizes. In geology, gravel is any unconsolidated rock made up of round grains larger
than 2 mm and smaller than 75 mm. Sand is comprised of grains whose diameters
range from 0.05 to 2 mm; in mineralogical terms, sand is largely made up of quartz
particles and muscovite flakes, but also includes particles of zircon, rutile, apatite,
garnet, magnetite, tourmaline and the like. Sand that has traveled a relatively short
distance tends to include feldspars—albite, orthoclase and microcline, in most cases
partly clayey. Large deposits are generally associated with deserts, beaches and river
channels. Gravel and sand are used by the construction industry, and sand is also the
main raw material of the glass industry (sand melted at high temperatures produces
glass).
In Serbia, gravel is generally extracted from river channels. After flushing, it is
referred to as “natural gravel”. Natural gravel is then separated into fraction groups
(Group 1: 0 to 4 mm, Group 2: 4 to 8 mm, Group 3: 8 to 16 mm, Group 4: 16 to 32
mm and Group 5: diameters larger than 32 32 mm).
2. GRAVEL AND SAND MINING IN THE DRINA RIVER BASIN
In Serbia, gravel mining is associated with the lower courses of several large
rivers, such as the Drina, the Sava, the Južna Morava and the Velika Morava, as well
as a number of smaller rivers. Today, a part of the channel and the riverside area of
the Drina River are among the leading mining sites for high-quality gravel and sand,
which feature considerable deposits of this natural construction material.
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Although the study area abounds in this resource, the gravel has neither been
explored in detail nor classified, and there is no data on available reserves. Before the
Drina was impounded (for hydroelectric power plants at Zvornik, Bajina Bašta and
Višegrad), due to its low kinetic energy in the study area compared to the upper and
middle courses, large amounts of sand and gravel had been deposited along the lower
course of the Drina (particularly during periods of high flow). The thickness of the
sand and gravel deposits along the Drina is from about 2 to 10 m [1].
The upstream impoundments of the Drina have rendered the sand and gravel
deposits virtually non-renewable and it is believed that current amounts will continue
to be depleted. As such, annual extraction plans need to take into account that any
excessive mining, beyond the volume the river can deliver, will constitute
exploitation of non-renewable resources.
2.1. Spatial position and hydrology of the Drina River within the Bogatić
Municipality
The Bogatić Municipality is located in northwestern Serbia. It occupies the
northern and northwestern parts of the Mačva District (or of the Drina-Kolubara
Region) and is among the less developed municipalities of Serbia. Its land area is
384.31 km2 (Figs. 1 and 2), including a total of 14 settlements. The Town of Bogatić
is the municipal center and the only settlement with a distinctly urban setting. The
Bogatić Municipality lies adjacent to the state border and the Bijeljina Municipality
in Bosnia and Herzegovina (across the Drina) [2].
The Bogatić Municipality is situated in the Mačva Plain, which dips slightly to
the north. The topography is typical of lowlands, with very small altitude variations.
The lowest point is adjacent to the Bitva River in the village of Glušci (alt. 76 m), and
the highest point is south of the village of Badovinci (alt. 94 m), a difference in
altitude of only 18 m. Terrain gradients do not exceed 0.5% [3].
According to the Spatial Plan [4], the Bogatić Municipality is comprised of
79.46% farmland, 8.65% forested land, 6.86% development land and 5.03% other
land.
The hydrology and hydrography of the study area are of primary importance
from a gravel mining perspective. The hydrographic network of the municipality is
largely characterized by the Drina River (western boundary of the municipality) and,
to a lesser extent, the Sava River. In addition to these two rivers, there are a series of
permanent and ephemeral streams, and a dense network of drainage canals.
The Drina River is the largest tributary of the Sava River. Its total length is 346
km. For the most part (220 km), this river defines the border between Serbia and
Republika Srpska (in Bosnia and Herzegovina). The general direction of Drina’s
course is from the south (Šćepan Polje) to the north (confluence with the Sava at
Bosanska Rača). The Drina has carried large amounts of sand, gravel and other
material and formed numerous bars and islands, such that there are numerous
meanders and arms along its lower course. In its geological past, the lower course of
the Drina built the Mavča-Semberija great floodplain alluvial fan, where it now
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meanders and incises new channels. On the Mačvan side, there are the islands of
Kurovića Ada, Adica, Limanska Ada, Samurovića Ada, Nova Ada and others. In its
lower course, the Drina is up to 200 m wide and 1-6 m deep [5].

Figure 1. Location of the Bogatić
Municipality in Serbia

Figure 2. Spatial position of the Bogatić
Municipality in the Mačva District

The hydrological station on the Drina that best reflects the flow regime in the
Bogatić Municipality is the station at Badovinci. This station was established in 1983
and was in service continuously until 2002.
For the purposes of the present study, the year that exhibited the highest river
stages during that period (i.e. 1996) was selected. When the river stages are high, the
Drina overtops its banks and spreads across the floodplain, where most of the gravel
mining activity is concentrated [6]. The average annual river stage in 1996 was 180.5
cm. The absolute maximum of 345 cm was recorded on 25 November. Given that the
absolute “0” elevation of the staff gauge is at 84.48 m above sea level, the maximum
elevation reached by the Drina in 1996 was 87.94 m (Fig. 3). It should be noted that
the highest stage in recorded history was observed on 8 May 1987 (502 cm or 89.5
m.a.s.l.), while the absolute minimum was registered on 14 September 2000 (-1 cm or
84.47 m.a.s.l.). Consequently, the recorded amplitude during the 20-year period
(1983-2002) at Badovinci was 5.02 m. This pattern affects to a large extent both inchannel and near-channel gravel mining. Namely, during periods of high flow the
mining sites are flooded and at times even mining machinery becomes trapped by
flood waters.
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Figure 3. Absolute stages (m.a.s.l.) of the Drina in 1996 at Badovinci

2.2. Gravel mining and potential impacts on the ecosystem
In the study area sand and gravel mining is often haphazard, undertaken at
arbitrary locations and in undefined conditions. There are many potential
consequences:
a) Material is often excavated from abandoned arms of the river, leading to the
reactivation of such arms (Fig. 4). The mining activity needs to be planned, guided
and controlled. This includes the designation of suitable sites and the definition of
extractable volumes and excavation conditions (Fig. 5).

Figure 4. Abandoned gravel mine: pools,
ponds and reactivated river arms (SASPlanet)

Figure 5. Active gravel mine (SASPlanet):
devastation of mining area (blue – ponds,
grayish-brown – gravel)

b) Along the entire course of the Drina in Mačva, or more precisely from the village
of Prnjavor to the Drina’s mouth, mining is generally undertaken without any
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approvals or permits from water management authorities. In the Pavlović Bridge
area, gravel is excavated on both sides (Serbia and Republika Srpska) (Fig. 6).
Studies show that sand and gravel mining has altered the flow of the Drina.
c) Changing its course, each year the Drina erodes some 200 hectares of land, mostly
fertile arable land, within the territories of the villages of Lozničko Polje, Vidića
Mala, Jelav, Lešnica, Novo Selo, Prnjavor, Badovinci, Salaš Crnobarski and Crna
Bara (Fig. 7).

Figure 6. Drina River: in-channel gravel
mining

Figure 7. Undercut and collapsed right bank
of the Drina, and ruined arable land

d) Re-alignment of the Drina has resulted in parts of Serbian territory now being
located on the left bank and vice-versa, parts of the territory of Bosnia and
Herzegovina now on the left side of the valley.
e) Heavy-duty trucks damage roads within the municipality. Given that gravel mining
is partly illegal, it is not possible to charge fees or obtain compensation that could
in part be used to repair ruined or damaged road infrastructure.
f) During periods of high river stages or heavy rainfall, which result in flooding, fuel,
motor oil and other organic waste substances are readily infiltrated into the
underground and affect groundwater quality in the Drina alluvium. This
groundwater is largely used for drinking water supply or irrigation of farmland,
such that organic pollutants easily reach water sources and farmland.
g) Abandoned mining sites and left-behind scrapped machinery are an eyesore on
already devastated land (Fig. 9).
h) After flood waters recede, some of the water is trapped in abandoned mining pits,
creating ideal conditions for mosquitos to breed.
i) A large number of swamps, ponds and pools at abandoned mining sites are a threat
to passers-by, especially children not accompanied by adults.
j) Gravel excavation leads directly to habitat destruction and consequently to a huge
loss of biodiversity, especially of rare and endangered species. In addition,
degraded riparian habitats result in a loss of or decline in ecosystem productivity
(e.g. fisheries), as well as loss of recreational potential.
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k) Ruination of the riparian zone affects the biocenosis and causes migration (some
species leave their habitats while others invade them). Ecologists claim that in the
most devastated areas the flora and fauna have been completely annihilated.
Plants, fish and game disappear, while craters created by heavy-duty dredges are
left behind.
l) Abandoned mining sites often become illegal dumps, where diverse waste ends up,
potentially including that from slaughterhouses (Fig. 9).

Figure 8. Scrapped vehicles left
behind at a separation site

Figure 9. Dump at an abandoned gravel mining
site

2.3. Profit from sand and gravel extraction
‐
‐
‐
‐

Derived calculation [7]:
Current market price of fertile, arable land per hectare: 300,000 RSD (Serbian
Dinars) ;
Excavation depth min. 5 m, or projected 50,000 m3 of material per hectare;
Price of least expensive fraction: 600 RSD per cubic meter;
Minimum sales proceeds: 30,000,000 RSD per hectare.

The difference in profit margins associated with more expensive fractions
(separated gravel and sand) roughly offsets machinery rental and fuel costs. The
above calculation does not include 10,000 m3 of fertile topsoil, which can also be
sold.
The return-on-investment ratio is 1:10 as a minimum, but can be as high as 1:20
given the price of sand and other fractions.
Consequently, for each 1€ invested, the projected profit is 10-20€.
2.4. Proposed reclamation
An abandoned mining site (old meander, Figs. 4 and 10) has been partly
(naturally) reclaimed (Fig 11).
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Figure 10. Part of old meander.

Figure 11. Natural restoration of biocenosis.

The process could be accelerated by organized development of fishponds, bird
habitats, cycling and jogging lanes, picnic areas and fishing spots.
3. CONCLUSION
In-channel and near-channel sand and gravel excavation along the lower course
of the Drina River earns huge profits for miners. However, such mining operations
are aggressive to the natural environment as mining sites are usually not remediated
after mining ceases. Additionally, large areas of arable land are lost each year and the
river channel is altered. It should be noted that mining cannot be stopped and that was
not the objective of this research. However, miners, the government and local
administrations need to make an effort to protect the environment and improve the
quality of life of the local population.
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ABSTRACT
Current estimates of carbon sequestration in forest ecosystems indicate that the sequestered
amount by 2050 could be between one and two billion tons of carbon per year. Estimates of the
potential dynamics of the carbon cycle within the existing forest ecosystems and reforestation projects
in the future are needed for the successful implementation of the Kyoto Protocol, under which the
implementation of activities relating to afforestation, reforestation, and the realization of projects
related to the re-establishment vegetation and forest management are planned. In order to reach this
kind of data model programs and analysis of the carbon cycle in forest ecosystems can be used.
According to the National Forest Inventory of the Republic of Serbia the total amount of carbon
sequestered in forest ecosystems of Serbia is estimated at 120 237 350 tons. This means that on
average one hectare of forest has approximately 53.38 tons of carbon sequestrated. However, the
question remains of how a particular forest ecosystems deviate from these average values due to
different characteristics such as the presence of different species, age, degree of degradation,
management. All this data can be evaluated by modeling the carbon cycle in forests with the help of
the CO2Fix model. The aim of this paper is to assess how the overall average of sequestered carbon in
the forests of Serbia differs when it comes to assessment for a particular forest ecosystem at the
selected location using the CO2Fix model.
The calculation results show that the average amount of carbon reserves in beech forests in the
management unit "Brusničke šume" is 91.79416 t / ha, and in the forests of spruce 118.2256 t / ha,
which differs from the data in the National Forest Inventory in where the overall average for each
hectare of forest in Serbia is 53, 38 tons of sequestered carbon. These differences are due to various
different characteristics. Further advantage of using this approach is that the existing data indicate only
the total amount of carbon while CO2Fix model gives much more extensive and detailed information
on the dynamics of the carbon cycle in forest ecosystems.
Keywords: carbon sequestration, carbon cycle modeling, forest ecosystems

1. INTRODUCTION
Terrestrial part of the biosphere plays an important role in the global carbon
cycle, and due to the current problems related to climate change, more and more
attention is paid to part of the cycle that is related to the sequestration of carbon in the
biosphere. Forest ecosystems play a particularly important role in the carbon cycle
because they have great potential to bind and retain carbon within their biomass.
Vegetation contains nearly the same amount of carbon as the atmosphere, and
soil twice the amount. Terrestrial net primary production is about 60·1015 g C per
year, half of the total primary production as a result of photosynthesis (120·1015 g C
per year). From the terrestrial biosphere annually about 60·1015 g C goes to soil and
from the soil about 55·1015 g C per year goes back into the atmosphere due to
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heterotrophic respiration [1]. Carbon which is captured in the rocks and sediments,
even though it makes absolutely largest reservoir of carbon, is less involved in the
carbon cycle, because the geological processes that lead to the release of its binding,
such as subduction, the movement of the continental plates, decomposition of rocks,
occur much slower. However, due to anthropogenic extraction and combustion of
fossil fuels, whose accessible reserves are estimated at about 4·1018 g C [2], this
carbon is included in the global carbon cycle.
According to the National Forest Inventory of the Republic of Serbia it is
estimated that the total amount of carbon tied up in forest ecosystems of Serbia is 120
237 350 tons. This means that on average one hectare of forest has about 53.38 tons
sequestered carbon, or 0.33 tons per cubic meter of timber. In addition, the data are
given on the amount of carbon sequestered for the most widespread forest types.
However, there is the question of how a particular forest ecosystem differs from these
average values due to different characteristics such as the presence of different
species, age, degree of degradation, management and others. Another unknown is the
amount of carbon in forest litter, soil and forest products.
This paper tends to, with the help of analysis of available data and application
of CO2Fix model, give answers to these questions. As an example forests of spruce
and beech within the management unit "Brusničke šume" were used.
2. METODOLOGY
There are already a number of ready-made software solutions that contain
models of the carbon cycle, and can be used for modeling of carbon in forest
ecosystems. After analysis of these models CO2Fix [3] has been selected, a program
which was created in order to provide answers and gain new knowledge regarding the
timing of binding of carbon in forests and as a tool that can be used for the calculation
of carbon in projects that mitigate climate change.
2.1. Modeling of the carbon cycle in forests with CO2FIX model
The first version of CO2Fix was developed with the aim to give an insight into
the temporal dynamics of carbon bonding in even-aged stands of the same type of
trees. With it, one could calculate how much such a stand made credits for carbon
emissions. Further development of the program is credited to the implementation of
CASFOR I and II CASFOR (“Carbon sequestration in afforestation and sustainable
forest management”) projects, in which the program was made in a version for the
Windows platform, and a number of options were added that include the ability to
model the stand with different species and age structure, the ability to perform the
correction of the parameters of growth, depending on the density of the stand, the
ability to account the impact of mutual influence between species (competition),
modeling the life cycle of forest products, modeling of the relevant processes
occurring in soil, modeling different forest types and methods of management,
financial accounting, modeling of bio-energy and other.
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The latest version CO2Fix model performs simulations at the ecosystem level
in order to quantify the reserves and fluxes of carbon in forests with the help of
calculations of carbon changes in all relevant areas and reserves of carbon. This
model consists of six modules: Module for biomass; Module for soil; Module for
forest products; Module for bioenergy; Module for calculating the carbon; and
Financial module.
2.2. Management Unit "Brusničke šume"
Management Unit "Brusničke šume" is part of the Golija forest areas. Its entire
area is located in a protected natural park "Golija" with protection regimes I, II, and
III level. Also, its entire area is located in the biosphere reserve "Golija-Studenica".
The current master plan for this management unit is designed for the period of 20112020th [4], and from it most of the data used in this paper are derived.
According to the climatic regionalization, the area to which Management Unit
"Brusničke šume" belongs has all the characteristics of continental climate, highland
climate. Winters are long, sharp and harsh, with cold winds and snowy blizzards.
Springs are very short, as are summers with cool and fresh nights.
For this management unit the most authoritative data are from the
meteorological station Bele Vode. Climatic data for the year 2010 used in the
program CO2Fix are given in table 1 and table 2:
Table 3. Mean monthly and annual air temperature (°C)
Station
Bele Vode

I
-4,1

II
-0,5

III
1,4

IV
3,8

V
6,6

VI
14,4

Months
VII
VIII
14,2 14,4

IX
7,3

X
1,7

IX
80

X
49

XI
-3,1

XII
-3,1

Annual
5,6

Table 4. Precipitation (mm)
Station
Bele Vode

I
78

II
60

III
69

IV
74

V
152

VI
122

Months
VII
VIII
122 103

XI
102

XII
81

Annual
1092

Given that there is not enough information available about the characteristics
and life cycle of forest products, module for forest products and module for biofuels
are disabled in all cases.
For the purpose of the module for biomass it is necessary to enter information
about the specifics of the biomass for each group that will be modeled. These
specifics are primarily related to the characteristics of certain species or groups of
similar species that make up a group. Data on biomass, which are the same in all
cases include an annual growth based on the growth table, the density of wood,
coefficients of allocation and the rate of turnover for leaves, branches and roots, as
well as the initial carbon content and carbon content in dry matter, especially for
trees, leaves, branches and roots.
Due to the lack of measurements and recent data for the given site, growth
tables have been taken from the literature [5]. The data are shown in the tables 3-6.
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Table 5 Input data on the characteristics of biomass - Beech
Parameter
Carbon content (MgC/MgDM)
Wood density (MgDM/m3)
Initial carbon (Mg/ha)
Turnover rate (1/year)

Stems
0,50
0,56
0

Foliage
0,50

Branches
0,50

Roots
0,50

0
1

0
0,03

0
0,06

Table 6 Growth table - Beech
Growth (m3)
0,5
2,0
3,9
5,6
5,9

Age
0
20
30
40
50

Age
60
70
80
90
100

Growth (m3)
6,0
6,0
5,9
5,8
5,6

Table 7 Input data on the characteristics of biomass - Spruce
Parameter
Carbon content (MgC/MgDM)
Wood density (MgDM/m3)
Initial carbon (Mg/ha)
Turnover rate (1/year)

Stems
0,50
0,44
0

Foliage
0,50

Branches
0,50

Roots
0,50

0
0,16

0
0,027

0
0,027

Table 8 Growth table - Spruce
Age
0
20
30
40
50
60

Growth (m3)
1,2
4,2
6,5
8,2
8,8
8,7

Age
70
80
90
100
110
120

Growth (m3)
8,3
7,9
7,3
6,8
6,2
4,6

In the absence of data on measurements of the carbon content in the soil at the
site, an option in the program CO2FIX was used that instead of entering these data
they are calculated on the basis of climatic parameters and present aboveground
biomass. Climatic data are the same for all cases.
In the present case for the beech forests rotation is determined at 80 years and
period of rejuvenation 20 years, while for the spruce forest rotation is 120 years and
period of rejuvenation is 20 years.
3. RESULTS AND DISCUTIONS
From data on biomass, climatic factors (temperature and precipitation) CO2Fix
model calculates the reserves of carbon dioxide and a result (output data) can be
shown in tables and graphs. Our results are shown in figure 1 and figure 2.
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Figure 2. Results of modeling – Beech

The calculation results show that the average amount of carbon reserves in
beech forests in Serbia is 91.79416 t/ha, and in the forests of spruce 118.2256 t/ha,
while according to the National Forest Inventory in each hectare of forest in Serbia
there are 53.38 tons of sequestered carbon. These differences are due to different
characteristics, such as the presence of different types (in this paper only beech and
spruce are observed, the presence of other types is neglected), the mode of
management and the degree of degradation. Also, the existing data indicate only the
total amount of carbon while by using CO2Fix programs we receive much more
extensive and detailed data on reserves of carbon in forest ecosystems.
4. CONCLUSION
The available data on carbon in forest ecosystems in Serbia include only the
total amount of sequestered carbon, the average amount per hectare and distribution
of total carbon reserves by the most common species. These data do not represent the
real situation in the right light because the content of carbon can vary greatly
depending on the preservation, health, age and other factors. By using CO2Fix one
can get extensive information on the status and dynamics of carbon in forest
ecosystems of Serbia.
It should be emphasized that the data that are in use are outdated and for the
sake of accuracy for future research it is firstly necessary to make a detailed
evaluation and analysis in the field as follows:
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Figure 3. Results of modeling - Spruce

• Investigate the characteristics of the biomass of important species
• Drafting growth tables for significant species
• Zoning of forest areas in GIS to determine areas with similar characteristics
which may constitute as a group at CO2Fix methodology
• Financial analysis.
Implementation of the program CO2Fix for modeling of forest ecosystems
exceeds just modeling the carbon cycle and may have a wider significance. This is
particularly reflected in the application in forest management and implementation of
projects of afforestation and reforestation. In these areas, high flexibility of this
program is coming to the fore. In forest management impacts of different ways of
management within a particular management unit can be predicted to find an optimal
solution. Trying out new ways of management can be firstly done by modeling in the
program, and only after that one can go to a specific application if the results are
satisfactory.
All areas in which CO2Fix program can be used show its great practical value
and significance.
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ABSTRACT
All ecological aspects have been analized and studied: biotic and abiotic factors at black pine
cultures in the area of Šumadija. Researched cultures of black pine within 5 experimental fields 30, 40
and 55-60 years old can be found in: 1) good habitats; 2) medium habitats; and 3) bad habitats in order
to see how the same aged cultures act in different habitats. All dendrometric measurements are done,
so is diameter, the height and the tree volume. The analysis and the complete growth calculation are
also done. The stand structure, thickness, height, structure by basal area and volume structure are
shown.
Curved lines are made as significant indicator. Complete statistic data processing has been
done, which proved that there is a big difference between good and bad habitat, based on taxation
elements and null hypothesis. In the end, there’s the conclusion and the process of tending for each
experimental field, as well as growing suggestion.
Keywords: black pine, cultures, Šumadija, ecological characteristics.

1. INTRODUCTION
Black pine cultures are spread in our country in various natural conditions,
depending not only on geographical, orographic and climate factors, but also on
geological base, terrain type and herbal communities [1]. Black pine cultures can be
found on: limestone, dolomite, serpentine, silica stone, which have high influence on
their structure considering certain floristic elements, habitat and the stand solvency.
Therefore, black pine cultures are very important in forest theory and practice [2].
However, it should be mentioned that huge part of black pine cultures is located in
other habitats, whose so-called ecological value is higher than black pine needs. In
other words, black pine is in the terrain where all soil potential can’t be used
completely [3].
The area of black pine cultures in Serbia is 65.200ha, which is huge amount,
considering there is only one species. The total black pine wood volume is
3,099.385m3, which represents big potential in ecological and economic meaning.
Current volume growth for 10 years is 1,435.154 m3. All these facts deserve attention,
and are also encouraging, but on the other hand, they are huge obligation intruded by
forest science [4].

44

2. THE AIM OF RESEARCH
The aim of this work is to research black pine growth as well as all ecological
characteristics of species, which will be dealing with all habitat conditions of
researched area. In other words, the aim of this work can be defined like this [5]:
1. To determine internal structure of black pine stands in the concrete area: thickness,
volume, height and the basal area, and present it through the graph curves. (The
curves will be very important to determine how black acts in different habitats pine);
2. To examine development and growth of individual trees and their influence on
culture growth with emphasis on the influence of tree position in the stand on growth
dynamics of black pine cultures, and duration of production process;
3. To determine the most adequate tending measures, based on all researching results,
and as a priority, if it is possible, to determine the optimal rotation duration.
3. METHODOLOGY AND RESEARCH AREA DESCRIPTION
The research area is forest management area Kragujevac. This area consists of
forestry unit in Gornji Milanovac and one in Kragujevac as well. Concrete measures
of black pine cultures were done in the area of Gruža-Lepenica-Jasenica forest, which
belongs to forestry unit of Kragujevac. Gruža-Lepenica's forest is spread in the area
of 2949ha. 235ha are forest cultures. That's almost 10 percent. It should be mentioned
that these are mostly black pine cultures.
3.1. Experimental fields establishment
Description habitats: The area of research is the altitude of 400-470 m, the
slopes are gentle to moderately steep 5 to 20 degrees, exposure, western, and
southwestern. Forest cover is partially represented, unfavorable process of
humification, is poorly represented dead forest litter, identification substrate of clay,
ferruginuos and quartz sandstone, and serpentinite. There are the following types of
land:
Eutric brown land is located in the first and third experimental field. Ilimerised acid
brown soil, which is located in another experimental field. Finally, we have eutric
silicate land, located in the fourth and fifth experimental field and what is the least
productive land. Experimental fields forming has exceptional meaning, because the
choice of experimental fields will affect the information we get on the terrain in every
way. Experimental fields have size of 25a (50mx50m). The less experimental field,
the bigger factor –F is (to convert to hectares), so the possibility of making mistake
becomes bigger. On the other hand, if experimental field is too big, the less –F is, the
possibility of making mistake is smaller, but, since the experimental field is huge, we
have more measures which increases mistake percentage. 25a fields are the most
appropriate, the most compact, F=4 and they have shown well in practice [6]. In
experimental field selection it was used: tape, theodolite and compass.
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3.2. Data collecting:
Data collecting included: diameter measure, tree height measure and the length
of tree top. All data are entered into database.
3.2.1. Diameter measure:
Diameter measures were done on every black pine tree within experimental
fields, at breast height of 1,3m. Diameter measures are very important because the
volume accuracy depends on these measures accuracy, and later on height measures.
Each tree has measured diameter from all sides, so the mean value is calculated.
Vernier scale was used for measures, while it was taken care of its correctness (large
jaws had to be in parallel). When measuring of every tree in the field is done, all
values are totalized and divided by tree number, so the medium diameter is shown –
Ds-. It has great influence on determine the mean value of basal area –G-. The trees
are sorted by their thickness level.
3.2.2. Height measure
Height measure was also done on every black pine tree within all experimental
fields. It was done using “Blume-Leis” altimeter. The use of this altimeter requires an
extra worker who holds the ruler. Heights can be measured from the distance of 15,
20, 30 or 40 meters. Similarly to diameter, after measuring, all the values are totalized
and divided by tree number, so we got mean height of the stand –Hs. Later, the trees
are classified into height levels in order of making height curve.
3.2.3. Volume determination
Volume calculation was done in this way: Firstly, the trees are classified by
their thickness level, so the tree number in every thickness level is known. Thickness
levels are 5cm wide. When every volume level was calculated, all value levels were
gathered, which gave, as a result, the value of concrete experimental field. It was later
converted into hectares, which was also done to every measuring element. These
values were tested by calculating volume of the medium tree stand (based on Ds and
Hs) multiplied by tree numbers in the stand.
4. RESULTS OF RESEARCH
If we carefully look at graph No1, where all height curves from all five experimental
fields are shown, we can notice following:
a) Red height curve, marked as III experimental field I line, is height curve for
black pine cultures which are 55 years old. Under it, there is black height curve
marked as IV experimental field II line, the same age of 55 years like the culture
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just mentioned above. The conclusion is that the height curve values are higher
when black pine is in better habitats;
b) Similar situation can be seen with younger cultures. On the same graph, height
curve is marked red, first experimental field I line. Under it, there is blue height
curve which is marked as V experimental field II line, both cultures 30 years
old. And here, as well, red height curve is above blue one. Experimental fields III
and I are on eutric brown soil, the most productive in these researches, while
experimental fields IV and V are on poor shallow humus-silicate soil. It is
obvious that black pine has recognized better habitats-soil which resulted
through height curves as a very significant result.

Graph 1. Height curves for the five experimental fields.

Graph 2. Graphic display increment volume, 5 sample plots.
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This is very important indicator for black pine cultures of this area, because it is
known that height curves show internal development of the stand. After all, based on
every measuring element of every experimental field, it is quite clear that all the
consequences of late and inadequate tending are obvious. The primary consequence
is, above all, reduced growth, worse culture image in general, lower vitality and
increased sensitivity to the wind and snow influence.
5. TENDING MEASURES
Process of tending for the first experimental field: IT IS RECOMMENDED:
Low thinning – medium strength with thinning intensity of 5-8 years. The action
strength by tree number is N-33%, by basal area G-30,36%, by volume V-30,42%
and by current volume growth Iv-31,7%.
Process of tending for the second experimental field: IT IS
RECOMMENDED: High thinning- with the best tree selection for the future tress, as
foundation of future development and growth- with thinning intensity of 8-10 years.
The action strength by tree number is N-34,83%, by basal area G-33,12%, by volume
V-33,14% and by current volume growth 41,66%.
Process of tending for the third experimental field: IT IS RECOMMENDED:
Selective thinning moderate strength with selection of tress of future, and with
thinning intensity of 5-8 years.
Process of tending for the fourth experimental field: IT IS
RECOMMENDED: Stronger selective thinning with selection of certain trees of
future numbers, with thinning intensity of 8-10 years. The action strength by tree
numbers is N-32.38%, by basal area G- 28,39%, by volume V-28,41% and by
current volume growth Iv-36,25 %.
Process of tending for the fifth experimental field: IT IS RECOMMENDED:
Stronger thinning, in order to remove every low quality phenotype, with thinning
intensity of 5-8 years. The action strength by tree numbers is N- 37,66%, by basal
area G-32,88%, by volume V-31,69%, and by current volume growth Iv-31,84%.
6. CONCLUSION
Black pine, precisely black pine cultures in this area, have shown justification
of black pine infiltration into better habitats. Not only the height, but the diameter is
much bigger in better habitats within the cultures of the same age. Mean diameter of
pine cultures 55 years old in better habitat is Dg-31,4cm, while mean diameter of
other pine cultures of the same age in worse habitat and soil is Dg-29,80cm. We find
the same situation with younger pine cultures. At first experimental field in better
habitat Dg is 16,5cm, aged 30 years. At other pine culture of the same age in worse
habitat Dg is 16cm.
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ABSTRACT
Illegal dumps contain unselected waste and generally occupy relatively small areas of land.
They tend to crop up by the roadside near settlements or adjacent to rivers (usually downstream from
settlements), or in depressions of abandoned gravel or stone mines. From a hydrogeological
perspective and with regard to groundwater and surface water protection, terrains that feature
unconfined aquifers (alluviums, alluvial fans, etc.) are not suitable for any type of dumping, including
sanitary landfills, given that the small depth-to-groundwater is conducive to groundwater pollution by
leachate. This is one of the main reasons why hydrogeological, hydrological, meteorological and
engineering geology research and testing are needed before areas are designated for sanitary landfills.
Keywords: illegal dumping, unconfined intergranular aquifer, air pollution, groundwater pollution,
reclamation, Bogatić Municipality.

1. INTRODUCTION
Illegal waste dumping is a landscape eyesore. More importantly, however,
illegal dumping affects the quality of air, water and soil, and consequently the health
of the population that lives in the vicinity. Waste dumps impact air quality in two
ways: (1) Illegally dumped waste is often burned. Burning creates a risk of largescale fire on the one hand, and on the other the smoke from the burned waste likely
contains toxic substances that impact human health. (2) Volatile compounds emit
stench.
Heavy rainfall, or even protracted light rainfall, moistens, soaks and dissolves
dumped harmful substances. At an illegal dump site, the leachate is infiltrated into the
ground, where it moistens the soil below and around the site and ultimately leads to
groundwater pollution. This is especially pronounced in areas where the ground is
made up of rocks that are characterized by intergranular porosity (alluviums, river
terraces, alluvial fans, etc.), as well as in karst. Additionally, in some areas during
periods of heavy rainfall the water table may rise to the very ground surface, where
groundwater then comes into direct contact with harmful substances from haphazard
dumps. This might lead to permanent contamination of the aquifer, in some cases to
the extent that even subsequent treatment cannot improve the water quality to a level
acceptable for industrial use.
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People who reside near illegal dumps are liable to contract waterborne diseases,
but also those spread by carriers (flies, rodents, birds, animals) that inhabit dump
sites.
2. ILLEGAL DUMPING IN
(UNCONFINED AQUIFERS)

INTERGRANULAR

ENVIRONMENTS

Aquifers are geological media completely or partially saturated with
groundwater and recharged by infiltration of precipitation or surface water. They are
formed above an impermeable substrate, which slows down the flow and enables
groundwater storage. In general terms, aquifers are classified as unconfined or
confined (pressurized). Given that the object of this research is related to unconfined
aquifers, only that type of aquifer will be considered in detail. Unconfined aquifers
are most often found in Quaternary and Neogene sediments (rocks of intergranular
porosity), but also in karstified geological settings (karst porosity). The lower
boundary of the aquifer is the impermeable floor and the upper boundary is the water
table. Each aquifer features a particular areal extent and a recharge zone, storage zone
and discharge zone (Fig. 1).
From a hydrogeological perspective and in terms of groundwater and surface water
protection, terrains of this type are an ill-advised choice for any type of dumping,
including sanitary landfills [9].
The primary reason for this is that in such settings there is almost always a
direct hydraulic link between the alluvial aquifer and the river. As a result, aquifer
recharge and drainage are in general directly related to river stages, depending on the
season during a hydrologic year. An example of a potential accident situation in such
hydrogeological conditions, caused by elevated river stages, is schematically
represented in Fig. 2.
This is yet another reason why it is necessary to conduct hydrogeological
research, but also hydrological investigations and testing, to determine seasonal
fluctuations of both the river and the aquifer in direct hydraulic contact with the river
[10].
The terrains described above are also highly unsuitable from a
geomorphological perspective, given that they are often flooded and constitute
floodplains in the lower courses of rivers. River terraces, alluvial fans or lacustrine
sediments, whose hydrogeological characteristics are generally similar to those of the
aquifer, are also unsuitable sites for any type of dumping, from both hydrogeological
and engineering geology perspectives. Such hydrogeological characteristics and
ground conditions should disqualify these areas from consideration as potential waste
disposal sites [10].
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Figure 1. Areal extent of alluvial
aquifer
(a – planform, b – elevation) [7]
1. waterless rocks; 2. water-bearing
alluvial sediments; 3. water table; 4.
watershed boundary (water divide); 5.
hydrogeological section.

Figure 2. Schematic
representation of potential
groundwater pollution due
to elevated surface water
level and/or groundwater
level (after Rakijas, 2010).

3. WASTE DISPOSAL IN THE BOGATIĆ MUNICIPALITY
3.1. Geographical and meteorological conditions in the study area
The Bogatić Municipality is located in northwestern Serbia. It occupies the
northern and northwestern parts of the Mačva District (or of the Drina-Kolubara
Region) and is among the less developed municipalities of Serbia. It is comprised of
14 settlements. The town of Bogatić is the municipal center and the only settlement
with a distinctly urban setting. The land area of the municipality is 384.31 km2 and
according to the 2011 census the population was 28,879. The Bogatić Municipality is
situated in the Mačva Plain, which dips slightly to the north. The topography is
typical of lowlands, with very small altitude variations. The lowest point is adjacent
to the Bitva River in the village of Glušci (alt. 76 m), and the highest point is south of
the village of Badovinci (alt. 94 m), a difference in altitude of only 18 m. Terrain
gradients do not exceed 0.5% [3, 5 and 6].
The primary source of climate and weather data recorded within the Bogatić
Municipality was the National Hydrometeorological Service of Serbia. The data came
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from three rain gauge stations: Badovinci (alt. 85 m), Bogatić (85 m) and Glušci (80
m) [2]. The study encompassed the period from 1946 to 2006. For insight into the
pluviographic regime of the Bogatić Municipality, Table 1 shows average annual
precipitation totals, absolute annual values and the year when recorded, as well as
precipitation levels typical of the growing and non-growing seasons, given that nearly
80% of the territory is farmland. Table 2 shows average monthly and average annual
precipitation levels recorded by the same stations.
Table 1. Absolute values and average annual precipitation totals, and precipitation totals
during the growing season and non-growing season (mm), 1949-2006
Pyr,av Pyr,max
Year
Pyr,min
Year
Pn-gr
Pgr
Station
714.1
1056.8
1955
324.4
2000
330.6
383.5
Badovinci
684.3
1015.7
2001
390.0
2000
311.7
372.6
Bogatić
668.9
1189.7
2001
343.8
2000
302.7
366.2
Glušci
Table 2. Monthly and annual precipitation totals (mm)
Month

Jan.

Feb.

Mar.

Arp.

May

June

July

Aug.

Sep.

Oct.

Nov.

Dec.

Year

Badovinci
Bogatić
Glušci

53.6
48.5
47.8

48.5
45.3
44.9

48.6
45.7
43.7

56.8
54.1
53.3

64.1
66.9
62.4

82.6
82.2
86.5

68.4
66.2
65.1

61.8
55.4
52.2

49.7
47.8
46.8

50.8
49.7
48.0

63.8
61.8
59.9

65.2
60.7
58.5

714.1
684.3
668.9

In general, long-term average precipitation levels in the Bogatić Municipality
during the study period ranged from 668.9 mm (at Glušci) to 714 mm (at Badovinci).
The absolute minimum annual precipitation total of 302.7 mm was recorded in 2000
(at Glušci), while the maximum of 1189.7 was observed at the same station in 2001.
During the growing season, which is of particular importance in the study area, the
average was about 55% of annual precipitation, or some 45% during the non-growing
season (Table 1). The intra-annual distribution (Table 2) shows that, on average, the
month of June exhibited the highest precipitation totals at all stations, followed by
May and July. January, February and March registered the lowest precipitation totals.
These conditions generally favor a largely agricultural area. Given that daily
precipitation totals are extremely important for the planning and design of any waste
disposal site, the probabilities of recurrence of the historical maximum daily
precipitation totals at the considered stations were assessed (Table 3). It is apparent
from Table 3 that the maximum daily precipitation total during the study period of
85.3 mm was recorded at Badovinci. The expected maximum over the next 100-year
period is 132.5 mm.
Table 3. Probabilities of occurrence of maximum daily precipitation totals Pday
Weather station
Parameter
Pmax,p (mm)
Cv
Cs
0.1
1
5
10
Pday,max
85.3
0.343
1.224
132.5
94.5
71.8
62.4
Badovinci
62.6
0.250
0.069
72.7
64.8
57.4
53.4
Bogatić
71.6
0.361
0.967
130.3
90.6
67.2
57.9
Glušci
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3.2. Hydrological and hydrogeological characteristics of the study area
The unconfined intergranular aquifer is found in a Quaternary sand-and-gravel
complex. In planform, these deposits are present in the entire Bogatić Municipality,
as well as beyond, across the Mačva District. The vertical extent of the rocks is
considerable. In the Mačva District, the greatest thickness of the sand-and-gravel
complex was registered in the areas of Badovinci (162 m), Crna Bara (81.3 m),
Crnobarski Salaš (87 m) and Bogatić (76.5 m) [8].
Within the zone of the Drina and Sava rivers, the sand-and-gravel formations of
the terrace type are directly linked to alluvial gravels and through them are in good
hydraulic contact with the rivers. In the Badovnici, Klenja and Crnobarski Salaš
areas, and to a lesser extent in Upper Zasavica, the sand and gravel sediments emerge
on the ground surface.
The aquifer is recharged in several ways. When groundwater levels are
minimal, the aquifer is largely recharged by infiltration of surface water from the
Drina and Sava rivers. The river gauging station on the Drina that best reflects the
regime of this river within the Bogatić Municipality is the station at Badovinci. This
station was commissioned in 1983 and operated continuously until the year 2002. The
highest river stage on record was observed on 8 May 1987 and amounted to 502 cm,
or 89.5 m above sea level, while the absolute minimum was recorded on 14
September 2000 and amounted to -1 cm (84.47 m a.s.l.) [1]. As such, the 20-year
(1983-2002) amplitude at Badovinci is 5.02 m, which is extremely high given that
the maximum altitude variation within the Bogatić Municipality is only 18m.
The small watercourses that run through the Mačva District, especially the Jerez
and the Bela Reka, often overtop their shallow channels, flood vast areas and
intensify the infiltration rate. The aquifer is also recharged by water coming from
peripheral Pliocene sediments, characterized by large-scale water logging. Finally,
some recharge is attributed to infiltration of precipitation from within the entire
territory, particularly in its southern parts where the semi-permeable overlying strata
are relatively thin [8].
At maximum groundwater levels, the aquifer is largely discharged into the
Drina and Sava rivers. Some of this water is lost to evapotranspiration and some
extracted for household and industrial water supply. The depth-to-groundwater during
the year can be determined by monitoring groundwater levels using a network of
existing observation wells. The smallest depths-to-groundwater (less than 1 m) have
been recorded in the central parts of the Mačva District and these areas are
occasionally flooded. Greater depths-to-groundwater, of 2-5 m, have particularly been
observed between the villages of Novo Selo, Badovinci and Ribari (Figs. 3 and 4) [8].
Public water supply within the Bogatić Municipality is provided only in the
town of Bogatić (22.3% of the municipal population). Other populated areas have no
access to public water supply and use private wells instead [4].
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Figure 3. Map of maximum groundwater
levels, March 1970 (Lazić, 1992)
1– surface water, 2 – observation well, 3 –
hydroisohypse, 4 – direction of groundwater
flow.

Figure 4. Map of maximum groundwater
level isobaths, March 1970 (Lazić, 1992)
1– surface water, 2 – observation
well, 3 – depth to groundwater, 4 –
populated area.

It should be kept in mind that groundwater levels in the Bogatić Municipality
are very high, occasionally emerging on the ground surface. As a result, wastewater,
or dump site leachate, comes into direct contact with groundwater and creates
conditions for permanent groundwater pollution.
This is conducive to epidemics of waterborne diseases, since a portion of the
population in Bogatić and nearby villages uses water from shallow water-bearing
strata for their drinking water supply.
3.3. Waste dumps in the Bogatić Municipality
There is no sanitary landfill within the Bogatić Municipality. Household waste
is either transported to a neighboring central landfill or disposed of at temporary
(illegal) dump sites in local communities.
The central landfill that provides waste disposal services to the municipality is
located at Nišno Polje, some 2 km west of Bogatić. Its surface area is 3ha 35a 26m2.
It was commissioned more than 10 years ago and has an access road and a guard hut.
It is fenced off for the most part. There is also a landfill for construction materials and
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debris on neighboring territory, near the regional road R-208A, some 6-8 km from the
center of the town of Bogatić towards Zminjak.
Other populated areas within the municipality feature one or two makeshift
dumps each. These are generally located outside of or in peripheral parts of villages.
Depending on the size of the village, the size of the dump site is from 0.6 to 3.3 ha
(Table 4) [4]. The total surface area of all dump sites is about 20 ha and all have the
same problem of haphazard and non-sanitary waste disposal. Two common features
of all these dump sites are that they lie adjacent either to the regional road (e.g. at the
village of Metković) or local roads, and that they are surrounded by farmland (Figs. 8,
9 and 10). Given that the maximum daily precipitation total recorded in the study
period (1949-2006) was 85.3 mm (Table 3), it follows that during that particular
rainfall episode a total of 17,000 m3 of water reached the dump sites. The expected
100-year rainfall (Table 3) will deliver 26,500 m3 of water. The water soaks and
dissolves potential pollutants on the dump site and, along with them, is infiltrated into
the ground and reaches the water table through the force of gravity. The result is
groundwater pollution as well as pollution of the soil, which is largely used for
farming. Consequently, harmful substances affect human health via the crops grown
in the immediate vicinity of the dump sites. The impact of leachate containing
harmful substances is readily apparent even in satellite imagery (Figs. 5 and 6).
Table 4. Coordinates of peripheral parts of microlocations of illegal village waste dumps
within the Bogatić Municipality [4]
Village/location
Coordinate
Easting
Northing
Altitude
Surface
system
(m a.s.l.)
area of
illegal
dump (ha)
91
2.30
Gauss Krüger
7384337
4959964
Abandoned
gravel mine
UTM 34N
383939
4958984
WGS
Gauss
Krüger
7388045
4964160
84
0.70
Belotić
UTM 34N
387646
4963179
WGS
Gauss Krüger
7385456
4969962
84
1.20
Metković
UTM 34N
385057
4968978
WGS
Gauss Krüger
7387160
4971355
87
0.50 + 0.40
Glušci
UTM 34N
386762
4970372
WGS
87
0.40-0.60
Gauss Krüger
7388883
4970435
Uzveće
UTM 34N
388484
4969451
WGS
86
1.70-2.60
Gauss Krüger
7376593
4970952
Sovljak
UTM 34N
376197
4969968
WGS
Gauss Krüger
7373870
4968605
88
1.20
Glogovac 1
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Glogovac 2

Banovo Polje

Klenje

Očage

Garibovac

Kurtovića Ada

Salaš
Crnobarski
Crna Bara

UTM 34N
WGS
Gauss Krüger
UTM 34N
WGS
Gauss Krüger
UTM 34N
WGS
Gauss Krüger
UTM 34N
WGS
Gauss Krüger
UTM 34N
WGS
Gauss Krüger
UTM 34N
WGS
Gauss Krüger
UTM 34N
WGS
Gauss Krüger
UTM 34N
WGS
Gauss Krüger
UTM 34N
WGS

373475

4967623

7374223
373828

4968926
4967943

89

0.70

7379438
379042

4975401
4974416

83

1.46

7374840
374445

4961504
4960524

90

0.80

7374364
373969

4956995
4956016

98

0.30

7374307
373912

4962210
4961229

96

1.60

7368987
368594

4956181
4955202

98

0.50

7371969
371574

4965798
4964816

92

1.20-1.60

7372328
371934

4971835
4970852

86

0.90

4. CONCLUSION
Soil is a basic constituent of any ecosystem. Its properties generally determine
the amount of organic matter that plants will produce through photosynthesis. Soil is
also a habitat for many living organisms. Adverse changes to physical, chemical and
biological soil properties lead to reduced fertility and can affect the functioning of an
entire ecosystem.
Illegal waste dumps are among the most dangerous pollution sources. There are
many such dumps in Serbia, by the roadside, next to rivers, and the like. Inadequate
locations of waste disposal sites can considerably affect the quality of groundwater
and surface water, leading to water pollution by organic and inorganic substances.
Additional adverse effects of such sites include their impact on air quality by volatile
components found in the waste, as well as frequent burning of waste. Finally, the sites
are often invaded by rodents that transmit various diseases.
A well-organized sanitary landfill requires the involvement of municipal
authorities, as well as considerable funding. In general terms, protection measures
include reduced amounts of pollutants used in agriculture, good landfill management,
and growing plants able to absorb pollutants, even toxic substances.
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Figure 5. Waste dump at abandoned gravel
mine, SASPlanet-Google Earth.

Figure 6. Waste dump at Glušci, SASPlanetGoogle Earth, showing leachate reaching
farmland.

Figure 7. Waste dump at Metković, adjacent to the
regional road.

Figure 8. Waste dump at Glušci, next to
farmland.

Figure 9. Waste dump at Uzveće, access road
adjacent to farmland.

Figure 10. Waste dump at Uzveće, next to
farmland (current crop tobacco).
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The Serbian National Waste Management Strategy calls for regional projects
aimed at reducing waste and increasing the proportion of recycling. Waste disposal
issues of the Bogatić Municipality will partly be addressed though inclusion in the
regional landfill project for the Mačva and Srem districts, which will service the
municipalities of Loznica, Šabac, Bogatić, Vladimirci, Krupanj and Mali Zvornik
(total population 296,000, producing 189 tons of waste per day). If and when this
regional landfill is put in place away from the territory of the Bogatić Municipality,
the existing dump sites should be retained or new locations designated, to serve as
transfer stations or recycling yards.
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ABSTRACT
Old abandoned industrial areas are the part of the brownfields and they are the result of the
economic changes. Because the abonnement and degradation, the environment, society and economy
has negative consequences, which are reflected in the overall development of the local and regional
environment. Their renovation enables the sustainability of spatial development, but only, if they are
well planned and sustainable planned.
In this paper we present a model of the sustainable revitalization of old industrial areas, based
on a holistic approach. They include three general components of sustainability: environment, society
and economy, and is added fourth component, called the material circuit. The model highlights the
importance of the equality and connectivity of individual components of development and their causal
links. Also is the basis for determining the criteria for sustainable revitalization of old industrial areas.
Criteria were determined with the method of analysis of different types of resources (scientific articles,
European legislation and best practice examples). The criteria are guidelines for achieving sustainable
revitalization of old industrial areas.
Keywords: sustainable development, old industrial areas, revitalization, criteria, holistic approach

1. INTRODUCTION
Opportunity for achieving the sustainable spatial development is in the
revitalization of degraded areas. This realized internal development space, which
makes it possible to not build on green spaces, but operates within the already
building sites. This prevents the dispersed settlement and preservation of green areas.
The most numerous examples of brownfield sites are old industrial areas (OIA). As
stated in the European Urban Agenda [4] the revitalization of the brownfields
surfaces are limited green space and retain the quality and functions of the soil, also
acquires new space with changed functions in order to achieve social attractiveness
and the new opportunity for economic performance of this area.
Revitalization of OIA is an alternative spatial development of existing and
Eylon [5] says, that the revival of OIA enables sustainable development, because in
them eliminate the environmental pollution, place become an attractive living and
working environment and improves their visual image, which lead to greater
affiliation of the company in this area. Revitalization also influenced on the
structural change in the land use, starts to dominate mixed use with the low impact of
production activities, which are high-tech oriented and environmentally safe. Many
experts [2, 3, 4, 14, 17] are also of the opinion, that the revival of OIA solve the
structural problems of urban areas because of the returning jobs, increase the number
of new housing and create energy-efficient urban life, which reduces the settlement
pressure on the edges of cities. The revitalized area must be made sustainable,
60

because otherwise, it may happen, that after some time can the revitalized area again
become degraded and abandoned. In this paper we present a holistic model of
sustainable revitalization, which was the basis for determining the criteria of
sustainable revitalization of OIA, which are guidelines and key features of sustainable
development [1, 12] of the revitalized OIA.
2. METODOLOGY
Model of sustainable revitalization of old industrial areas has been developed
with the help of the study of literature, where we reviewed the available scientific
articles in the field of sustainable revitalization of degraded areas. Based on these
findings, we have created a new model of sustainable revitalization of old industrial
areas, which is based on the integrity and prevent the recurrence of degraded areas,
protect the environment, promote social and economic development.
Next we select the criteria for sustainable revitalization of OIA with the use by
the illustrative methods. Selection was conducted in two parts. In the first part we set
wider range of the criteria, which is based on a review of three types of sources:
professional literature, development strategies and examples of good practice. In the
second part of the selection criteria we use the comparative method. By selection of
right criteria was used the number of citations in all criteria examined sources. In the
end, we chose those, which have achieved the highest number of publications and
appeared in all three types of sources.
3. HOLISTIC MODEL OF THE SUSTAINABLE REVITALIZATION OF
OLD INDUSTRIAL AREAS
Sustainable revitalization of OIA must be fully implemented; it is
recommended that it based on the complexity and interconnections [3, 20]. Because
of the view of the importance, of the integrity, complexity and causation factors of
development we have created a new interpretation of the sustainable revitalization of
degraded IOA, which is called: Sustainable revitalization of degraded OIA take into
account the interconnectedness of all factors of development, which are equivalent to
each other and merged into a whole to maintain steady state of the environment [11].
This definition can be achieved with the content points of the industrial ecology.
The development of industrial ecology is linked to the understanding of the
impact of industry on the environment. It is based on emulating the characteristics of
the natural ecosystem in order to reduce the environmental impacts of industrial and
commercial activities and maintain a balance. Sustainable revitalization, with the
accession of the industrial ecology, would be one, where the re-development of the
area will be so planned, that will be establish a closed system with no waste. In this
system it was entering a solar or wind energy conversion [10]. In the renovated area
would only operate those activities, which will have one of other benefit and for
their operation would not need external resources, but only local (internal).
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Model of sustainable revitalization is called a holistic model of sustainable
revitalization OIA. It has three basic components and added a fourth, which is named
material circuit. The components of model are [11]:
1. Natural capital - represents all the physical factors of the environment to
enable the development: renewable and non-renewable resources, water, soil, climate
[13], that people use for their own benefit, but only so, as to maintain stability within
the natural system. From the perspective of the revitalization of OIA natural capital is
important, because it offers a number of natural resources and ecosystem services to
provide high-quality living environment. Ecosystem services are taken into account at
the stage of the revitalization, which refers to the cleaning of the environment and
maintain the quality of the environment and the resources are important in the
planning of energy supply. By the preventing of the pollution and increasing the
ecosystem services in the renovated place play an important role green infrastructure
system. They revive the function of natural ecosystems and develop long-term
sustainability. Green infrastructure systems enable clean water, healthy soil, shade,
shelter, recreation, so for the man needed ecosystem services for quality of life [8].
Also, it enables to maintain an internal dynamic of the environment.
2. Sustainable society - is fair and equitable. Social justice is a condition for
establish and maintain the stability of the natural capital within the carrying capacity
of the environment. Be achieved by providing equal rights to all for the economic
development of regions and countries, with rights to quality of life, with the freedom
of people, with the establishment of social democracy and public participation [13].
Fairness in the revitalization of IOA means to ensure the establishment of conditions
of employment. There are develop the diverse economic activities, taking into
consideration the development objectives and needs of the region, and also the
intellectual potential. Analysis of local needs area focuses on a young and active
population, but also includes the older, which allows the possibility of retraining for
jobs that are the region need. It is therefore necessary in the design and
implementations of revitalization include local people, their needs and desires. In the
revitalization of SIO is also considered a public-private partnership that offers all the
same rights to invest in the revitalized area. The social sustainability should be
included socially responsible companies, who care for justice between employees, for
the environment in which they operate, for the well-being of its workers with
adequate working conditions [9].
3. Local economy - The success of local economies based on natural resources,
existing infrastructure, labour supply, which is taking into account the research and
innovation potential of the local environment [7]. The local economy operates within
the carrying capacity of the ecosystem. Therefore, enterprises must operate in the
fight against climate change by reducing CO2, to be more active in innovative
technology with production of products that enable new ways of solving
environmental problems. With this they can achieve energy efficiency, reduce
consumption of natural resources and energy consumption, use environmentally
friendly materials and alternative energy sources and recycle and recover waste. In
this way of revitalization the waste becomes the raw material for further
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manufacturing in the industrial area [18]. The local economy is also being
restructured and because of this, is loss of certain jobs, but at the same time develop
new, and therefore require reallocation from sectors that are shrinking in sectors that
are expanding. The local economy should also be as much as possible selfsufficiency, which, according to Vovk Korže [19], is a successful a shift towards
nature itself, where it is considered that there is no substitute natural resources. From
the perspective of the self-sufficiency economy is possible to establish an internal
connection and reduce transport routes, reduce carbon footprint and develop
activities, which is need the local environment [19].
4. Material circuit – In the revitalized OIA are formed industrial mechanisms,
where material flows represent a direct link between the environment and itpositioned activities [10]. The whole cycle of industrial metabolism begins with the
exploitation of natural capital. Following production, that substance use extra energy
to produce new products that are intended for consumption. The used materials
continue its journey to its final deposit of. This circuit causes yet the need for the
additional energy, which is use by transformation of these materials. In fact, in the
industrial metabolism are two-cycle, next the original is formed additional, that
support the first. Each additional cycle is caused the environmental changes [14]. To
establish a material cycle should be the renewed activity in the revitalized OIA
combine so, that can make between them occurred symbiotic relationship. That is
beneficial, because it reduces the use of resources, prevent pollution and effect
positive on the further development of the area. Provision should be made, that
traditional industrial linear material flow will be transformed into a circuit, where the
waste of one procedure represent a raw material for another.

Figure 1. The scheme of the sustainability model of the revitalized old industrial areas
(Is adapted from the concept of the complex links between the components of the sustainable
development (http://www.eolss.com/eolss/5a.htm))

This minimizes the amount of waste and the risk of re-contamination of the
redeveloped area is reduced, at the same time is creating a competitive environment
for local development, where the benefits accrue society [10].
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Achievable concept of sustainability in the revitalized OIA is a model of the
holistic sustainable revitalization of OIA, which is the result the complexity and
comprehensiveness of the development. Between the components is not established
the hierarchy, considered that each component of the development has equal
importance and all must be equally involved in the development, because they are
related to the effects, which between them cause.
4. CRITERIA OF THE SUSTAINABLE REVITALIZATION OF OLD
INDUSTRIAL AREAS
Analysis of the sources is determined 10 environmental sustainability criteria
that have occurred together 108 times. Most occurs criterion in all sources is the
decontamination of the environment. Parsing of environmental criteria in the
literature showed that the most frequently encountered are criteria energy efficiency,
decontamination of the environment, conservation and enhancement of green spaces
and conservation of natural resources, while the strategies were most often mentioned
the environmental efficiency, conservation and enhancement of green spaces and the
use of renewable energy sources
Table 9. The frequency of the environmental criteria in the sustainable revitalized OIA in
sources.
Criterion

Energy efficiency
Correctly waste management
(recycling and recovery)
Decontamination of the
3
environment
Preservation and increasing
4
green areas
Caring for the effective
5
protection of the environment
and the use of green
infrastructure
Caring for the effective
6
protection of the environment
and the use of green
infrastructure
The use of alternative energy
7
source
Reducing greenhouse gas
8
emissions
Reducing energy consumption
9
10 The use of environmentally
friendly materials
TOTAL

1
2

The frequency of
of selected
criteria in the
literature

The frequency of
of selected criteria
in the strategies

The frequency of of
selected criteria in the
examples of good
practice

7
4

5

2
1

22

2

7

12

2

5

6

TOTAL

14
5
31
19

2
8

10

1

1

5

2

2

6

2

1

4
3

1

72

15

12

64

21

9
9
5
3
108

In the analysis of selected examples of good practice were the most detected
the criteria decontamination of the environment and also the conservation and
enhancement of green space.
Analysis of the frequency of social sustainability criteria in the sources has
identified 13 criteria that have emerged together 85 times. Most quoted criterion was
the preservation of cultural heritage, because it maintains the historical identity of the
area, which may affect the visibility of the re-development of degraded areas [6].
Economic criteria of sustainability were defined 17 different criteria, which have
occurred 133 times. Depending on the number of citations for each economic
criterion had been exposed four, which are mostly citied: the creation of mixed-use
space with functional changes, modern infrastructure, revives the economy through
the development of small and medium-sized enterprises and new jobs. As the most
important economic criterion is the mixed use of space with functional changes with
new jobs, which is recorded in all groups of resources. Both of these criteria represent
a new start of the development.
The principle of the material circuit is in terms of content defined with two
criteria: the link between business actors and re-use of waste materials.
Table 2. The frequency of the social criteria in the sustainable revitalized OIA in sources.
Criterion

1

Improving the quality of life
in the environment
Possibility of professional
2
retraining
Preservation of cultural
3
heritage
Meet the different needs of
4
the local population on one
place
Participation of various
5
stakeholders in the proces
of the revitalization
Improving public safety
6
The visual renovation of
7
the environment
Improving social well‐being
8
Higher adherence to the
9
area
10 The availability of people to
green spaces
11 Educational opportunities
in the environment
12 Responsibility
13 Fairness
TOTAL

The frequency of
of selected criteria
in the literature

The frequency
of of selected
criteria in the
strategies

The frequency of of
selected criteria in the
examples of good
practice

6

3

1

5

2

2

9

1

4

9
14

5

1

4

10

5

2

5

12

5
5

1

2

5
8

3
1

1

3

TOTAL

10

4
1
3

2
3
2
54

1
11

65

1

3

20

3
3
85

Table 3. The frequency of the economic criteria in the sustainable revitalized OIA in sources.
Criterion
The creation of mixed-use
space
with
functional
changes
Modern infrastructure
2
The revival of the economy
3
through the development of
small and medium-sized
enterprises
New jobs
4
The cost of the elimination
5
of existing contamination
The increase of the local tax
6
revenues
Reducing
the
distance
7
between home and work
Maintaining growth with a
8
high share of employment
The value of the land
9
10 Public-Private Partnerships
11 Common brand
12 The efficiency of enterprises
in
the
13 Investment
development of high-tech
products and services
14 Increasing the minimum
wages in the region
15 Tax relief
16 Green economy
establishment
of
17 The
industrial parks
TOTAL

1

The frequency of
of selected
criteria in the
literature

The frequency of
of selected
criteria in the
strategies

The frequency of
of selected
criteria in the
examples of good
practice

12

2

23

37

6
10

3
3

2
1

11
14

16
4

4

9

29
4

1

TOTAL

1

3

1

1

4
1

4
6
2
1
2
2

3

5

1

3

1

3

1
1

2
1
1

43

133

2

72

4
14
2
1
6

18

5. CONCLUSION
Comprehensive made sustainable revitalization provides the harmony between
the individual components and it brings long-term and short-term benefit. By
analysing the sources, we found that this can be achieved, if the first is removed
decontamination of the environment and provide energy efficiency redeveloping the
area of renewable energy sources, than the expansion of green spaces and
conservation of the natural resources, thus influencing the reduction of greenhouse
gas emissions. With the revitalization we achieve a social revival of the area, because
it is visually restored and enhance the quality of life by satisfying the diverse needs of
the local population. This is being possible with the inclusion of different
stakeholders in the redevelopment area. Finally, the revitalization revive the
economic activity, because it design new jobs, establish systems of modern
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infrastructure and increase inputs in the investment and with the development and the
multiple uses of space is achieve long-term stable economic activity. Thus made
revitalization has minimal environmental impacts, only if the re-use of materials is
involved by the activities connections in the space. Such development of old
industrial sites is achieved through the establishment of eco-industrial parks where
companies and public institutions are so interconnected that provide energy
independence and are self-sufficiency in the area. This is manifested with the
sustainable development of the area, which is only able to adapt on the changes in the
environment.
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ABSTRACT
For the purposes of the project ”Joint efforts for the protection and management of Pek River”
sampling was done for both surface water and groundwater. In this study a physico-chemical analysis
of the groundwater will be presented under the Regulations of the hygienic quality of drinking water.
Analyzed component was color (°C), turbidity, pH value, water hardness (°dH), total iron,
concentrations of manganese (Mn), sulfate (SO42‾), chloride (Cl‾), ammonia (NH3) and conductivity of
water (mS/cm). According to a conducted analysis of groundwater quality has deteriorated to the point
of occurrence of transboundary values of concentrations of copper (Cu) and conductivity. In the future
the other components should be analyzed according to the mentioned Regulations, and also have to be
done more detailed hydrogeological investigations, including parallel sampling of surface water and
groundwater.
Keywords: Pek River, physico-chemical analysis, groundwater quality, detailed hydrogeological
investigations

1. INTRODUCTION
Pek river is surrounded by three municipalities - Veliko Gradiste, Kučevo and
Majdanpek where the economic activities particularly emphasizes the industrial
sector, which implies next production- mining, manufacture of basic metals,
manufacture of mechanical, electrical and optical equipment, as well as food and
beverage [1]. In the industrial sector there are no systemic solutions for waste water
and waste disposal so that is one of the greatest pressures on water resource in
catchment area of the river Pek River. The greatest influence on pollution of water
resources is waste within the industrial complex exploitation of mineral resources, but
also a large number of dump and wastewater treatment, especially in neighborhoods
where not developed sewage system. Looking at the entire region of Bor, which
belongs to the municipality of Majdanpek, mining is the biggest source of solid
waste. The large-scale and long-lasting exploitation of copper ore (and copper
concentrate, magnetite, lead and zinc), produced in Majdanpek large amount of waste
that is not being managed properly. It creates a huge amounts of waste that are
dangerous, because the heavy metals are translated into a solution and reach the
surface and groundwater. In the Bor region are also the industry of metal processing,
the factory of copper tubes and lumber industry. Veliko Gradište is represented by
the food industry and by the production of metal constructions. In Kučevo, there are
smaller deposits of lead, zinc and iron, also there is a production of lime and quartz
and the early exploitatin of gold and coal.
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2. HYDROGEOLOGICAL CHARACTERISTICS OF THE FIELD
Detailed hydrogeological studies are used to examine the conditions of
recharge, define the directions of groundwater’s movement and groundwater’s
drainage in each case. This is of great importance because of the possibility to
manage and evaluate the spread of contamination to groundwater and surface water
from above mentioned pollutants.
Wells B1, B2 and B3 exploited groundwater from aquifers formed within the
alluvial sandy-gravel deposits of the river Pek. In this case, recharge of aquifers
formed in alluvion Pek River depend on the field distribution of the aquifer, than
from its collection area and established hydraulic connection with surface water and
other types of aquifers which are located in its hinterland. Constant source of
recharge of this aquifer depends on water obtained by infiltration of precipitation. It is
of particular importance in areas where is the sandy-gravel deposits discovered
(emerge directly into the surface of the field), or where is absent low - permeable
layer of the roof of aquifer. There is a possibility of feeding of this groundwater at
the expense of the inflow of water from the deeper parts of the aquifer or other
aquifers which are located in the hinterland. Also, in areas where there is a hydraulic
connection groundwater-surface flow established, depending upon the elevation of
groundwater levels and surface water, the river can supplemental feed aquifer
(periods with high levels of surface water) or conversely that aquifer can feed river
(periods of small and medium water levels).
Mentioned types of recharge aquifers formed in alluvion Pek River and its
major tributaries can be greatly reduced or even prevented if there is less permeable
complex or absent active hydraulic connection with surface water present in the areas
where is the clayey riverbed.
Located springs (I1 and I2) drains carbonate-rock aquifers (karst aquifers) [2],
and aquifers in igneous and metamorphic rocks (fissure aquifers)[2], for which the
hydrogeological analysis is necessary to do more detailed research.
3. EXPERIMENTAL
3.1. Sampling Sites
Sampling of groundwater for the purpose of chemical analysis of Pek River
made from two sources (I1 and I2) and three wells (B1, B2 and B3). Coordinates and
description of the location of the sampling are presented in the following table:
3.2. Analytical methods and equipment
For the determination of pH, water temperature and conductivity of
groundwater, equipment and instruments for field analysis is used. The pH and
temperature of the grondwater was measured by using LaMotte pH 5 Series Meter
calibrated with buffers solutions of pH = 4.01; pH = 7.00 and pH = 10.00 and
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conductivity was measured with Hach HQ40d Digital Multi-Parameter Meter with
automatic temperature calibration. Measurements of other parameters were performed
in the laboratory in Veliko Gradište which is set within the project "Joint efforts for
the protection and management of river Pek" where the Spectrophotometer DR 2800
Hach Lange was used to determine turbidity, total hardness, ammonia,
orthophosphate, concentrations of iron, manganese, copper, chloride and sulfate.
Table 1. Coordinates and description of the location of sampling
Locations
of sampling
B1
B2
B3
I1
I2

GPS coordinates
x: 7541382
y : 4939316
z : 119.3284912
x: 7543464
y: 4936226
z: 117.4058838
x: 7542243
y: 4956597
z: 77
x: 7541883
y: 4935802
z: 151.2919922
x: 7568227
y: 4919909
z: 283

Description of location
Well of rural water supply in Rabrovo
(between Great forts and Kučeva)
Well of water supply Mustapić
(between Veliko Gradište and Kučevo)
Well of city supply in Veliko Gradište
Source- fountain Prokidan in Rabrovo
field
Source - fountain on the border
between Majdanpek and Kučevo at the exit of
the tunnel above the village Blagojev stone

4. RESULTS AND DISSCUSION
For these sampling three chemical analyzes were performed, two in April
(3.4.2012 and 30.4.2012) and one in May (21.5.2012).
Measured components were analyzed according to the Regulations of the
hygienic quality of drinking water [3] for the following components: Temperature °C,
color, turbidity, pH, electrical conductivity (mS/cm), total hardness °dH, ammonia
(NH3), chlorides (Cl‾), sulfates (SO42‾), copper (Cu) a total of iron and manganese
(Mn).
Analysis showed the following results:
Color. During the hydrochemical regime observation it was found that the
colors of the examined groundwater do not exceed 5 ◦Co-Pt scale, which is the
maximum allowable concentration for drinking water.
Turbidity. The tested samples was not observed increased turbidity that occurs
within the limits allowed for drinking water up to 1 mg /l.
pH index. The pH index of the examined water from 6.9 to 7.8 indicate a
neutral environment. The measured values in all tested samples are within the
allowable limit for drinking water.
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The hardness of the water. Values lead to the conclusion that it is hard water,
even very hard water in the well B1 (29.00 to 34.10°dH)
Iron concentrations in all tested samples are within permissible limits of
drinking water, the maximum recorded value was up to 0.01 mg / l compared to the
allowable of 0.3 mg /l.
Concentrations of manganese in all samples are found within acceptable
limits, provided that the value of the concentration of Mn at the border allowed
recorded in the well B1 in May (0.05 mg /l).
Copper concentrations were observed in exceeded value of drinking water at
the well B1 in the amount of 3.66 mg/l on April 30. and 2.77 mg/l on 21 May (Figure
1). In other place of sampling concentrations of copper are within acceptable values,
to the 2 mg/l.

Figure 1. Comparative diagram of copper content (mg/l) in groundwater during the period
from April to May

The concentrations of sulfate, chloride and ammonia in all tested samples are
within acceptable limits of the drinking water as compared to the maximum allowed
(sulphate - 250 mg/l, chloride - 200 mg/l and ammonia - 0.1 mg/l), with except that in
the well B1 concentration of sulfate and chloride are much larger compared to the
other tested samples (Figure 2 and 3).
Conductivity from 1200 to 1314 mS/cm in the well B1 deviates from the
allowable limit for drinking water. Water conductivity indicates the degree of
mineralization, in this case the mineral content has been increased (Figure 4).
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Figure 2. Comparative diagram of sulphate content (mg/l) in groundwater during the period
from April to May 2012

Figure 3. Comparative diagram of chloride content (mg/l) in groundwater during the period
from April to May 2012
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Figure 4. Comparative diagram of conductivity in groundwater during the period from April
to May 2012

5. CONCLUSION
Well B1 refers to the chemical unsafe drinking water due to increased exceeded
copper concentrations (figure 1) and conductivity (figure 4), also increased
concentrations of manganese (to the extent permitted) on a single measurement.
Well B1 is also specific in that it is, although permitted, sulfate and chloride
concentrations much higher than the other tested samples (figure 2,3)
Although the measured components of water in other samples are within the
permissible limits of drinking water, for more representative determination of
drinking water from them, it is necessary to analyze the other components that are
given in the Regulations of the hygienic quality of drinking water (nitrates, nitrites,
detergents, phosphorus, phenols, arsenic, zinc, chromium, consumption of KMnO4
...).
The represented analysis in this paper suggests also that in the future have to be
done more detailed hydrogeological study of the River Pek including parallel
sampling surface and ground water according to specified temporal and spatial plan.
More detailed consideration of the conditions of recharge area and distribution of all
aquifers in the study field would help to determine the causal links between pollutants
and the occurrence of cross-border value of the analyzed components.
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ABSTRACT
Marine sediments is the main reservoir for the deposition of heavy metals entered into the
marine environment. It can be said that this intake has began in the era of industrialization in the 19th
century, but became especially expressed in the era of modern social development. Monitoring the
levels of pollutants in the sediment plays an important role in assessing the ecological quality of the
marine ecosystem. A high concentration of the salt in sea water significantly determines sediment
chemistry and affects the microbiological processes in it, which is an additional problem of finding a
solution to the remediation of contaminated marine sediments by heavy metals.
In the natural port of Tivat in the Boka Kotorska Bay once was a large military shiprepair
center. For nearly 120 years of the development of this shiprepairing yard, marine environment has
been exposed to the entry of a variety of hazardous and noxious substances, including heavy metals.
Analyses of sediment which in previous years were conducted in the area of the shipyard, indicated the
increased presence of heavy metals in the sediment of its aquatorium above the maximum allowable
values and values that are not toxic to wildlife.
This paper provides an overview of the ecological status of the sea floor at the site of the former
shipyard, as a result of long-standing presence of industrial activity in the immediate vicinity, as well
as measures that should be taken to its remediation, in terms of today's use of this part of the coast. The
paper provides a brief overview of the possibilities of ecological remediation of marine sediments,
with special emphasis on the progress in the bioremediation solutions for recovering the marine
sediments contaminated with heavy metals.
Keywords: marine sediment, heavy metals, ecological remediation, bioremediation

1. INTRODUCTION
Marine bottom sediments acts as main reservoir for the deposition of heavy
metals that entered into the marine environment, resulting from both natural and
anthropogenic activities. Human activities can increse the rate of accumulation and
introducing of heavy metals into the marine sediments. This intake has began in the
era of industrialization in the 19th century, but became especially expressed in the era
of modern social development. Environmental problems are particularly intensive in
the bays and natural ports as they are exposed to rapid population growth,
urbanisation and industrialization.
Heavy metals are enzyme inhibitors and they are potentially toxic to marine
organisms above a treshold availability. Heavy metals are not biodegradabile and can
persist for a long time in the sediment. As contaminated marine sediments pose a
threat for ecosystems, marine resources and human health, monitoring the levels of
heavy metals and its toxicity plays an important role in assessing the ecological
quality of the marine environment [1].
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2. MARINE SEDIMENT REMEDIATION
Management of contaminated sediments is complex because it has to meet
ecological, technical, social and political aspects of the problem. There are two main
driving forces for marine sediment remediation: when an environmental or human
health risk is identified or when there is navigational needs for sediment dredging. In
the first case it is the environmental clean up and the second is navigation dredging.
The driving force greatly determines the remediation strategy, regulatory and legal
approach for the remediation.
Environmental clean up became an issue if there is high risk or in the case of
economic impact. Usually the origin of the contamination is known and cleaning is
concentrated on defined areas. Environmental clean up mostly comprise small
volumes of highly contaminated sediment.
Navigation dredging is needed for the maintenance of the navigable waters and
typically involves the removal of large volumes of material over a large area.
Contamination is diverse in type, originate from multiple sources. In the case of
navigational needs, the sediment must be relocated and ex-situ (out of place),
remedial approach is the most often accepted [2].
The harbour sediments often contain substantial amounts of heavy metals and
usually dredged sediments are classified as hazardous and toxic materials.
Remediation is difficult because of the muddy/pasty sediment characteristics,
geochemical complexity of the matrix, its inseparability from the water, and
variability in dinamics, physical and biogeochemical characteristics of aquatic
environment [3].
2.1. Remediation of sediments contaminated with heavy metlas
A high concentration of the salt in sea water significantly determines sediment
chemistry and affects the microbiological processes in it, which is an additional
problem of finding a solution to the remediation of marine sediments contaminated
by heavy metals. The aim of the remediation techniques is to separate, destroy or
convert heavy metals from the sediment to less toxic forms, or stabilize them so the
contaminants are fixed to the sediment and are resistant to losses by environmental
pathways. In order to achieve this goals the physical, chemical, thermal or biological
treatment or their combination, can be used to reduce heavy metal concentrations
within the sediment [4].
Generally, there are two approachs to the remediation: in situ and ex situ. In situ
technologies comprise addition and mixing of biological organisms or immobilization
reagents with contaminated bottom sediment. Ex situ approach includes removing
(dredging or excavation), transport, pretreatment, treatment and/or disposal of
sediments and treatment of residues [4].
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Most ex-situ remediation technologies for soil or ores can be apply for
sediment, but as the sediment is more enviroment specific its remediation is more
work demanding, more expensive and complex [5].
2.2. Monitored natural recovery and ecoremediation
Monitored natural recovery as remedial approach exploits a wide range of
naturally occurring processes that can contain, destroy, or reduce the bioavailability
and toxicity of heavy metals in contaminated sediments. These natural processes are
happen without man intervention, but under favourable conditions they can be
enhanced and used in order to reduce ecological and human health risk connected
with heavy metals in marine sediment. Natural recovery is based on physical
processes (sedimentation, advection, diffusion, dilution, dispersion, bioturbation,
volatilization), chemical processes (oxidation/reduction, sorption, or other processes
resulting in stabilization or reduced bioavailability) and biological processes
(biodegradation, biotransformation, phytoremediation, biological stabilization) [6].
Ecoremediation is the use of natural processes to preserve or to restore the
ecosystem or its components. Ecoremediation as technology uses the metabolic
processes of microorganisms (bacteria, fungi, yeasts) and higher plants for the
purpose of environment recovery. In the first case, it is a bioredmediation and the
second is phytoremediation [7].
Natural remedial processes are non invasive in nature, and usually are applied
for sensitive environments when sediment disturbance by conventional clean up
technologies can be harmful for benthic communities. These technologies do not need
handling, disposal or transport of the contaminated sediment like dredging or
excavation and they belong to low cost technologies. The main disadvantages of
natural processes are the risk of reexposure of heavy metals because untreated
contaminants stay in sediment, and a longer period of time to achieve remedial goals.
The risk of the contaminant reduction decrease with the progress of the natural
process [6].
2.3. Bioremediation
Bioremediation is the use of microorganisms or microbial processes to degrade
or transform contaminants to less toxic or nontoxic form [6, 8]. Generally,
bioremediation can be devided as natural attenuation, biostimulation and
bioaugmentation [9] .
Natural attenuation refers to natural bioremediation capabilities of the
environment. Contaminants can be degrade or transform without intervention in the
environment with high organic carbon and energy sources, low contaminant
concentrations and without significant nutrient deficiences. More intensive approach
is bioaugmentation which is addition of organisms to effect remediation of the
contaminated environment. Biostimulation is addition of organic or inorganic
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compounds such as fertilizers or surfactants, to stimulate indigenous organisms to
effect the remediation of the environment [9].
There are a wide range of factors that can affect success of bioremediation.
These are microbial (biomass concentration, population diversity, enzyme activities),
substrate (physico-chemical characteristics, molecular structure and concentration),
and environmental factors like pH, temperature, moisture content, Eh, availability of
electron acceptors and carbon and energy sources. These technologies are dependent
on site conditions and there is need of smallsale studies before its application for
remediation [8] .
As bioremedial approach is focused on removal and destruction of
contaminants, in the last years there is an increased interest to apply microbial
processes for heavy metals degradation in the contaminated area. Microorganisms can
oxidize (e.g.mercury, cadmium) and reduce metal contaminants (e.g. arsenic and
iron). Biotransformations can increase the solubility of transformed metal and thus
increase mobility of the metals accelerates their elimination from the environment. In
some cases biotransformation can lead to decrising solubility and the transformed
metal may precipitate into an insoluble salt in the sediment and thus be immobilized
in place. Beside bioreduction and bioxidation, microorganisms can accelerate
removal of the contaminant by changing conditions in its immediate vicinity or by
altering the form of organic compounds that influence metal mobility [10].
2.4. Remediation of marine sediments in Tivat Bay
A large military shiprepair yard existed for nearly 120 years in the natural port
of Tivat in the Bokakotorska Bay (figure 1). During this long period, marine
environment has been exposed to the entry of a variety of hazardous and noxious
substances, including heavy metals. The long-standing presence of industrial activity
in the immediate vicinity of the sea have contributed to the permanent pollution of the
marine environment with hazardous and toxic substances.
Analyses of sediment from 2005 conducted in the area of the shipyard, indicated the
increased presence of heavy metals (Cd, Hg, Pb, Zn, Cr, As) above the maximum
allowable values. Particular attention was drawn to deposits of the utilized grit that
was used for sand-blasting to remove paint, rust, dust or other material from the
surface ships. Waste from sand-blasting in sediment burdens marine ecosystem of
high content of heavy metals, such are Cu, Zn, As, Pb, Sn, Ti, V, Cr, Sb, Fe, Mn, As,
which usually originate from anticorrosive and antifouling compounds in paints and
pigments. The total area of contaminated seabed was estimated to be around 14.300
m2, and the pollution extended to 1m depth in the sediment.

80

Figure 4. The position of military shiprepair yard in the Bokakotorska Bay

On the basis of site surveys and laboratory analysis the pollution was registered
and in accordance with the planned purpose of the former shipyard to be luxury yacht
marina, there was need to remove it and the remediation plan was offered by the
investors. Volume of contaminated sediment requiring remediation was estimated at
approximately 8.330 m3.
The recommended technological solution for sea bed remediation was: to
remove the most polluted sludge/slurry layers at the sea bed (0-50cm) from the hot
spots in the sea by hydraulic dredging (ejection), to separate it from water in the landbased temporary containment cell, to dispose water after its decantation in another
container into the sea or to treat (neutralize) this water, which should be estimated on
the basis of the water analysis, and finally, to mix the material from the both
containers for final dewatering (drying) and to depose it into a temporary hip. The
obtained dry material was predicted for use in road construction. It was suggested the
testing of the remedial methods in a small, initial pilot facilities before their final
large scale application [11].
In the Report on the Environment in 2011, prepared by the EPA Montenegro,
in the part concerning the condition of the sediment on the site of the former
shipyard, after building modern marina, was pointed to the continued presence of of
heavy metals in sediments (report). The content of inorganic pollutants in 2011 was
lower, but still above the level that indicates a low probability that the pollution will
left behind on earth. The comparison analysis was done according to the regulations
CEFAS (UK) and MPC Netherland (EU) when taking measures for dredgingextraction of the contaminated sediments in order to prevent the destruction of marine
biodiversity [12, 13].
The results of the analysis performed for the shipyard or its vicinity in the Bay
in 2005, 2007, 2011 [14] and 2014 are shown in table 1.
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Table 10. Results of the sediment analysis on heavy metals content in the shypayrd or its
vicinity
element

Cd
Pb
Hg
Cr
Ni
Cu
Zn
Co
Mo
As

Uni t

mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg
mg/kg

2005
s urfa ce of
the
s ludge

1,3
909,13
14,65
34,64
130,12
154,23
1798,03
8,23
<5
/

2005
1m under
the
s urfa ce

MAC for
da ngerous
s ubs ta nces
Ti va t Ba y
i n s oi l
2014

2,82
2060,28
14,77
33,62
91,2
124,36
5341,98
14,97
<5
/

2007

2011

n.d
138
17
161
82
82
212
/
/
76

0,43
89,97
0,859
312
68,1
549,53
335,8
/
/
37,6

0,2
61,3
0,5
104
164,3
47,8
141
23,4
0,9
14,4

2
50
1,5
50
50
100
300
50
10
20

* Regulation on permitted amounts of hazardous and noxious substances in the soil ("Official Gazette
of Montenegro", no. 18/97)

The above results indicate that the planned, highly environmental clean-up
strategy did not achieve remediation goals, that the ecological risk associated with
contaminated sediment still exist and that there is a need for better and more enduring
remedial solutions adaptable to the present purpose of this area.
2.5. Bioremediation solutions for marine sediments contaminated with heavy
metals
Bioremediation is innovative, sustainable and cost-effective remedial approach
and recently, a number of studies were performed and successfuly implemented by
using bioremediation strategies for metals [9]. In a lot of cases, polluted dredged
sediments are disposed of in landfills or underwater sites, which can not be considerd
as a long term solution. One of the most promising methods for bioremediation of
sediments contaminated with heavy metal is bioleaching. Until now, bioleaching has
been applied for removal heavy metals from ores, industrial wastes, and sewage
sludges. Bioleaching is metal solubilization from solid substrates directly by the
metabolism of leaching bacteria or indirectly by the products of metabolism [15,16].
Metals solubilization is achieved through augmentation with chemolithotrophic
bacteria Acidithiobacillus spp., which are able to catalyze the oxidation of reduced
sulfur compounds to sulfuric acid causing pH lowering. The direct and indirect
mechanism of bioleaching remediation of heavy metals by Thiobacillus thiooxidans
and Thiobacillus thioparus can be presented for the bivalent metal M, by the
equations 1, 2 and 3. The elemental sulfur is generally added as the substrate for
thiobacill [17].
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(1)
(2)
(3)
Bioleaching has been tested by Beolchini et al., for removal Cd, Cu, Zn, Ni, Pb,
Hg, As, Cr from marine sediments collected in Ancona harbour. Bioleaching was
performed with a mixed culture of acidophilic, chemi-autotrophic Fe/S oxidising
bacteria (Acidithiobacillus thiooxidans, Acidithiobacillus ferrooxidans and
Leptospirillum ferrooxidans), in the presence of elemental sulphur as substrate.
Additionally, the effects of anaerobic biostimulation that preceded bioleaching under
aerobic condition were investigated. This two step bioremediation approach has
shown that the activity of the Fe/S oxidising bacteria is significantly enhanced after
an anaerobic pretreatment of the sediment. Also, microbial activity, and the
consequent metal mobilisation, is independent from the availability of sulphur.
The bioleaching studies on a pilot scale were tasted in Germany on a highly
polluted river sediment. Most of the metal contaminants were leached within 21 days.
Zn, Cd, Mn, Co, and Ni were removed by 61-81%, Cu was reduced by 21%, while Cr
and Pb were nearly immobile [18].
A numerous laboratories studies of the activity of sulfur-oxidizing
Acidithiobacilli reported the possibility of their use for the removal of heavy metals
from contaminated sediments [15-19]. Their common characteristics are: the
bioremediation performed in suspension with solid contents between 2% and 10%,
the addition of high portions of S0 (5-30% , w/w) as a nutirent and acid source,
sometimes the initial acidification with acid, and inoculation with a Acidithiobacillus
culture. Their result showed that a series of heavy metals could be removed to a high
extent under favourable conditions [18].
3. CONCLUSION
Marine sediments with high concentrations and different types of contaminants
can be usually found in harbours, particularly in harbours with industrial activity.
Nevertheless if the reasons for sediment manipulation are the navigation safety or
environmental protection, the presence of contaminants in the sediments make them
hazardous to human health and marine ecosystem. In order to reduce risk, sediments
have to be remediated and a lot of remedial strategies have been applied in practice,
especially by use physical or chemical methods. Last years research attention has
been focused on the development of bioremediation technologies. Bioremedial
approach is based on natural processes, it eliminates contamination permanently,
economically and ecologically is suitable, less disturbing and more public acceptable
than conventional technologies. As heavy metals are non biodegradable, the
innovative methods with the possible use of microbial processes for the detoxification
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and removal of heavy metals from contaminated aquatic sediment has been
investigated in last years in laboratory or in a small scale. Bioleaching may be one of
the promising techniques applicable for the removal of toxic metals from polluted
sediments.
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ABSTRACT
Pesticides are substances intended for preventing, destroying, suppressing or reducing pests.
They are in use for more than 60 years and they are divided according to purpose, chemical
composition and toxicity category. The use of pesticides in agriculture has positive and negative sides,
both from an economic as well as a social and environmental point of view. It is known that pesticides
through biogeochemical cycles mature to all environmental media, and even the food chain, which
explicitly has an impact on human health. Phytoremediation is one of the natural methods used for
solving the problem of the presence of pesticides in agricultural soils, using plant species that perform
stabilization and degradation of pesticides. During the planning ecoremediation project of degraded
agricultural land, selection of phytoremediation techniques depends on many factors, among other
things, the types of contaminants and plant species that will be used.
After examining the results of some studies, reports, and regulations, this paper shows the
importance of phytoremediation of degraded agricultural land in the light of affordable and green
technology without negative effects and products on the environment and human health as well as
appropriate techniques of modern man who seeks to sustainable development. It is necessary to take
into consideration the use of biopesticides as alternatives to current trend of uncontrolled use of
conventional pesticides.
Keywords: pesticides, phytoremediation, sustainable development

1. INTRODUCTION
Pesticides are defined as substances or mixtures of substances intended for
controlling,
preventing,
destroying,
repelling,
or
attracting
any
biological organism deemed to be a pest. There is a classification of pesticides based
on the object of their action, according to the mode of entry into the organism, by the
action in the organism, on the basis of toxicity and according to chemical
composition. Based on the object of activity caused there are: insecticides, acaricides,
bactericides, virocide, fungicides, herbicides and zoocides. According to the method
of penetration and the effects of pesticides are classified as contact (destroying
vermin touch), digestive (pass through the gastro-intestinal tract) and systemic
(affecting or destroying vermin through one of its systems) [1].
Pesticide use raises a number of environmental concerns. Over 98% of sprayed
insecticides and 95% of herbicides reach a destination other than their target species,
including non-target species, air, water and soil [2]. Bearing in mind that the effect of
pesticides on the biocenosis and the environment in general is complex, this paper
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presents some aspects of phytoremediation of agricultural land contaminated with
pesticides.
2. EFFECTS OF PESTICIDES ON THE ENVIRONMENT AND HUMAN
HEALTH
After application of the preparation, the molecules of active ingredient for some
time remain in place that were applied, and then under the influence of the movement
of air or water can be transported in the atmosphere (water vapor) in the deeper soil
layers (flushing) or lateral to the soil surface (runoff).
The fate of pesticides in the environment affects the processes that can be
grouped into three categories:
1) adsorption (the binding of pesticides to mineral and organic matter, soil);
2) degradation (chemical, photochemical and microbiological);
3) transportation (movement of pesticides in environmental- evaporation,
rinsing, washing and adoption of the plants).
Where the pesticide ends up depends on the cumulative effects of pesticide and
soil properties, application methods and site conditions. With regard to the
detoxification mechanisms, such as mobility, degradation (mainly microbiological)
and phytoextraction refer only to the free (non absorbed) fraction of molecules of
pesticides, we can say that adsorption is the most important process that determines
the fate of pesticides in soil [3-5].
Persistent organic pollutants (POPs) are organic compounds that, to a varying
degree, resist photolytic, biological and chemical degradation. POPs are often
halogenated and characterised by low water solubility and high lipid solubility,
leading to their bioaccumulation in fatty tissues. They are also semi-volatile, enabling
them to move long distances in the atmosphere before deposition occurs. Some
pesticides,
including
aldrin,
chlordane,
DDT,
dieldrin,
endrin,
heptachlor, hexachlorobenzene, mirex and toxaphene, are considered POPs [6]. Table
1. show pesticide persistence in soils. Some POPs have the ability to volatilize and
travel great distances through the atmosphere to become deposited in remote regions.
Atmospheric transport and accumulation of POPs (PCBs, DDT, HCHs, and
chlordanes) in the polar regions has been extensively documented. Accumulation in
polar regions is partly the result of global distillation followed by cold condensation
of compounds within the volatility range of PCBs and pesticides [6-8].
POPs can affect non-target organisms in the environment and increase risk to
humans by disruption in theendocrine, reproductive, and immune systems. From the
standpoint of protecting people, pesticides are classified as harmless, hazardous, very
dangerous and dangerous. Four groups were established on the basis of the degree of
pesticide toxicity, which are given in Table 2.
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2.1. Regulatory issues
Because POPs can be found anywhere in the world, cleaning them up requires
international solutions and cooperation. International treaties such as the Stockholm
Convention have been developed to control and phase out the use of POPs. Over 180
countries have ratified the Stockholm Convention. Serbia (SCG) signed Convention
on May 2, 2002 but not ratified. The United States has signed, but not ratified the
Stockholm Convention which makes it difficult for new chemicals to be regulated.
Continuous collection of data and research is required so that new POPs can be
evaluated and information can be shared across the globe [7,9].
Contaminant
Aldrin/Dieldrin
Chlordane
DDT
Endrin
Heptachlor
HCB
Mirex
Toxaphene
PCBs .
Dioxins/Furans

Table 1. Contaminant persistence in soil
Persistence (in half-lives)
5 years
1-3 years
1-3 years
12-15 years
up to 2 years
2.7-22.9 years
up to 10 years
100 days- 12 years
1-7.25 years
over 20 years

Sources: WWF 2005, Ritter et al. 2005, ETOXNET 2001

Table 2. Classification of pesticides according to the degree of toxicity [1]
The World Health
LD 50
organizations(WHO)
(mg/kg)
harmless
>1000
hazardous
200–1000
very dangerous
50–200
dangerous
<50

In R. Serbia, the adoption of the Law on Environmental Protection in 2004 and
the Waste Management Law in 2009 created the conditions for the development of
remediation technologies. From November 2010 determination of contaminated sites
is based on the Regulation on the program of systematic monitoring of soil quality
indicators for assessing the risk of soil degradation and methodology for the
development of remediation programs ("Off. Gazette of the RS", no. 88/10) which
determines the impact to soil from chemical pollution. Setting priorities for
rehabilitation and remediation is done on the basis of the adopted Regulation on the
establishment of criteria for determining the status of particularly vulnerable
environmental status of endangered environment and the setting of priorities for
rehabilitation and remediation ("Official Gazette of RS", no. 22/10) [10-13].
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In Table 3 are shown the limit values of concentration and remediation of
hazardous and noxious substances and values that may indicate significant soil
contamination according to Regulation on the program of systematic monitoring of
soil quality indicators for assessing the risk of soil degradation and methodology for
the development of remediation programs ("Off. Gazette of the RS", no. 88/10)
Table 3. The limit values of concentration and remediation of hazardous and noxious
substances and values that may indicate significant soil contamination [12]
Dangerous and harmful
Soil (mg / kg absolute dry matter)
substances
Values may indicate of the
Pesticides
Limiting value
significant contamination
DDT / DDD / DDE (total )
0,01
4
Drini
0,005
4
Aldrin
0,00006
Dieldrin
0,0005
Endrin
0,00004
HCH compounds
0,01
2
α - HCH
0,003
β - HCH
0,009
γ – HCH
0,00005
Atrazine
0,0002
6
Carbaryl
0,00003
5
Carbofuran
0,00002
2
Chlordane
0,00003
4
Endosulfan
0,00001
4
Heptachlor
0,0007
4
Heptachlor epoxide
0,0000002
4

3. PHYTOREMEDIATION TECHNOLOGY
Phytoremediation is one of the natural methods used for troubleshooting the
presence of pesticides in agricultural soils, using plant species that perform
stabilization or degradation of pesticides. During the planning ecoremediation project
of degraded agricultural land, selection of phytoremediation techniques depends on
many factors, among other things, the types of contaminants and plant species that
will be used. Table 4. show phytoremediation processes, mechanisms and related
pollutants/plant species. Use of a specific technique is dependent on site
characteristics and contaminants being treated [14-16].
A significant amount of research is being conducted on the interaction between
microorganisms and plants in the rhizosphere and the potential to use this for the
remediation of pesticide contaminated media. According to preliminary studies,
enhanced degradation of atrazine, metolachlor and trifluralin have been observed in
contaminated soils where plants of the Kochia scoparia have been planted.
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The increased degradation occurs in the rhizosphere of this herbicide tolerant
plant, suggesting that rhizosphere interactions between the plant and microorganisms
have led to the increased degradation of the pesticides present. Additional studies
using the Kochia scoparia have been conducted by these researchers and also show
promise for the phytoremediation of pesticide contaminated soils and groundwater
[17].
Table 4. Phytoremediation processes, mechanisms, and related pollutants/plant species [14]
Phytotechnology
Mechanism
Pollutants
Plants
Phytoextraction
Hyperaccumulation
Inorganic: Co, Cr, Ni, Pb, Brassica juncea,
in harvestable parts
Zn, Au, Hg, Mo, Ag, Cd
Thalspi caerulesof plants
Radionuclides: Sr, Cs,Pb, cens, Helianthus
U
annus
Organics/Inorganics:Metals Brassica juncea,
Rhizofilteration
Rhizosphere
accumulation though like Cd, Cu, Ni, Zn, Cr
Helianthus
Radionuclides
annus, Tobacco,
sorption,
Rye, Spinach and
concentration and
Corn
precipitation
Phytovolatilization Volatilization by
Organics/Inorganics:
Arabidopsis
leaves through
Chlorinated solvents,
thaliana, Poplars,
transpiration
inorganics (Se,Hg, As)
Alfaalfa,
Brassica juncea
Phytodegradation
Pollutant eradication Organic compounds,
Hybrid poplars,
Chlorinated solvents,
Stonewort, Black
Phenols, Herbicides,
willow, Algae
Munitions
Phytostabilization Complexation,
Inorganics: As, Cd, Cu, Cr, Brassica juncea,
sorption and
Pb, Zn, Hs
Hybrid poplars,
precipitation
Grasses

Before starting the phytoremediation process it is necessary to assess the risk
and impact on the environment, and how they will manage the process. It is necessary
to characterize the place, including the type and volume of contaminated mediums to
be treated. Define what is needed to degraded and to what concentrations, where and
how to dispose of the end product of the process. It is important the full acceptance
of legal regulations governing the grounds for the application process [18].
4. COSTS AND ECONOMIC IMPACTS
Research shows that the cost of phytoremediation ranging from $15,000 to
$694,000 in full-scale applications. Costs differ with the site size and operation and
maintenance requirements. Table 5. show estimated remediation costs according to
the phytoremediation mechanism [19]. In order to enhance phytoremediation
efficiency of soil organic contaminants, a biofuel crop-microbe combination system
was developed. Instead of the special plants for phytoremediation, biofuel crops were
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suggested to use for remediation and utilization of contaminated agricultural soils.
Biofuel crops are easy for management, produced large biomass and have comparable
remediation rates to some special phytoremediation plants. Figure 1. show
comparison of conventional phytoremediation and the profitable phytoremediation
with biofuel crops [21].
Table 5. Estimated phytoremediation costs
Mechanism
Estimated Cost
Phytoextraction
$60,000-$100,000
Rhizofiltration
$2,000-$6,000/thousand gallons of water
Phytostabilization
$200-$10,000/hectare
Phytodegradation
$250,000

Sources: ITRC 2001, EPA 2000

Figure 1. Comparison of conventional phytoremediation and the profitable phytoremediation
with biofuel crops [21]

5. CONCLUSION
Contamination of agricultural soil has been a worldwide concern, and
phytoremediation is a promising alternative to conventional soil clean-up technology
as a low cost and environment-friendly technology.
Results indicate that phytoremediation using biofuel plants possibly works
effectively for remediation of contaminated soils as well as provide economic
benefits to the owners of contaminated sites. Therefore, biofuel crops would be a
reasonable choice for phytoremediation of contaminated agricultural soils.
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ABSTRACT
Mycoremediation is the form of bioremediation which helps with fungi performing
detoxification of contaminated soils and waters. Fungi play important role in all environments and are
able to regulate the transfer of nutritious materials and energy. One of the basic roles of fungi in
ecosystem is degradation which is performed by mycelia. Mycelia excrete extracellular enzymes and
acids which break lignin and cellulose. Those are organic compounds from the chain of carbon and
hydrogen similar by its structures to many organic pollutants. This way they break down toxins into
simpler and less toxic chemicals. Fungi enzymes can break down some of the most resistant materials
made by man and nature like crude oil, oil, pesticides, medicine, textile colors, etc.
Some of know fungi which are used in mycoremediation are: Oysters (Pleurotus ostreatus),
Turkey Tail (Trametes versicolor), Shittake mushrooms (Lentinus edodes),
White-rot fungi
(Phanerochaete chrysosporium), Reishi mushrooms (Ganoderma lucidum), Morel (Morchella
Conica), etc.
The most common method is to inoculate wood chips or straw with your mycoremediators and
put that substrate on top of the problem soil or where the contaminated water has to flow through it.
Depending on the level of contamination it is necessary to execute several consecutive applications in
order for toxins to be reduced to acceptable level. Mycelia secrete enzymes which absorb toxic
material all the time until they develop to grown mushrooms. Therefore, it is important to keep mycelia
to grow as long as possible before it transforms in a form of fruit. Spring inoculations work better than
fall inoculations as the mycelium has more time to grow-out.
Many factors affect the speed and capability of absorption and degradation of toxins using fungi, and
some of them are the form of hydrocarbons, temperature, pH value of the soil, oxygen, humidity of air
and similar.
Keywords: Mycoremediation, fungi, detoxification, soil

1. INTRODUCTION
Mycoremediation is the form of bioremediation which assisted by fungi reverts
contaminated soils to less contaminated stage [1]. This term was first to use by Paul
Stamens and is peculiarly used for use of mycelia of fungi in bioremediation [2].
Fungi play an important role in all environments and are able to regulate the
transfer of nutritious materials and energy. The strength and health of any ecosystem
are measured through diversity of fungi population and their interaction with other
organisms like plants, insects and bacteria. Induction of one fungus in almost lifeless
surrounding triggers activity flow of other organisms and starts filing up the
ecosystem. Fungi perform the most of global recycling of organic substance and by
that allow return of nutrients into substrate (besides some bacteria, fungi are the only
organism which are able to decompose major constitutive part of plant body – lignin
and cellulose). Without fungi, the circling of substance in nature would be
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discontinued and very soon plant communities would be backfilled in their own
waste.
In any ecosystem fungi are among major decomposers of plant polymers like
cellulose, hemicellulose and lignin. They have ability to mineralize, free and save
different elements and ions, as well as to accumulate toxic material. Moreover, fungi
can facilitate exchange of energy among the overhead und underwater systems.
Edible and medical fungi play important part as natural environmental remediators.
Fungi usually grow slow and need substrate for co-metabolism. Habitus of mycelia of
fungi is responsible for quick colonization of substrate. In last two decades fungi are
used in wide range of waste and waste waters and their influence in bioremediation of
divers risky and toxic compounds has been determined. Fungi have influenced
decomposition and mineralization of phenol and chlorinated phenolic compounds, oil
hydrocarbons, polycyclic aromatic hydrocarbons, polychlorinated biphenyl,
insecticides and pesticides, paints, biopolymers and other compounds.
Mycoremediation is economically and ecologically safe alternative to storage of
toxic waste and it renews the value of consumed terrain. Toxins in chain of our
nutrition are becoming more concentrated at each step, starting with those on the top
of the chain of contaminated table toxins to those lower ranking in the nutrition chain.
Fungi mycelia can destroy these toxins in soil before it gets to our nutrition chain.
One of the basic roles of fungi in an ecosystem is degradation which is
performed by mycelia. Mycelia excrete extracellular enzymes and acids which
destroy lignin and cellulose. Those are organic compounds from the chain of carbon
and hydrogen similar by its structures to many organic pollutants [3]. In this way they
break down toxins into simpler and less toxic chemicals. Fungi enzymes can dissolve
some of the most resistant materials made by nature and man like crude oil, oil,
pesticides, medicine, textile colors, etc.
More than 120 new enzymes are discovered in mushrooms which are formed by
fungi. Different enzymes decompose wide range of hydrocarbon toxins. Fungi
mycelia of oyster is more capable to decompose hydrocarbon molecules of lower
molecular mass rather than heavier. Furthermore, heavier hydrocarbons are reduced
with help of enzymes from mycelia. By one research ants which have been put in the
ground with high concentration hydrocarbons, they could not survive, however they
survived after the treatment of fungi mycelia of oysters which have reduced toxicity
under the level of mortality.
New opportunities for commercial products and processes in fungal treatment
of lignocellulosic materials are likely to arise in the future, and screening for novel
organisms should contribute to the development of new technologies [4].
2. FUNGI USED IN MYCOREMEDIATION
1. Oysters (Pleurotus ostreatus):
- biosorption of heavy metals,
- bound residue formation of PCP and PAHs,
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-

decolorization of dyes,
degradation of petroleum hydrocarbons,
fermentation and enzyme treatment of OMW,
elimination of PAHs in soil,
isozymes in lignin degradation,
isozymes oxidizing substituted phenols,
metabolism of PAHs,
pathway of BPA metabolism by MnP of,
PCB transformation in soils. [5].

2. Turkey Tail Mushroom (Trametes versicolor):
- bio sorption of heavy metals,
- bound residue formation and methylation of PCP in soil,
- decolorization of dyes,
- decolorization of pulp and paper mill effluents,
- degradation of lignin,
- fermentation of molasses,
- laccase isozymes of,
- laccase-catalyzed oxidation of
- chlorophenols and PCP,
- mineralization of DHP in soil,
- mineralization of PCP in soil,
- PAH degradation,
- PAH transformation in soil,
- PCB degradation,
- reduction of methoxychlor by laccase in the presence of HBT,
- transformation of diketonitrile and 2-HF [5].
3. Shiitake mushrooms (Lentinus edodes):
- biotransformation of PCP in soil,
- decolorization of pulp and paper mill effluents,
- fermentation and immobilized laccase treatment of OMW,
- immobilized MnP bioreactor for oxidation of chlorophenols,
- transformation of PCBs in soil [5].
4. White rot fungi (Phanerochaete chrysosporium):
- biosorption of multimetals,
- in BTEX degradation,
- decolorization of dyes,
- decolorization of pulp and paper mill effluents,
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-

degradation of fibers,
degradation of lignin,
degradation of petroleum hydrocarbons,
degradation of phenols and chlorophenols,
fermentation of molasses,
fermentation and enzyme tre atment of OMW [5].

5. Reishi mushrooms (Ganoderma lucidum):
- decolorization of paper mill effl uent by LiP and laccase of,
- treatment of Cr(VI)-contaminated soils,
- production of MnP in poplar wood [5].
6. Bjerkandera adusta:
- bound residue formation and mineralization of PCP in soil,
- decolorization and degradation of dyes,
- degradation of phenylureas,
- elimination of PCB congeners [5].
7. Cultivated mushrooms (Agaricus bisporus):
- depolymerization of lignin by MnP and laccase of [5].
8. Morel (Morchella Conica):
- absorption of heavy metals [5].
It is questionable how many fungi can be applied in mycoremediation, because
there are thousands of other species that need to be tested for mycoremediation.
3. MYCOREMEDIATION METHODS
How do these fungi absorb toxins from ground or water, since they do not grow
directly from the ground or water? Overall method of mycoremediation is rather
simple. It is necessary to lay down the straw or wooden chips with added mycelia in
order to make live membrane of enzymes which would swoop on toxins on the top of
the ground [6]. Depending on the level of contamination it is necessary to execute
several consecutive applications in order for toxins to be reduced to an acceptable
level [7].
As it has been said, the most common method is to inoculate wood chips or
straw with your mycoremediators and put that substrate on the top of the intoxicated
soil or where the contaminated water has to flow through it.
Mycelia secrete enzymes which absorb toxic material all the time until they
develop to grown mushrooms. Therefore, it is important to keep mycelia to grow as
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long as possible before they mature into a form of fruit. Spring inoculations work
better than fall inoculations as the mycelium has at its disposal more time to grow
out.
Different substrate like wooden chips, wheat straw, peat, dust, mixture of seeds
and dust, peel, fish oil, alfalfa, compost, sugar cane, coffee cellulose, sugar beet, etc.;
can be used in production of inoculum for remediation.
The fruits of fungi which are participating in process of mycoremediation are
not recommended to consume in human nutrition, especially if it is concerning
absorption of heavy metals. Fungi enzymes decompose many chemical contaminants;
however they can also concentrate heavy metals. If the field also contains heavy
metals, fungi should not be used for human consumption. We should know where
from mushrooms originate before consumption [8].
4. FACTORS WHICH IMPACT ON PROCESS OF MYCOREMEDIATION
Many factors impact speed and ability of toxins absorption by fungi. The first
factor is physical nature of hydrocarbon. Generally, molecularly simpler pollutants
are easier to absorb than more complex ones. Temperature can also have impact on
speed of absorbing toxins, lower temperatures slow down the process, while higher
temperatures speed up the process. Avoiding the temperatures from above 48 ºC and
under 0 ºC would enable easier absorption of toxins. Temperatures above this limit
will destroy the most of the microbes, and only fungi and bacteria tolerant to high
temperatures would survive, however falling under the lower limit would contribute
to dormancy of mycelia. To avoid the overheating it is necessary to occasionally mix
or mill the surface and material which is remediating or cover seeded substrate.
During the winter months it is necessary to think of optimal temperature maintenance.
This can be accomplished by adding a layer of straw or cardboard during winter.
Optimal pH value is from 4 to 5. Oxygen is also of essential importance for fungi
metabolism.
5. SUMMARY
The land is one of the most valuable natural resources. The land is hard to be
renewed natural wealth of priceless value to humanity. It is used to provide food and
filtering of water, genetic resources of all life forms on the planet earth are secured by
land that provides its life space.
Intensive urbanization, industry development, traffic and agriculture activity
development lead to excessive environmental pollution, including the land. Load to
top layers of the land by big amounts of pollution material which cannot be
decomposed by processes of self-purification lead to degradation of land and disorder
of normal processes in it with negative consequences to environment and human
health.
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In last few years interest of community is growing for preservation and
protection of environment. Protection of environment implies assemblage of different
procedures and measures which prevent endangerment of environment with goal of
preservation of biological equilibrium. One of these measures is mycoremediation.
Mycoremediation is a form of bioremediation which uses fungi to revert land
contaminated by polluters to less polluted condition. Last two decades fungi are used
in process of mycoremediation and it was determined that fungi perform
detoxification of contaminated land and waters. Mycelia enzymes can decompose
some of the most resistant materials made by man or nature like: diesel oil, oil,
pesticides, textile paint, medicine, etc.
Successful mycoremediation mostly depends of choosing the right fungi for the
concrete problem of pollution.
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ABSTRACT
A steady increase in the number of dogs is a serious sanitary-epidemiological problem of urban
areas. Those animals permanent contaminated those areas with faeces which present a significant
health problem from human. Most frequent parasites are eggs of zoonotic helminthes Toxocara canis,
Dipylidium caninum, Ancylostomidae spp., Taenia spp., Toxascaris leonina, Trichuris vulpis i
Strongyloиdes stercoralis and protosoa oocysts of Giardia intestinalis, Amoeba spp. and
Cryptosporidium spp. Infections are most exposed to children who play there and often unwashed
hands placed in the mouth, introducing and parasite eggs in it. Soiled streets are also epidemiological
and ecological problem. Stepping over dog feces on their shoes can bring the parasite eggs in the house
and from there to infection is only a step. From these reason permanent control of parasitic
contamination of public places (green areas, parks) and adequate control is only way of protection of
human population in urban environmental condition.
Keywords: geohelminths, protosoa, urban environment, zoonoses, control

1. INTRODUCTION
In urban environment green areas and parks are the main place where children
play and present areas for recreation of city people, but also are the places where dog
owners running their pets and places we encounter non-owner dogs - usually former
pets. During his stay in those places dogs contaminated it by their faeces, and besides
its unpleasant appearance and odor, dog feces is a high epidemiological danger
because dogs are carriers and hosts of a large number of zoonotic parasites species
(1,2,3,4,5,6) .
Increasing the number of owner and non-owner (stray) dogs in urban areas this
type of pollution is a growing global problem. Commenting on the results of
parasitological examination of green areas in in cities around the world, we will see
that those polution in Madrid is 9% , London 15-17 % , Michigan 19 % , Kansas
20.6% , Utrecht 23% , Belgrade, Paris and Prague 28 % , Dublin, 32 % , Tokoshima
63 % and etc. (7,8,9,10,11,12) .
If it is known that more than 5% of the contaminated urban areas poses a
serious threat to people's health is our opinion that this is not to comment (13).
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2. METHOD OF PARASITIC CONTROL CONTAMINATION OF GREEN
AREAS
In order to solve the problem of fecal and parasitological contamination of
public areas basic starting point is a regular examination were green spaces and dog
faces caught on them in order to gain insight into the epidemiological situation and
start the rehabilitation and eradication of contaminated places. Also, it is necessary
for local governments to define the program of non-proprietary control animals in
their environment.
Samples of grass and soil with green areas in our climate condition were
collected from march to october. Material for examination was taken on the basis of
indicators of bioclimatic conditions prevailing in the same area leading to the method
of bioclimatograme by uvarov which the components have temperature and humidity
in the average values for the studied area . This is of particular importance in
assessing the results with respect to embrionation of geohelminths in soil (become
infective), under certain conditions like the of optimum temperature and humidity
(14, 15).
Materials for examination take into account the aggregate soil sample which
number depends on the size of the site and the sand is taken from each of the childern
wells with send in these locations . Each sample was packed in a plastic bag to which
a label on the outer side where the recording location , the sample number and date of
sampling.
Samples of dog’s faeces are raised with the same location in the same intervals
as samples of soil, grass and sand. Materials for review to take into account the
aggregate sample of faeces, each sample is packaged in plastic bags marked in this
manner.
The examination is carried using native preparation, with sedimentation
method, the flotation method, and the sedimentation - flotation method (16).
Assessment of the infection will be performed by the methodology described by
McMaster and Stoll and determination of eggs, oocysts and adults parasites is
performed morphometric analysis based on morphological characteristics of the keys
given by Euzeby and Soulsby (17,18).
3. WAY OF SOLVING PROBLEMS – BELGRADE EXPERIENCE TO 2012
In order to solve this environmental problem in Belgrade is approached in
several ways - by adopting strategies to solve the problem of non-proprietary dogs in
the city of Belgrade, the introduction of eco-zones or parks for dogs, baskets with
plastic bags to collect feces of dogs from the streets by the owners and regular control
of parasitic green spaces and dog faces caught on them in order to gain insight into
the epidemiological situation and start the rehabilitation and eradication of
contamination.
In the area of Belgrade is the research carried out continuously since 1993. On
the basis of the control of parasitic contamination of land from parks and other green
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areas between 1993 to 2002 (5,19). The presence of the locations parasite eggs was
found 65.90% of the examined samples. This was followed by the first reactive in
terms of cleaning the playgrounds so that in the period 2003-2007 (1, 20, 21, 22, 23,
24). The contamination has been established at 45.90% of the area. The following
progress has been made by introducing during 2008-2009 in central city districts has
taken root system of baskets with plastic bags from dog feces (Dogi-pot system).
During 2011 in in some parks are form of eco zones or parks for dogs .On the basis
of parasitic control of soil contamination from the parks during the 2012 presence of
parasite eggs was found in over 40% less than in the period 2008-2009 (25,26)
A special segment of solving this problem in Belgrade has been the adoption of
problem-solving strategies non-owner of dogs and cats in the city of Belgrade, which
was adopted at the Belgrade City Assembly held 21.9.2011. The city of Belgrade has
become one of the few cities that has a strategy to solve the problem of nonproprietary dogs and it is a document that defines the principles, objectives and
measures to solve the problem in terms of non-owner dogs carry out administration of
local government. With this approach, our company ranks among the developed
countries, on the basis of scientific approach to solving the problem of abandoned
animals about the quality of the strategy is the fact that similar benchmarks in the
European Parliament Written Declaration Pursuant to Rule 123 of the Rules of
Procedure on dog population management in the European Union No 0026/2011 of
06.10.2011 (taken almost a month after the adoption of our strategy) (27).
In developing this strategy for the City of Belgrade and its implementation was
guided by the principle of humanity , combining the method of euthanasia without
(no kill strategy) and CNR method "catch - treat - let " ( CNR - catch - neuter release), with special emphasis on the protection of human and animal health, and
applying measures of education, control and sanctions against irresponsible owners
whose negligence and disregard of positive legal rules and moral principles directly
cause an increase in the number of abandoned dogs.
The present results indicate that the implementation of this strategy has been to
stabilize the population of stray animals on the streets with a tendency to decrease
application CNR system; Application NO KILL (not euthanasia) components CNR
system effects growth of the population of dogs within the active implementation of
mass sterilization 2010, gave as a result 50 % smaller increase of abandoned dog’s
full cooperation with them and with all the other organizations that animal welfare
goal (28,29). Unlike the previous years, the non-owner dogs are covered by the
Action Plan of the city that has taken root a few years ago and that includes spaying
and dehelmintisation before returning to the streets. As a result, today the emphasis is
placed on the primary contaminant of ownership by irresponsible dog owners let the
public lands without a leash and basket and which are identical risk and non-owner
dogs, in addition to fecal contamination of large parks mostly just come from pet
dogs. This problem will be solved by the introduction of the communal police and the
penal provisions as well as training dog’s holders of responsive owned by dogs but
the process is time consuming and requires a significant commitment of all segments
of society.
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4. CONCLUSION
A steady increase in the number of dogs and non-owner equity, represents a
serious environmental problem of urban areas. Both groups of dogs constantly dirty
public green areas their feces. In this way it becomes possible human infection of
zoonotic agents. In order to properly remediate contaminated areas in Belgrade we
implement continuous control of green areas and since 2011 were made Strategies for
addressing non-owner of dogs in the City of Belgrade. In addition, they introduced
eco-zone (dog park) in the park and formed an environmental police. Implementation
of the Strategy has led to the population of homeless animals reduced to an
acceptable level, and parasitic contamination of city parks has decreased by more
than 40%.
Given that there has been a change in the city we can only hope that it will not
terminate the current activities related to the control of green areas and
implementation of strategies are be continued.
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ABSTRACT
Soils covered with buckwheat (Fagopyrum esculentum Moench) in the world were doubled
during the past decade, from the million up to above two million hectares. Average yield of buckwheat in
the world, 2010-2011, was 913 kg ha-1. By neglected alternative grains introduction in organic
production biodiversity increases, weeds, pests and diseases are reduced. Buckwheat is a very important
food in the human diet, especially in countries with special emphasis on safe food.
The experiment was conducted at the experimental field of Institute of Field and Vegetable
Crops in the locality Backi Petrovac (φN 45°20', λE 19°40', m.s.l. 89), during the 2013th, according to
the modified block design with three replications. The subject of the study was buckwheat variety
Novosadska. Average yields buckwheat variety Novosadska had an average of 2225 kg ha-1. The
buckwheat grain had: 57.65% of starch, 7.11% of cellulose, and proteins content was 19.31%, 3.09%
was N protein. Novosadska buckwheat variety had stable yields followed with quality grain and energy
inputs minimizing on the soil during the production process.
Keywords: Buckwheat, improve the quality of agricultural land, production, quality parameters, yield

1. INTRODUCTION
Buckwheat (Fagopyrum esculentum Moench) is considered an alternative crop.
Primary gene of buckwheat origin is from wider area of Central Asia. Sown areas in the
world in a last decade are doubled, from a million to over two million hectares. The
highest production of buckwheat of 93.67 % in the world was in Europe and on Asian
continent (1,133 ha, 846,799 ha), that is 53.61 % and 40.06 %, respectively. The lead
producers Europe and Asia have a tendency to increase areas with rate of 38.71 % and 5.01
% respectively. Average yield of buckwheat in the world, 2010-2011, was 913 kg ha-1.
The highest average yield per continents was produced in America with 1,115 kg ha-1.
Average yield in America was varying from 1,237 kg ha-1 in South America to 1,042 kg
ha-1 in North America. The lowest yield was produced in Africa of 848 kg ha-1 and Asia
890 kg ha-1. The highest average yield in the world was produced France (3,173 kg ha-1),
followed by Brazil (1,237 kg ha-1), Poland (1,162 kg ha-1), Slovenia (1,099 kg ha-1) and
USA (1,042 kg ha-1) [1]. In addition to the choice of variety and proper crop
management, buckwheat growing is significantly affected by environmental
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conditions [2, 3]. This cultivated plant species is notable by its exceptional nutritive
values [4].
In our country, cultivation of buckwheat is cultivated on small areas, mostly in
hilly-mountain areas of South-western Serbia, but there is an increasing interest of
farmers for the cultivation of this crop in recent years [5]. Due to its high nutritional
value and chemical composition of grain, buckwheat is increasingly used in human
nutrition.
Buckwheat has very defined requirements regard growth and plant development.
Plants’ ramification depends on variety, but it is conditioned by numerous external
factors. Intensive ramification at determinate varieties is to be regulated by densities
[6]. One is typical for buckwheat - the period from the first ripe grain to the harvest
last for two months, so the harvesting should be done when we appraise that there is
the most mature grains (when 75% of grains matured) [7].
Buckwheat is a plant with humble requests for good environmental conditions,
favorable regard previous crop and does not require chemicals for protection. [8]
states that buckwheat successfully suppresses the weeds. Competitive and
allelopathic potentials of buckwheat to the weeds are better expressed in the
mountains than in the lower areas because the fresher summers are more favorable for
its growth than to thermophilic weeds [9].
The aim of this study was to examine production of buckwheat variety
Novosadska in agro-ecological conditions of Backi Petrovac aimed at improving the
quality of agricultural land.
2. MATERIAL AND METHOD
The experimental part of this study was conducted in the course of 2013 at
Bački Petrovac experiment field of Institute of Field and Vegetable Crops in Novi
Sad, the geographic position of the field is N 45o 20', E 19o 40', 82 m above sea level,
according to the modified block desing with three replications. The subject of the
study was NS buckwheat variety Novosadska.
Soil in the experimental plot had a low alkaline reaction (pH in KCl = 7.48). It
was high in humus (2.42%), medium provided with nitrogen (0.184%), high in
available phosphorus (33.7 mg/100 g soil) and well provided with potassium (20.5
mg/100 g soil). Soil quality in the experimental plot was monitored by standard
methods, in accredited Laboratory for Soil and Agroecology of Institute of Field and
Vegetable Crops in Novi Sad. Grain quality was monitored by the same laboratory,
according to standard methods.
Primary tillage was performed on 11 November 2012, seedbed preparation 21
April 2013, and planting on 10 May 2013. A planter for small-plot experiments was
used, applying the seeding norm of 60 kg/ha and the plant arrangement 50 x 4 cm.
Crop tending consisted of between-row cultivation and weeding. Harvest was
performed by hand, at the stage of technological maturity, 2 September 2013. Grain
yield was measured in each experimental plot separately and adjusted to 13%
moisture.
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The analysis of the experimental data was performed by the statistical package
STATISTICA 12 for Windows. For the calculation of the yield and quality parameter,
we used a basic statistical method comprising of the following:
for calculation of variation degree of tested parameter coefficient of variation
(CV) was applied in equation: Cv=b·100/ X
movement of occurrences was calculated using an exponential trend in equation:
Yt=a·bxi.
The most important characteristics are presented in tables and graphs.
3. RESULTS AND DISCUSSION
3.1. Meteorological data
In addition to the choice of variety and proper crop management, buckwheat
growing is significantly affected by environmental conditions [3-5, 10].
Meteorological data, data for precipitation and air temperature, were obtained
from Bački Petrovac meteorological station, which is located next to the experiment
field.
Mean monthly temperature in 2013 was 18.60 °C, which exceeded long-term
average by 0.10°C as shown in Graph. 1. The main limiting factor in the 2013th was
the lack of water in the soil in second of the growing season and high temperatures,
especially in July (22.7 °C) and August (23° C), Figure 1.
Precipitation quantity during soybean growing period in 2013 was 459 mm,
which exceeded long-term average by 94 mm for Bački Petrovac, Figure 1.
3.2 Yield and Buckweat quality parameter
[11] reported that buckwheat yield is affected 38% by weather and 11% by
agricultural practices. Also, since buckwheat cultivars may react differently to cultural
practices under steady environmental conditions, the zoning of cultivars obviously
plays an important role [12].
Research shows that buckwheat produced in Bački Petrovac had highly yield
and good grain quality, Table 1 and 2.
Research shows that buckwheat produced in Backi Petrovac had good grain
quality. The average starch content was 57,65 %, 19,31% of proteins content and N
protein 3,09 %. The most stable was protein content, CV =1,82 %, Tab. 1 and 2.
Standard Error of mean for yield for tested variety Novosadska was 173.7019
and Standard Deviation was 300.8604 (Table 2).
Standard Error of mean for starch for variety Novosadska was 0.289847, for
protein content was 0.197005 and for N protein 0.147146 (Table 2).
Buckwheat grain has a high nutritional value as well as wheat grain, but it has a
significantly higher content of lysine and significantly higher biological proteins value
compared wheat [13, 14].
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The average yield of buckwheat variety Novosadska had amounted 2,225 kg/ha
and it recorded stability, Cv =13.65 %, Table 1.
Table 1. Average yield and Buckweat quality parameter, Backi Petrovac, 2013
Parameter

Average value

Min

Max

Rate of change
(%)

Cv
(%)

Yield (kg/ha)

2 225

1 899

2 500

9.43

13.65

Starch (%)

57.65

57.01

58.00

0.83

13.65

Protein content
(%)

19.31

19.02

19.70

0.70

1.82

N protein (%)

3.09

2.80

3.48

7.07

11.29

Table 2. Descriptivne statistics on yield and Buckweat quality parameter, B. Petrovac, 2013
No

Mean

Variance

Std.
Dev.

Std.
error

t
value

p

Yield (kg/ha)

3

2225

90517.00

300.8604

173.7019

12.7114

0.0061

Starch (%)

3

57.65

0.252033

0.502029

0.289847

198.56

0.00003

Protein content (%)

3

19.31

0.116433

0.341223

0.197005

98.186

0.00104

3

3.09

0.522033

0.722519

0.147146

6.91204

0.02029

Parameter

N protein (%)

Buckwheat quality mostly depends on the content and composition of its
protein. There is a huge variation in buckwheat proteins, from 8.81 to 18.7%, with
average value of 12.94% [15].
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Buckwheat is quite suitable for growing in conventional and in organic
production systems, due to simple cultivation requirements that involve crop growing
without the use of chemicals [16, 17].
Based on the investigated results, it was found that buckwheat produced in
Institute of Field and Vegetable Crops, in Bački Petrovac achieved highly yield and
good grain quality in the 2013 year. Energy inputs are minimizing on the soil during
the production process aimed at improving the quality of agricultural land.
4. CONCLUSION
Based on the results obtained in this study it can be concluded:
Based on the investigated results, it was found that buckwheat produced in
Institute of Field and Vegetable Crops achieved highly yield and good grain
quality.
The average yield of buckwheat variety Novosadska amounted 2225 kg/ha.
Buckwheat seed has a high nutritional value. Research shows that buckwheat
produced in Backi Petrovac had good grain quality.
The average was: starch content – 57.65%, 19.31% - proteins content and N
protein – 3.09%.
The highest stability of the analyzed parameters had protein content.
Novosadska buckwheat variety had stable yields followed with quality grain and
energy inputs minimizing on the soil during the production process.
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ABSTRACT
Many beneficial fungi and bacteria have been isolated from the soil and tested in laboratories as
to their ability to control plant pathogens. Recently, some of the more promising of these beneficial
fungi and bacteria have been further developed and marketed to ornamental plant growers as an
alternative to traditional chemical-based fungicides. There are four different mechanisms by which
beneficial or biocontrol agents interact with other microorganisms. Most biocontrol agents apply only
one of these four mechanisms; however, some may employ more than one. Knowledge about risk in
the implementation of some fungicides by the operator, consumers, the environment, failure to solve
some probleme of diseases of underground and aboveground organs of plants, rapid emergence of
resistant individuals in the population of some harmful species, prohibition of application of synthetic
fungicides at the time of maturity and harvest (especially in protected areas ), has led to an increase in
interest and the public and the profession for the introduction of alternative measures to protect plants,
where there rightful place as biological products and other measures withouth useing of pesticides. In
this papers we refered to the plant pathogen as the target organism. Aim of this work is a better
understanding of the current crop of beneficial organisms (biofungicides) - how they work and, most
importantly, their advantages and disadvantages when compared to traditional chemical fungicides.
Keywords: biofungicides, ecology, plant

INTRODUCTION
Biopesticides or biological pesticides based on pathogenic microorganisms
specific to a target pest offer an ecologically sound and effective solution to pest
problems. They pose less threat to the environment and to human health. The most
commonly used biopesticides are living organisms, which are pathogenic for the pest
of interest.
Biopesticides fall into three major categories: Microbial pesticides contain a
microorganism (bacterium, fungus, virus, protozoan or alga) as the active ingredient.
Microbial pesticides can control many different kinds of pests, although each separate
active ingredient is relatively specific for its target pests. Plant-pesticides are
pesticidal substances that plants produce from genetic material that has been added to
the plant. For example, scientists can take the gene for the Bt pesticidal protein, and
introduce the gene into the plants own genetic material. Then the plant, instead of the
Bt bacterium manufactures the substance that destroys the pest. Both the protein and
its genetic material are regulated by EPA; the plant itself is not regulated.
Biochemical pesticides are naturally occurring substances that control pests by non110

toxic mechanisms. Conventional pesticides, by contrast, are synthetic materials that
usually kill or inactivate the pest. Biochemical pesticides include substances that
interfere with growth or mating, such as plant growth regulators, or substances that
repel or attract pests, such as pheromones.
Biopesticides division was made according to the type of organisms that
suppress at: bioinsecticides, biofungicides, bioherbicides other, or they can be
classified according to the groups of living organisms (fungi, viruses, bacteria,
nematodes), which are a function of active substances of bioproducts. According to
the [15], the world was a very significant research directed toward biological control
of Phytophthora infestans, which are mainly based on the use of Bacillus subtilis, B.
pumilus, Lactobacillus plantarum and fungus Mucor spinosus, Pythiuum oligandrum
and Trichoderma harzianum that exhibit antagonistic action . There are a number of
biological agents for the protection of plants that are available on the market.
According to the [10], currently in the United Kingdom registered biofungicides
based on three active substances: Coniothyrium minitans, Candida oleophila and
Peniophora gigantea. In neighboring Hungary biofungicides are based on C.
minitans, Streptomyces griseoviridis and Trichoderma harzianum [13]. Croatia has
registered more biofungicidal preparations based on T. harzianum (Trihodeks WP)
and Aerobasidium pullulans (Blossom protect, protect and Boni Botector) [11,12].
We have two registered biopesticide based on Bacillus subtilis (F-Stop) and Pythium
oligandrum (Polyversum) [16]. However, our manufacturers are offering and
biofungicide based on Trichoderma asperellum (Trifender), intended for disinfecting
substrates in nurseries, greenhouses to suppress plant pathogenic species of the
genera Pythium, Phytophthora, Rhizoctonia, Verticillium, Fusarium and Sclerotinia
[3,14].
There is great interest in the exploitation of fungi to control pests, weeds and
diseases, as evidenced by a number of commercial products already available, as well
as a number of development projects. This area includes a number of disciplines such
as pathology, ecology, genetics, physiology, mass production, formulation and
application methods. Research, development and commercialization of the final fungi
as biological control agents (biological control agents-BCAs) are constantly faced
with numerous obstacles, ranging from knowledge of basic biological knowledge to
socio-economic factors. We made important progress in some areas, but it is
important to integrate them with new knowledge.
Due to the very different nature of the fungi, bio-pesticides having different
mechanisms of action. The most common mechanisms of action of the competition,
micoparasitism and production of metabolites. Some fungi may exhibit all three.
Fungi used as entomopathogenic nematopatogene and for controlling harmful insects,
and nematodes, and as antagonists for the suppression of other fungus diseases of
plants pathogens.
Some of the potential advantages and disadvantages for the development of
biological agents BCA in relation to chemical agents in the control of plant diseases
are: very friendly to the environment, unpersistant, less propensity for resistance.
However, a lower level of control, lack of long-term control, options of mutation,
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variation, lack of application on large areas are some of the disadvantages of
biological control.
Biofungicides contain naturally occurring beneficial microorganisms, either
bacteria or fungi –based, in concentrations that render them cost efficient and easy to
apply using traditional agrichemical methods. They are EPA tested and registered for
environmental and worker safety, and are proving themselves to be a solid first line of
defense against pathogenic microorganisms that cause certain plant diseases.
The purpose of this study was to evaluate emulsified formulations of Vegard
15% AS
to control Cylindrocladium buxicola Henricot (2002) on the Buxus
sempervirens and to establish if there were any plant health issues associated with
regular applications. This represents a novel use for these products.
2. MATERIAL AND METHODS
The studies were performed on the Buxus sempervirens Fig. 2, in the locality
Gornji Milanovac Fig.1, nursery old 5 years, growing on the bush form, with the
distance of planting 1.5 x0.5, the phenological stages before flowering.

Figure 1. Nurserry- G. Milanovac

Figure 2. Buxus sempervirens

The trials were set in accordance with methods PP 1/152 (2) [6] and the
treatment plan was made according to fully randomized block design, Fig.3. The
experiment was conducted on species of Buxus sempervirens in four repetitions on
basic plots consisting of 8 roses (1,5x0.5 m apart), 25 m2 in total.

Figure 3. Randomised block system - Nurserry- G. Milanovac
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The estimation of plants with secondary infection of Cylindrocladium buxicola
Henricot (2002), Fig. 4, was conducted as follows: on 10 plants, on 50 leaves. The
scale of values which was used to record the results of each leaf is as follows: 0 = no
infection, 1 = very low infection, 2 = partial attack (scattered spots affected by
powdery mildew), 3 = moderate to severe disease (up tohalf of the leaf surface is
affected by powdery mildews), 4 = very severe disease (more than half of the leaf
surface under the powdery mildew; edges of the leaves begin to crumple and dry up).

Figure 4. Cylindrocladium buxicola Henricot (2002) (Fungi: Ascomycota: Nectriaceae)

Regarding the method of application and amount of water per unit surface, the
fungicides were applied using the backstroke sprayer “Solo”; with the consumption of
500-600 l/ha of water.
The biofungicide was applied on:
I 05.04.2012.; II 12.04.2012.; III
20.04.2012.; IV 05.05.2012. While working, the treatment time were favorable for
the application of pesticides: the wind was less than 1 m / s, and the temperature 1825 0C. In the case of a 6-8 hour after treatment there was no precipitation.
Biofungicide Vegard 0.5% AS is ahighly bioactive plant-derived (Rheum
officinale Baill) fungicide newly developed by Beijing Kongbo Biotech Co., Ltd. The
fungicide provides exellent preventive effectivness on powdery mildew of vegetables,
as well as gray mold and anthracnose. It is very low toxic to human being and
livestock and friendly to environment. Vegard 0.5% AS is biological fungicide and
gives good control of the disease when it was used before or at the early stages of
pathogen infection. It inhibits spore germination, hyphal growth and penetration of
pathogens in haustories, by creating an active defense of plants by creating a genespecific list - thionine (small fields - rich peptides with antimicrobial properties).
Vegard 0.5% AS induces localized resistance of plants instead of systemic resistance
of pathogens.
Fungicide Benomyl - Active ingredient: Benomyl, Declared: 50.00%, found:
50.38 ± 0.20%, by standard method [4] number of repetitions: 4, Standard deviation
is calculated according to Murray and Spiegel (1961)
The appearance and development of powdery mildews is followed with the
initial appearance and development of the disease on the control variation, as well as
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through accomplishment of a clear difference between the control and other
variations on which biofungicides were applied.
The intensity of disease was assessed by the method of EPPO: PP 1/104(2) [9]
in Guideline for the efficacy evaluation of Plant Protection Products, 1997, 100-102.
Time of estimation was 11/07/2012. Phytotoxicity [2] was estimated according to
instructions of PP methods (1/135 (2) [8].
Data processing was performed using standard statistical methods (intensity of
infection according to Towsend-Heuberger [17], the efficiency according to Abbott
[1], analysis of variance [5] according to Ducan test [5] and methods PP/181 (2) [7].
The differences of the disease intensity were evaluated by the analysis of variance
and LSD-test.
3. RESULTS AND DISCUSSION
Data on realized pathogen infectionon the leaves of boxwood in the control plots
(38.19%) and plots treated with biofungicide based on Vegard (15.86%) were
presented in Table 1. Variants of the application with preparation based on a Benlate
was more effective in comparation with the control group (70.11%) Fig. 5 and Fig. 6.
Among them, there was no statistically significant difference in the intensity of the
disease.
Based on the variance analysis of the randomized block design it was determined
that the difference between the mid repetitions was statistically significant at the
probability of 95%, since F0>F0,05. Moreover, a statistically significant difference
was,nt found between mid treatments at the probability of 99%, since F0>F0,01.
Between the mean values of control and variance Vagard0.5%AS there is no a
statistically significant difference at the probability of 99%. By means of a multiple
comparison procedure (Duncan test, 1955) one homogenous groups were identified
with statistically significant differences at 99%, which match the previously
explained groups studied in the variance analysis. Vagard 0.5% AS are new
biofngicide and there are no other similar trials with him. This is preliminary trials in
this field.
Tabele 1. The intensity of the attacks Cylindrocladium buxicola on the leaves
No

Fungicide

1

Vegard 0.5% АС

2
3

Benlate
Untreated
Lsd 0.05

Dose,Conc.
( %)
4 L/ha

Infection(%)

Efficacy (%)

15.86 b

58.48

Standard (Benomyl
=100%)
97.81

0.1%
-

11.42 a
38.19 c

70.11
0.00

117.27
0.00

3.53
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Figure 5 Stopped infections on leaves

Figure 6 Stopped infections on leaves

4. CONCLUSION
Biofungicide Vagard 0.5% AS at a concentration 4% use very effectively
against Cylindrocladium buxicola Henricot (2002) (Fungi: Ascomycota:
Nectriaceae) (97.81%) and can be successfully used to protect boxwood from the
causal agent. It has good characteristics and physical-chemical properties making it
suitable for practical application.
Biofungicide Vagard 0.5% AS have more specific effects on the target body
from chemicals, therefore only affect the target organism and not cause toxigenic
effects on the environment and thereby increase biodiversity and wildlife.Useing
biofungicides in controling of these pathogens we reduce the induction of pathogen
resistance.
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ABSTRACT
We examined the effect of bioaugmentation on degradation of polycyclic aromatic
hydrocarbons in sediment. Polycyclic aromatic hydrocarbons (PAH) are persistent, poorly
biodegradable, ubiquitously present pollutants, of which many are known for their carcinogenic,
mutagenic and toxic potential. Their hydrophobic nature leads to partitioning on solid faze of aquatic
systems and low bioavailability. Microorganisms capable of degradation of PAHs are ubiquitously
present in environment, but in most cases, activity of autochthonous microbial community is not
enough for adequate removal of pollution. In such cases, bioremediation measures are needed to bring
optimal environmental conditions and improve population of degraders, so that greater removal rates
can be obtained. For bioaugmentation treatment in this experiment two strains of Stenotrophomonas
maltophilia with phenanthrene degradation ability were used. Strains were isolated by selective
enrichment from aged sediment. Experiment was done on flask scale with 50g of spiked sediment in
each treatment. Bioaugmentation was performed with bacterial suspension in exponential growth
phase. Concentrations of total PAHs (GC-MS analysis) were determined on the start and after four
weeks, and bacterial counts (culture methods) were determined on the start, after two and after four
weeks of the experiment. Counts of three bacterial groups were determined during the experiment:
aerobic heterotrophic bacteria, oil utilizing bacteria and phenanthrene degrading bacteria, so that
microbial population dynamics could be assessed. Counts of all microbial groups were in decline
during the course of experiment, possibly due to inadequate conditions in new environment,
competition from indigenous community or toxic effects of PAHs. Nevertheless, reduction of PAHs
concentration still occurred, from which we can assume that even low bacterial populations can
perform successful biodegradation. Percentage of reduction of total PAHs in bioaugmentation
treatments after four weeks of experiment was between 25,96% and 41,81%, and in abiotic control
reduction was significantly lower - only 5,79%, thus further confirming effectiveness of
bioaugmentation in remediation of polluted sediment.
Keywords: bioremediation, biodegradation, sediment, PAH

1. INTRODUCTION
Polycyclic aromatic hydrocarbons (PAH) are persistent, poorly biodegradable,
ubiquitously present pollutants, of which many are known for their carcinogenic,
mutagenic and toxic potential [1]. Their hydrophobic nature leads to solid phase
partitioning in aquatic systems and low bioavailability. Sediment therefore becomes
long term reservoir of PAHs, from which polluting substances can be reintroduced to
trophic levels by sediment disruption (e.g. water floods, sediment dredging).
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Numerous bacterial strains with ability to use PAHs in their metabolism have
been isolated from various environments, including sediment, soil, water and
wastewater. Extensive lists of these strains are given in several review papers [e.g. 26]. Therefore, microorganisms with ability to degrade PAHs are almost ubiquitously
present in living environment, but often activity of autochthonous microbial
community is not sufficient for adequate removal of pollution. In such cases
implementation of remediation measures by which environmental conditions will be
optimized for microorganism activity is needed.
In this paper environmental strains of Stenotrophomonas maltophilia isolated
from sediment were used as a bioaugmentation inoculum. This bacterial species has
already been used in several sediment biodegradation experiments with different
designs and results [7-11]. Strains capable of degradation of phenanthrene,
flouranthene, benz[a]anthracene pyrene, chrysene, fluorine, dibenz[a,h]anthracene,
coronene have been reported [7-9]. Juhasz (1998) observed simultaneous degradation
of low and high molecular weight PAHs (three to seven rings) by a strain of S.
maltophilia, showing that this species can be of potentially high practical importance
in bioremediation [9]. We investigated effect of bioaugmentation with bacterial
strains of S.maltophilia on biodegradation of PAHs in composite sample of aged
sediment on a laboratory flask scale.
2. MATERIAL AND METHODS
2.1. Bacterial strains
As an inoculum in bioaugmentation treatments two environmental strains of S.
maltophilia isolated by selective enrichment technique were used. Strains were
isolated from river sediments with long term exposure to aromatic compounds.
Technique used consisted of inoculating 10g of sediment in 100ml mineral medium
of following composition: K2HPO4·3H2O 4.25 g/l, NaH2PO4·3 H2O 1g/l; NH4Cl 2
g/l; MgSO4·7H2O 0.2g/l; FeSO4·7H2O 0.012 g/l, MnSO4·7H2O 0.003g/l;
ZnSO4·7H2O 0.003g/l; CoSO4·7H2O 0.001g/l [12]. Mineral medium was
supplemented with phenanthrene as a sole carbon source and Tween80 as solubilizing
agent. Phenanthrene was chosen as a model PAH because of its molecular weight and
chemical structure which puts it in group of PAHs with middle level of
biodegradability. Final concentrations were 1g/l for phenanthrene (added as acetone
stock solution) and 1ml/l for Tween80. Flasks were incubated with shaking on
150rpm on 30°C in the dark. After every week of incubation 10ml of suspension was
transferred to fresh mineral medium of same composition [13]. Total of 4 transfers
were made. Also, every week suspension from flasks was spread plated and streaked
on mineral medium agar (MMA) plates. MMA surface was covered with film of
phenanthrene created by pouring 1ml of 1% acetone solution of phenanthrene. After
acetone evaporated thin whitish film of phenanthrene remained on surface. Colonies
which create transparent zone of phenanthrene degradation around them were
transferred to fresh MMA until pure cultures were attained [14]. Pure cultures were
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stored on -70°C until further use. Strains were identified on Vitek 2.0 compact system
according to manufacturer’s instruction (Biomerieux, France) as S. maltophilia.
2.2. Experimental design
Air dried sediment was spiked with phenanthrene, pyrene, chrysene and
benzo(a)pyrene. Bioaugmentation was performed with bacterial biomass in
exponential phase of growth (24 hour culture) grown on nutrient agar. Biomass was
harvested, suspended in saline solution and set to optical density of 0.5 McFarland
solution, which corresponds to 1-2·108 CFU/ml of bacteria. Four treatments were
performed: abiotic control (AB), bioaugmentation with strain 1 (BA1),
bioaugmentation with strain 2 (BA2), and bioaugmentation with both strains
(BA1+2). Treatments were conducted in 250ml flasks containing 50g of rehydrated
spiked sediment and different amounts of inoculum, deionized water or HgCl2
solution. Volumes added to each treatment are shown in table 1. Each treatment was
done in three replicates. Flasks were incubated on 30°C in the dark and aerated by
mechanical mixing once a day. On start, after 14 days and 28 days one of the
triplicates was removed from incubation and analyzed.
Table 1. Experimental design of sediment bioaugmentation experiment on flask scale.
Treatment

Strain 1*

Bioaugmentation
with strain 1

2,5ml

Bioaugmentation
with strain 2

-

Bioaugmentation
with strains 1
and 2

1,25ml

Abiotic control

Strain 2*

Deionized
water

HgCl2**

Sediment

-

7,5ml

-

50g

2,5ml

7,5ml

-

50g

1,25ml

7,5ml

-

50g

-

-

10ml

50g

* Bacterial suspension set to 0.5McFarland standard, approximately 1-2·108 CFU/ml
**0,2g/l solution

2.3. Microbiological and chemical analysis
Concentrations of PAHs were measured on start and after four weeks (end of
the experiment) by GC-MS analysis. GC-MS-analysis: PAHs were extracted from the
sediment using ultrasound technique EPA3550b with a mixture of acetone/hexane
(1:1). Elemental sulphur was removed by copper according to EPA 3660b. Samples
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were fractionated on silica gel by the EPA3630c procedure. GC/MS analysis was
performed according to method EPA8270C, on an Agilent 7890 gas chromatograph
with a MSD 5975C mass spectrometer on an HP-5MS column (J & W Scientific),
using phenanthrene-d 10 as an internal standard. Analyte concentrations were
calculated by internal standard method.Microbial population was also measured on
start, after two weeks, after four weeks (end of the experiment). Groups that were
followed were: aerobic heterotrophic bacteria, oil utilizing bacteria and phenanthrene
degrading bacteria. Aerobic heterotrophic bacteria were determined by spread plate
method on nutrient agar (Torlak, Serbia). Oil utilizing bacteria were determined by
spread plate method on oil powder agar of following composition: NaCl 5g/l; KCl
0.75 g/l; MgSO4·7H2O 7g/l; yeast extract 1g/l; proteose peptone 1 g/l; K2HPO4 0.3
g/l; KH2PO4 0.3 g/l; agar powder 20 g/l; crude oil powder 10 g/l; TTC solution 1
ml/l. Both groups were incubated for 5-7 days on 30°C. Phenanthrene-degrading
bacteria count was determined by modified MPN method from in which 10µl of
dilutions were placed on MMA with phenanthrene film in five replicates [15]. Plates
were incubated 15 days on 30°C and appearance of transparent zone around
inoculation spot was determined. Based on the number of spots with transparent zone
MPN value was determined.
3. RESULTS AND DISCUSION
3.1. Microbial counts
Counts of three bacterial groups were measured during the experiment: (1)
aerobic heterotrophic bacteria, (2) oil utilizing bacteria as portion of population
capable of oil degradation and (3) phenanthrene degrading bacteria as population
capable of biodegradation of chosen model PAH. Counts of bacterial groups in all
treatments declined over time (with exception of AM) (figure 1), possibly due to
inhibitory competitive effects from indigenous microbial community [16], toxicity or
unfavorable conditions. Aerobic heterotrophic bacteria showed population growth in
two of three treatments. Their population was more stable compared to other two
microbial groups. Other two groups showed decline of population size during 4
weeks of experiment. Oil utilizing bacteria in treatments BA1 and BA2 exhibited
population decline of 3,42% and 4,58%, respectively. Treatment BA1+2 showed
significantly greater drop 54,24%. Phenanthrene degrading bacteria had similar
percentage of reduction after two and after four weeks in all treatments which ranged
from 80% to 96,6%.
3.2. Reduction of PAHs concentration
Reduction of PAHs concentrations after 4 weeks of treatment is given in table
2. Greatest removal was obtained in BA2 treatment. In all bioaugmentation
treatments reduction of total PAHs concentration was at least 4 times greater than in
abiotic control. Despite population decline, reduction of PAHs concentration still
120

8
7
6
5
4
3
2
1
0

start

Aerobic mesophilic
bacteria
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BA1
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occurred, from which it can be assumed that even reduced bacterial population can
have significant effect on pollution removal.

28 days

Phenanthrene
degrading
bacteria

Figure 1. Number of aerobic heterotrophic, oil utilizing and phenanthrene degrading
bacteria in sediment during bioaugmentation experiment
Table 2. Concentration and percent reduction of total PAHs from sediment during
bioaugmentation treatment.

Abiotic
control

BA1

BA2

BA1+2

Start (mg/kg)

16,80

16,80

16,80

16,80

After four
weeks (mg/kg)

15,83

10,95

9,78

12,44

% reduction
after four
weeks

5,79

34,84

41,81

25,96

BA1 - bioaugmentation with strain 1, BA2 - bioaugmentation with strain 2; BA1+2 bioaugmentation with strains 1 and 2

In experiments with mineral medium as a matrix in which degradation is
measured, much higher percent of reduction were detected, for example 85%
reduction for phenanthrene was determined by Moscoso et al. (2012) [13]. But such
high reduction is unrealistic in conditions with sediment as experimental matrix,
where PAHs are bound to organic matter and have lowered bioavailability. When S.
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maltophilia was used as a part of a mixed culture inoculum, higher degradation rate
was obtained than when strains were used separately. Compared to other two strains
in mentioned mixed culture (Acinetobacter baumanii and Klebsiella oxytoca) S.
maltophilia proved to be the most effective phenanthrene degrader [11].
4. CONCLUSION
In this paper we examined effect of bioaugmentation of sediment with
phenanthrene degrading bacterial strains. Bioaugmentation treatments with strains of
S. maltophilia resulted in 25,96% to 41,81% reduction of total PAHs. Bacterial
population size declined over the course of the treatment, but nevertheless reduction
of PAHs concentration still occurred, from which it can be assumed that even reduced
bacterial population can have significant effect on pollution removal. Therefore,
strains show possible usefulness in bioremediation of sediment.
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ABSTRACT
Remediation of land is a collection of activities and measures to be implemented
through the Planning devastated locations in order to determine their most appropriate uses.
This requires an integrated approach to the problem, expert knowledge and skills that are
installed in all the activities of preparation of project documentation , exploitation of mineral
resources , the completion of mining operations and the realization of the reclamation .
Derived reclamation in practice, very often does not provide a quality remediation of
damaged sites and its functional integration with the spatial unit.
The paper presents the experience gained during several years of monitoring the
situation in the field of surface mining of coal mines in Tuzla basin: Brown Coal Mine
"Banovići" and mine "Đurđevik". A new approach in the use of technogenic of land allows
very different development projects in the agricultural sector, forestry, tourism offer, cultural,
sports and educational facilities, including the development of rural areas, it can be inferred
from of results of previous research on these locations.
Keywords: technogenic of land, sustainable development, integrated approach, remediation
of devastated locations, deposol, rekultisol

1. INTRODUCTION
Canton of Tuzla is very rich with lignite and brown coal deposits. The
exploitation of lignite in Mine "Kreka" dates from 1885, (Austro-Hungarian Empire
initiated the exploitation). The exploitation of brown coal in the mine area
"Đurđevik" lasts from 1936, and Banovici from 1938. In this paper, the focus is on
surface mining, which began in 1946, on brown coal mine Banovići. At the begining
there were several dozens of small surface pits and then it was approached to the
opening of open pits of medium and high capacity with the exploitation period of up
to 30 years.
Surface mining of coal is a major "consumer" of land because it requires the
removal of all geological formations above the coal layer, and their storage in a
different location, so - called. outside landfills. After a certain period of coal
exploitation and the acquisition of technical and technological conditions, it is
possible to use the excavated area where coal is extracted for disposal overlying
material so - called inside landfill. Removal of overlying materials, a decade long
coal exploitation, formation of internal and external dumps, are the cause of the
changes of environmental elements and factors in these locations: relief, water regime
(surface and groundwater), vegetation, microclimate.
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Pioneering works on the re-cultivation started in Banovići. The first experiment
with the fruits is based there, which triggered some major activities in this segment of
the Environmental Protection. A more recent approach to this problem requires
interdisciplinary approach in order to successfully achieve the principle of sustainable
development, not just a partial fulfillment of legal obligations on remediation of the
devastated site of coal exploitation.
2. LANDFILL – NATIVE SUPSTRATE
In the areas of surface mines, activities and recultivation processes are taking
place on the substrate (landfills) that they occur under anthropogenic influences. Such
formations are called:
Technogenic substrates, the soil / ground formed in these native substrate, are
classified in Class VII technogenic soil - Tehnosoil [1].
Deposoli, are delayed overlying materials on which reclamation is not
performed.
Rekultisol, are the technogenic formations where recultivation measures were
implemented on the deposolima. The process of forming deposol may take time,
which is why some landfills comes to the development of spontaneous vegetation,
and this process is called spontaneous recultivation. In figure 1. deposol of technicaly
uncontrolled landfills in the mine "Banovići" and mine "Đurđevik" are presented.

a)
b)
Figure 1. Deposoli of uncontrolled landfill in mines
a) Mine Banovići, b) Mine Đurđevik
(Photo: Kemal Šarac 2010)

On the surface of mine pits "Banovići" overlying materials over the brown coal
deposit consists of a variety of marl series, thickness of 70 to 100 m. Marl are mixed
rocks, made of carbonate and clay components. The content of CaCO3 in marls
ranges from 25 to 75%. Depending on different ratios of carbonate and clay
components, marl makes the transition from one side to the pure limestone, and on
the other towards the clay. After excavation, transport and disposal of the original
features, these natural materials significantly change, which affects the success of
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recultivation. Composition of the overlying series observed in coal mines is presented
in the table 1.
Table 1. Composition of the overlying series over deposits of brown coal and lignite
Mine „Đurđevik“Mine „Banovići“Mine „Kreka“
PK „Višća“
PK „Grivice“
PK „Šički Brod“
Types of overlying
Types of
Types of overlying
material
%
overlying material
%
material
%
clay marlstones
61,0
marl
94,5 marly clay
30,0
clay (marl 19,0
clay
3,8
different sands
70,0
gravel.)
marl
9,4
gravel
1,4
100
limestone
8,4
humus*
0,3
* Coal remains in
carbonaceous clay
1,2
100
the analysis of
sandstones
1,0
overlying
100
"become" humus

3. HISTORY OF THE RECULTIVATION/REMEDIATION
In practice, there are two ways of performing recultivation. Direct or indirect
recultivation is carried out after the technical phases recultivation on deposolima
without mulching the humus layer. Inderekt way is also a technical arrangement of
surface, and mulching topsoil thickness of 25-40 cm before performing biological
cultivation. So far, recultivation is usually done by direct way.
3.1 Mine of brown coal „Banovići“
During the 1961/62. at the l0 hectares of landfill "Bukve", of open pit "Čubrić"
black pine (Pinus nigra Arnold) and white pine (Pinus sylvestris L.) were planted,
along with a smaller number of other forest plantations. Used are perennial plants,
and planted 2,500 seedlings per 1 hectare. Projekat je vodio stručnjak diplomirani
inženjer šumarstva [2]. Prema izvršenim opažanjima i ocjeni stanja nakon 13 godina,
rekultivacija je bila uspješna uzimajući u obzir visinski prirast sadnica i prečnik
debla. During the war pine forest was mostly cut, figure 2 shows a remaining forest.
After this experience, the trial was set with the fruits cultures during 1966/67th
year [3], also on the site of PK "Čubrić" at an area of 3 ha,. The orchard was a mixed
type of crops: apples, pears, plums, cherries, cherry, peach and walnut. After a 13annual survey of immediate fruit marl landfill recultivation, This experiment has
shown good results, and recultivation is rated as fully successful. Walnut has shown
the best results, in second place was plum and cherry on the third.
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Figure 2. View of the remaining part of the 50-year-old pine forest site „Bukve“
(Photo: S. Sufi-Mićić, june 2010)

They issued a recommendation that on the marl on deposolima used walnut for
biological recultivation, taking into account the much lower costs compared to hiring
and growing other fruit crops. An urbanized village Stražbenica was moved at the
landfill "Bukve" , due to expansion of the mine, the figure 3.

a)

b)

Figure 3. View of recultivated area
a) urbanized village Straževica, b) Mine PK Čubrić
(Photo: S. Sufi-Micić 2010)

3.2 Mine of brown coal „Đurđevik“
The experiment was repeated in 1979/80 outside the western landfill site
„Kažalj“ on PK „Višća“, Mine „Đurđevik“ [4]. in A mixed orchard on an area of 3.5
ha was planted (apple, pear, plum, cherry, peach and walnut). The trials included 20
varieties, some of which were 19 different fruit surfaces, for appropriate fruits, and
20-th version was the control. The objective was to determine the suitability of the
fruit surface for quick and immediate recultivation. The results showed that it is
possible to direct the young fruit recultivation marl landfills, using generative and / or
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vegetative surfaces. Walnut here too showed the best results (increase the diameter of
the tree), then peach and plum. On figure 4. Are examples of arranged sites on mine
landfill in Đurđevik.
Outside mentioned experiment it was reclaimed in 60 ha in 1979 on the same
site. The structure of these areas was as follows: 28 ha orchard is based on a 14 ha of
clover-grass mixtures, and on the slopes of the landfill (about 18 ha) forest tree
species were planted. Three decades after that the forest is in good condition, and
orchard is neglectedwith with no returns. Clover-grass mixtures proved to be very
good.

a)

b)
Figure 4. Arranged sites on mine landfill Đurđevik
a) Rajsko lake Bašigovci, b) Rekultisol on PK Višća
(Photo: S. Sufi-Micić 2010)

4. ANALYSIS OF EXISTING PRACTICE
It can be concluded that previous practice arrangement of technogenic mining
land is not sustainable. These examples of research opportunities of fruit recultivation
of mines "Banovići" and "Đurđevik" are very important from a scientific point of
view, because they achieved certain results. For performing a large scale of
recultivation of economic parameters and evaluation of sustainability of such
facilities are essential. Facts show that only 13.5% of the damaged area of the Tuzla
Canton is brought to a purpose [5], and thousands of hectares industrial deserts for
decades remain outside any useful purpose, table 2.
Table 2. Structure of technogenic surface by Municipalities where the mines are
Municipality

Area (ha)

Expon.
Demaged
Recultivated
land
(ha)
(ha)
(ha)
Tuzla
29.627
205
182
49
Lukavac
33.831
998
693
359
Živinice
29.806
3.053
3.007
39
Banovići
18.197
2.200
2.400
400
TOTAL
111.461
6.456
6.282
847
Data are from the Spatial Plan of the Tuzla Canton 2005-2025
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Not recult.
(ha)
133
337
2.968
400
3.838

Not yet
degr.
(ha)
23
305
1.041
1.400
2.769

Vod. ak.
(ha)
22
9
17
30
78

Examples of good practice from Banovic, where in 1979 at the landfill site,
"Bukve", at open pit "Čubrić" an urban village Stražbenica was built, P = 175 ha,
Figure 3a, and the settlement was moved to this location in order to expand PK. They
also built and settlements Selo II, Bagremik, Kasumovići, Čubrič and a refugee
setlement Mrdići [5]. This is an example of saving land resources that is not
devastated and technogenic sites that are given new purpose. A good example of the
locality „Rajsko jezero“, on figure 4a.
The outstanding problems in the process of recultivation of sites with
technogenic soils derived from a variety of causes. The legislation is not harmonized
between sectors, and are not sufficiently clear of the jurisdiction of the vertical
hierarchy. In spatial planning documents, these areas are not adequately treated.
Collection, distribution and consumption of concession and Environment Protection
(polluter pays) is not sufficiently transparent. The technical phase of recultivation is
not performed in a timely manner and approved by the project, which affects the
increase in costs in subsequent activities. It is much more important that in such
circumstances there is a real risk of accidental events, especially during the
occurrence of meteorological disasters. Then the enhanced erosion processes,
landslides occur in landfills, which often causes flooding of surrounding, nondegraded terrain.
5. CLAIMS OF THE NEW APPROACH REMEDIATION
Recultivation of damaged land surface mining, is just one step in the
remediation of devastated sites and their functional integration with the spatial units.
So far a uniform methodology for the process of collecting and processing data on
damaged and reclaimed areas has not been established and some facts in the
meantime, were lost, forgotten. Therefore, often it is not possible to compare some
data, and to reach the same results. As a consequence of these practices used and / or
published data on the status of technogenic surface are significantly different,
depending on the actual operator of the expert service, and for the purposes for which
information is required / give.
It would be good for each mine to separately keep records in the form of
databases or cadastre of all changes to the damaged area and its revitalization. Such
document would be the most reliable evidence of changes (positive and negative) that
occur as a consequence of the exploitation of mineral resources at that site, as the
exploitation of a surface mine lasts for decades.
Remediation involves harmonization of activities between the different sectors,
which must be legally and procedurally compliant, particularly with regard to
regional planning, agriculture, forestry, environment, water resources... It is also very
important the role of the education system, which has not responded well to these
needs and educated staff who are professionally competent, will contribute to the
realization of sustainable development principles into practice. The new requirements
seek from local communities to be included as active partner in all projects, and to
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align the interests of the local government. Mines and Tuzla and Banoviće coal basin
exist in urban areas, as the new approach enables a wide range of selection of new
development opportunities. The basis of development opportunities perceived from
several viewpoints includes [6]:
Resource potentials: technogenic soil, human resources, mineral and natural
resources, geographical location areas and cultural and historical heritage,
Directions of development: diverse tourism offer, the development of rural
areas with the development of organic agriculture, sport and recreation, hunting and
fishing,
Models of development: implementation of good practices, awareness of
environmental quality, sustainability projects, the satisfaction of the local community,
creating an image of success, branding specialties, education,
The implementation of the development vision: a) sources of financing;
funds from concessions and environmental fund, EU funds for rural development,
participation of stakeholders, b) strategic approach; implementation step by step, to
support the development of rural areas, the development of environmental tourism.
Risk factors are: inertia and / or sluggishness in implementing the action
(traditionally feature), prceduralne / bureaucratic / difficulties, lack of support launch
initiatives and projects, lack of partner cooperation, lack of financial support,
transitional reality (socio-economic aspects).
Some ideas for development projects are related to Banovici having a program
of tourist offer (ride the narrow-gauge railway-train "Ciro"), and here is an idea for
horse breeding. The second idea relates to the establishment of the campus on
recultivated area to meet school and university students, ecologists and friends of the
environment, to learn about the most important features of the development of mining
in Tuzla Canton. Also in Banovići and Đurđevik there is a real possibility of growing
culture of walnuts in deposolima for the production of technical wood (walnut wood),
because yields are often absent due to the occurrence of late frosts.
6. CONCLUSION
Recultivation conducted a few decades ago for the purpose of scientific
research has given some results, after which it came to the second conclusion that
relates to the need for economic feasibility and environmental efficiency projects for
the area of technogenic soils. It means that current practice does not meet the
requirements of the new approach, which is based on the principles of sustainable
development, it is the most acceptable purpose and remediation of these areas.
Technogenic mining areas that exist in urban areas, obligates all parties in the
chain association of industries in a faster and more effective action in the process of
remediation. The fact that all mines operating in a residential environment provides
endless opportunities for innovative projects and programs, which would be based on
technogenic resources and natural resources in order to improve the quality of life of
local communities.
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A strategic approach to raising the quality of the environment and quality of life
of the human community includes the necessary reform of the education of
professional staff, but also the introduction of more appropriate environmental
education and education of young people from kindergarten to the high school age.
That would make a better quality of public participation in decisions concerning the
sustainable development of their communities and society as a whole. If not, future
generations will suffer the consequences of the irresponsibility of the current
generation.
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ABSTRACT
Ecological restoration is the theoretical basis for practical restoration of biological systems,
populations and communities inhabiting the specific environment of ecosystems. Ecological
restoration is understood as an applied discipline for restoration of biological systems, which is based
on the theoretical foundations of ecology. A key component of ecological restoration is biotic
component, but the restoration of ecosystems must also include alterations of the physical conditions
of locality. Protected Landscape Area (PLA) Kysuce was announced in May 23, 1984. PLA Kysuce is
one of the largest broad protected areas in the Slovak Republic with area of 654.62 km2. It is located in
the north-western part of Slovakia. In region of the PLA Kysuce were identified 38 localities in various
stages of disturb. The mountain recreational activity (45 % of identified sites), succession and change
the hydrological regime (29 % of sites) are the most common disturbances in the region of PLA
Kysuce. The restoration for each disturbed locality (ecosystem) is important to prevent destruction of
habitats, changes in environmental conditions and subsequent protection of natural species diversity
and nature conservation. The aim of this paper is the application of ecosystems restoration methods in
selected locations of the PLA Kysuce. As the model localities were selected meadow ecosystems in the
village Oščadnica located in mountain areas disturbed with recreational activities and wetland
ecosystems disturbed by succession and changes in the hydrological regime in the village Klokočov.
Keywords: ecological restoration, ecosystem, Protected Landscape Area Kysuce, disturbance

1. INTRODUCTION
Continual deterioration of the natural environment due to human activity leads
to ever increasing efforts to protect endangered ecosystems and repair damage from
the past. This effort led to the idea of the active interference in the correction of the
damaged ecosystems. Restoration is the process of improving the biological quality
of the country, in particular on the restoration of the representation of living
organisms, which was disturbed some way in the past.
Successful restoration must be based on intensive scientific research and
requires an interdisciplinary approach, since it is a synthesis of knowledge from
disciplines involved in abiotic and biotic component of the natural environment.
Restoration ecology and conservation biology are complementary and
sometimes restoring is understood directly as part of the wider uptake of the
Conservation Biology (Dust, 2006).
The aim of ecological restoration is to use the spontaneous mechanisms
restoration communities to repair the damage caused by factors that led to their
disturbance.
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Restoration is the end of protection in some sense. The restoration is a more
appropriate method in the country where is no longer possible what to preserve
(Smith, 2006).
Improvement of damaged (degraded) ecosystems can be expressed in terms of
two main characters ecosystem - structure and function. The both characteristics are
reduced where there is disturbance of the ecosystem (though not necessarily the
same). The various methods of ecosystems restoration in the context of terminology
and in relation to the main feature of the ecosystem reflect Figure 1.
Ecological restoration is defined as the planned conversion of the area to create
a defined natural historic ecosystem; point of this process is to achieve the structure,
function, diversity and dynamics of the target ecosystem (Society for Ecological
Restoration, 1991).

Ecosystem functions (biomass, nutrient)

recultivation
(substitution)

restoration

Natural
ecosystem

rehabilitation

Natural processes
(spontaneous succession)
Disturbed
ecosystem

degradation

Ecosystem structure (diversity, complexity)

Figure 1. Basic processes in ecosystems restoration in relation to the changing structure and
functioning of the ecosystem (Perrow, Davy, 2002)

The goals of the Restoration Ecology are increasing the value of the natural
disturbed habitats. As reported Prach (2006) central issue in any restoration is the
question "What is the subject of recovery?" Redefine the landscape structure,
ecosystem functions, composition of communities, the size and quality of the
populations can be restored.
The definition of a targeted ecosystem, respectively communities (target
ecosystem / community) is the first step in the restoration of a particular place. Target
communities are composed of target species. For the correct definition of the target
ecosystem or community, it is appropriate to have a reference ecosystem. It is
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undisturbed area, the best near to destroy area. The definition of the target ecosystem
often varies by region (Kotrla, Prčík, 2010).
The first and essential step in any ecosystem restoration is formulating goals of
the restoration. Hobbs, Harris (2001) defined seven key steps in the restoration
process as follows:
1. Identification of the processes that lead to degradation.
2. Design of methods leading to stop of the degradation.
3. Determination of the actual goals of the restoration project.
4. Proposing easily measurable parameters documenting the restoration process.
5. Proposing specific methodologies.
6. The incorporation of the methods into the project of the restoration.
7. Monitoring.
Successful resumption of sustainable communities and creating new persistent
complex systems capable of functioning ecosystems in the new environment can test
our understanding of the dynamics of communities.
Defining the objectives of the restoration depends on the particular direction of
Applied Ecology (Ormerod, 2003). For example, conservation experts perceive
restoration as the restoration of the threatened species and populations (restoring
salmon populations - Feist et al., 2003). The environmentalists perceive restoration as
the restoration of the landscape components - the quality of water, air, land (restoring
water quality of the river system - Gilvear et al. 2002; restoration of ecosystem
services - Ehrenfeld, 2000). The landscape ecologists are working to restore optimal
structure and connectivity of habitats (Gergel et al., 2002). The agroecologists aim to
restoration the productivity of agro-ecosystems and the protection of agricultural land
(Keesing, Wratten, 1998).
The aim of this paper is the application of selected methods for restoration of
ecosystems in model sites of the Protected Landscape Area (PLA) Kysuce based on
the theoretical and methodological assumptions of ecological restoration and practice
of the ecological engineering.
2. MATERIALS AND METHODS
Protected Landscape Area Kysuce was announced in May 23, 1984. Its area of
654.62 square kilometres is one of the largest large protected areas in Slovakia. It is
located in the north-western part of Slovakia.
The wetland ecosystems in the village Klokočov and mountain meadow
ecosystems in the village Oščadnica were selected as the model sites. Wetland
ecosystem (habitat Polková Meadow) is located on the north-west of Slovakia in
Žilina region, district Čadca. It is located in the cadastral territory of Klokočov. It
belongs to the Western Beskydy to orographic units Turzovská highlands,
subassembly Kornianska furrow. The altitude ranges 600-900 meters above sea level.
The locality interferes to National Natural Reservation Polková and is part of the SCI
Klokočovské peat bog. Meadow ecosystems located on the north-west of Slovakia in
the Žilina region falls within the district Čadca and it is located in the administrative
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area of Oščadnica. The territory assigned of central Beskydy to orographic units
Kysucké Beskydy, Raca subunit. The altitude of the area ranges about 800 meters
above sea level. The locality is the subject of the amendment of the Slovakia National
List of Sites of Community Importance. This is an extremely well-preserved complex
of transitional habitat types foothill and mountain hay meadows with small scale
fragments of the flowery mountain vegetation.
Ecological restoration of selected degraded ecosystems in the area of PLA
Kysuce was methodically processed according to Hobbs, Harris (2001) adjusted to
the following structure:
• Identification of the disturbance factors.
• Define processes to stop the degradation.
• Method of the restoration.
• Monitoring.
3. RESULTS AND DISCUSSION
Interest area of the PLA Kysuce was originally completely covered by mostly
mixed forests. The banks of the rivers and streams were represented by alluvial
submountain and mountain forests. Around flows and under the slopes were created
extensive marshes. This country has changed significantly from the 16th to 17th
century. The collective farming with large conversion area and way of management
and mining activities in the forests affected adversely to the landscape structure.
Forests were converted to fields and meadows.
3.1. The current analysis of land use of the PLA Kysuce
Surface area is a 654.62 square kilometres. Land resource area consists of
agricultural land (about 33.25%) - 4.72% arable land, 1.14% gardens, 0.003%
orchards and 27.38% grasslands and non-agricultural land (about 66.75%), which is
formed by forest land 60%, water areas 1.15%, built-up 4.12% and other areas 2.29%.
3.2. Identification of degraded ecosystems in the PLA Kysuce
In the PLA Kysuce is valid 2nd level of protection. Even though in the area was
identified 38 localities of damaged ecosystems (Kullová, 2011). On the analyzed
territory were identified following major disturbance factors as alpine recreational
activities, the process of succession and the suppression of the native species
composition of ecosystems and changes in the hydrological regime.
In the territory were identified 11 localities affected by construction and
operation of slopes and 6 localities affected by recreational building (a total of 45%
of identified localities within the PLA Kysuce). Unregulated sports and recreational
use of the area accompanied by urbanization process is currently one of the negative
anthropogenic impacts on nature of the PLA Kysuce. The alpine recreational
activities, a dense network of hiking trails and high attendance is from ecological
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point of view multiply beyond bearable burden of the natural environment, and is
causing changes in the morphology of the territory and vitality of natural plant and
animal species, loss of sensitive species stomping, penetration and spread of nonoriginating vegetation change species composition of communities, retreat and
mortification of several animal species.
Abandonment of meadows maintenance gradually leads to changes in the
species composition and loss of biodiversity of these communities. Result of this
activities is increased representation of grasses and gradual overgrowing meadows
self seeding trees like birch, juniper, spruce and subsequent succession. Another
negative impact in the PLA Kysuce is erosion of the hydrological regime, influencing
the hydrological regime of some sites sinks streams, grooves from extraction
activities in forest growth. In the PLA Kysuce were identified in such a way 11
degraded ecosystems (total of 29% of localities identified in the PLA).
Without meadows maintenance into by succession affected grasslands penetrate
invasive species such as Impatiens glandulifera, Stenactis annua, but most
Heracleum mantegazzianum. In 7 localities were identified ecosystems attacked by
invasive species Heracleum mantegazzianum (18% from all localities).
To the negative factors also includes immission load of the PLA Kysuce from
surrounding the PLA, but also distant emitting sources (Žilina, Ostrava, Katowic
industrial agglomeration). The forests are debilitated due to ambient air pollution and
become an easy target for attack by wood-destroying insects and fungi, calamities
arise and then extracting the clear cutting vegetation manner over large areas. Three
from these localities were identified in the PLA Kysuce. They are in particular Limemaple rubble forests.
3.3. Proposal for restoration of damaged ecosystems in Kysuce
A. The wetland ecosystem in the locality Polková meadow in the village
Kolokočov is the centre of the occurrence transitional spring fens peats and fen
meadows on mineral poorer rocks. The all types here represented communities in the
PLA Kysuce need the protection because their occurrence is due intensification of
agriculture, especially drainage, decreases rapidly. Before restoration it is necessary
to stop the process of degradation of habitat. The main disturbance factors that
adversely affect biodiversity and ecology and ecosystem and processes to stop
degradation are shown in Figure 2.
The self seeding trees removal which deplete water from the site is most
important before is restoration started in succession habitat damage recovery. The
more frequent mowing and removal of biomass from the locality is recommended
after removal of the self seeding tree. During the first two years should be mowed
twice a year. To maintain high species diversity should the meadows be mowed after
maturing of seeds of predominant species. Alternatively is recommended the mowing
combined with grazing. Sheep are to be preferred for grazing on wet meadows
because they better tolerate wet environment and graze non-selectively including
higher stands. Their number should not exceed 2 to 3 pieces per hectare. On the
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overgrown fens is very effective mulch. If the grassland is not sufficiently dense and
there are bare places the restoration by transferring blocks of sod from the speciesrich grasslands is recommended. They provide a rich supply of seeds and allow more
rapid species.
disturbance factors

processes to stop of the degradation

* giving up of meadows maintenance
* increased representation of the grasses
and self seeding trees, what leads to
secondary succession of the habitat
* penetration of the invasive and
expansive species of plants
* degradation of the hydrological regime

* prevent changes in the hydrological regime
and its restoration
* use of traditional forms of the maintenance
* prevent the spread of the village area
* periodic removal of the self seeding trees
and invasive species
* regulation of the forest roads and trails

Figure 2. Disturbance factors and measures to stop it before restoration process of the
wetland ecosystem in the village Klokočov in the PLA Kysuce

The changes in the hydrological regime and secondary succession are major
problems in relation to vegetation wetlands and peat lands. A precondition to restore
wetlands damaged by changing the water regime is the hydrological regime
restoration. On the researched area is suitable build the drainage channel or
construction of wooden sluices through drain.
For the conservation of wetland ecology and ecosystem and restoration analysis
is important to monitor, maintain hydrological monitoring regime, to monitor the
incidence of invasive plants, invasive and expansive species.
B. A mountain meadow ecosystem in the village Oščadnica represents flowery
alpine and mountain grasslands on siliceous substrates, lowland, upland and mountain
hay meadows.
The main factor of disturbance at these localities is alpine recreational activity.
Situating sports, accommodation and catering facilities, a dense network of hiking
trails and enormously high traffic cause changes in morphology and vitality of natural
plant species, loss of species sensitive on stomping, blending and distribution of nonnative vegetation. Establishing the ski slopes with steep slopes, as well as extensive
felling in mountain and foothill zone led and lead to disruptions microclimate and
hydrological regime, erosion and soil destruction, to the wind fallen trees and to the
deterioration of vegetation in large areas. The modification ground surface means
disturbance of the relief originality.
The proposed processes to stop the degradation of the area before implementing
restoration are: restoration of damaged biotopes, removing invasive plants, control
and guidance of visitors, traditional forms of maintenance and controlled construction
in the centre.
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In areas damaged by construction activity and sensitive for erosion is needed
restoring natural grasslands by seeding of native species. The natural materials and
the use of squares of the grass sod are preferred for the reclamation of the soil and the
erosion protection. To restore damaged grassland habitats is advised through areas
sown with a mixture of seeds, among which dominate mainly grass seeds. To ensure
effective recovery, it is necessary sown the seeds several times. A suitable method of
restoration is proposed the transfer of biomass from high quality meadows, which are
not damaged and transfer sod blocks from the high quality meadows. The quality
mesophilic subalpine and alpine pastures union Polygalov-Cynosuremon, with the
presence of the mountain species belonging to union Nardo-Agrostion tenuis is
proposed as a reference ecosystem. Within these localities was recorded occurrence
of small scale springfens wetlands.
To remove invasive plant species is recommended mechanical method. This
method prevents the formation of flowers, inflorescences, fruit, and destroys the soil
seed bank. The tourists visits should be limited to those parts of the territory, which
are significant in terms of protection. Movement of the tourists within the area is the
necessary to direct the along the reserved hiking trails and the hiking trails provide
the appropriate accessories.
Based on the monitoring is the possible to assess whether the methods and
procedures are correct, whether restoration is or is not effective and whether further
actions are needed. Annual monitoring will be on the localities where vegetation has
been removed and all other localities will be monitoring every five years.
4. CONCLUSION
Protected Landscape Area Kysuce is rich in rare and interesting ecosystems. On
the territory comes to the conflict of interest in economic use of the natural resources
and the ecosystems with conservation of the nature. The natural and undisturbed
developments of plant and animal communities of Kysuce nature have adverse
impacts on various factors. Intensive forest management in commercial forests has
negative impact especially on sensitive species of animals. Completion of traditional
farming causes changes in the grassland species composition and wetland
communities. The big problem is also the spread of non-native plant species that can
seriously threaten natural ecosystems. Recreational land use of the PLA Kysuce
accompanied by urbanization processes are among the harmful anthropogenic
impacts on natural areas.
Land use and natural resources by man has resulted in significant degradation
of the ecosystems in the area despite the fact that in the PLA Kysuce was applied a
second level of protection under the law on nature and landscape protection. 38
localities in various stages of disruption were identified in the Protected Landscape
Area Kysuce. Degradation by alpine activity were identified in 45% of area,
succession and changes in the hydrological regime in 29% of area, invasive species in
18% and deterioration and weakening health of the vegetation in 8% of area.
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At two locations was designed restoration, in order to increase ecological
stability and biodiversity. It is concretely a wetland ecosystem disturbed through the
succession process and changes in the hydrological regime in the village Klokočov
and the second is the mountain meadow ecosystems disturbed by alpine recreational
activities in the village Oščadnica.
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ABSTRACT
The possibility of growing plants Miscanthus x giganteus was analyzed on different types of
substrates as well as the ability of extraction of heavy metals (nickel and cadmium). Miscanthus was
chosen because it has a wide ecological valence, the possibility of growing on soils of lower quality
with unfavorable conditions for the cultivation of annual crops and food production, it is also one of
the non-invasive crops with high annual yield of biomass and high energy value during combustion.
Those characteristics make Miscanthus suitable for biofuel. The experiment was established in May
2012, by planting of 54 rhizomes in the containers with three different substrates (ash, overburden and
fertile soil). Three types of treatments were done: fertilization, addition of growth stimulators
(acetylsalicylic acid) and the addition of heavy metals. Test results showed that Miscanthus can be
grown on sandy substrates, mullock and soil. The presence of heavy metals has not led to greater
reduction in yield. Miscanthus has shown a high possibility of extraction of heavy metals which varies
depending on the type of substrate and the applied treatment.
Keywords: heavy metals, miscanthus, extraction, soil

1. INTRODUCTION
Miscanthus x giganteus (Elephant grass, Chinese sedge) is a perennial hybrid
fast-growing, non-invasive crop, it gives high annual yield of biomass (10-30 t / ha)
and achieves a high energy content during combustion (17.7 MJ / kg) [1,2].
Miscanthus is grown as energy crop for combustion in power systems [3]. It has a
wide ecological valence, the possibility of growing on soils of poorer quality with
unfavorable conditions for the cultivation of perennial crops and food production
[4,5].
The primary use of above-ground biomass refers to combustion for obtaining
the thermal and / or electrical energy. Secondarily, growing Miscanthus is also
important in ensuring quality raw material for the paper industry, biodegradable
products, the use as ecological building materials, landscaping urban areas, soil
reclamation and remediation of soil [6].
The aim of this paper is to explore the possibility of growth miscanthus on three
different substrates (ash, soil and tailings) with and without the addition of heavy
metals and the possibility of extraction of heavy metals from the substrate.
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2. MATERIALS AND METHODS
The experiment is based on 05.05.2012. year by planting 54 rhizomes to the
pots. With 10 l of substrate. Rhizomes at the time of planting were two years old,
originally from experimental plots in the village Noćaj near Sremska Mitrovica
(founded in 2010). By type of substrate that was used, the test is divided into three
groups:
• Group I: Ash as a basis
• Group II: Fertile soil as a base
• Group III: Overburden as a basis
Ash from the power plant "Nikola Tesla", fertile soil from the village Noćaj, and the
overburden from mining basin "Kolubara", were used as the substrates. Fertilization
was applied in 36 pots with the defined treatments. Heavy metals were added into 18
pots, 250ml solution cadmium chloride concentration 228.4 ppm (57.1 mg CdCl2)
and 250 ml of nickel chloride concentration of 518.8 ppm (129.7 mg NiCl2).
Treatment of rhizome with growth stimulator is performed by adding the 90 ppm
acetylsalicylic acid. Measurement of bioproduction Miscanthus was made 27/09/2012
Year. Measurements of Miscanthus included the monitoring of the following
parameters:
1. Height of the crop
2. The total number of leaves - the number of green leaves, the number of dried
leaves, the width of the green part of the leaf and the length of the green part
of the list
3. Tillering
The diameter of the leaves is measured at the fourth leaf of the steam, and the
length of the fourth leaf. Presentation of results represents average of three measures.
3. RESULTS AND DISCUSSION
Table 1 presents morphophysiological characteristics of miscanthus on fertile
soil, ash and overburden with growth stimulator (acetylsalicylic acid) and fertilization
(control group), with heavy metals, and with heavy metals and acetylsalicylic acid. It
has been reported reduction in height of trees by 30% on average, in the presence of
heavy metals in the substrate, the other parameters were not significantly changed.
The presence of heavy metals in the fertile soil did not affect negatively the growth of
miscanthus, some steams have reached a height of one meter which was not the case
in the courts where they are applied only fertilization treatments and stimulation
(control group). Number of leaves is slightly smaller in the pots with cadmium and
nickel. The table shows that miscanthus can be grown on the ash with watering in the
summer months.
Addition of heavy metals there has been a greater yield reduction or extinction
of plants. The presence of heavy metals is the most effect the tree height, which is, on
average, 18% lower than in pots where it is done only fertilizing, watering and grown
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stimulator (control group). While the intensity of tillering is even higher in the pots
with heavy metals. Length of leaves and their number remained unchanged. The data
presented in Table 1 indicate that the cultivation of miscanthus on overburden with
the addition of heavy metals and fertilizer as possible. Observed changes in the height
of the steam, number of leaves and the intensity of tillering in relation to individuals
grown without nickel and cadmium. The height of the stem was reduced 43%, the
average number of leaves decreased by 30%, while the intensity of tillering increased
50%. Cadmium content was seven times higher in the experimental group that was
added 228.4 ppm than in the rest of the dry miscanthus grown on substrates without
the addition of cadmium.
Table 1. Morphological characteristics of the Miscanthus x gigantheus.
Stem
height
(cm)

Leaf
No. on
stem

Length of
green part of
a leaf (cm)

Leaf
width
(cm)

Stem
diameter
(cm)

Green
leaf
No.

Dry
leaf
No.

Tillering
amount

Soil
Control

73.67

10.33

29.00

0.90

0.73

9.00

1.33

4.00

TM

54.00

9.33

20.67

1.06

0.63

8.67

0.67

2

TMS
Ash
Control
TM

80.67

9.67

39.50

1.06

0.80

9.00

0.67

4.33

87.00
76.25

10.33
9.50

32.00
35.00

0.93
0.80

0.76
0.65

8.67
8.50

1.67
1.00

2.00
3.50

82.30

9.00

31.33

0.83

0.70

7.00

2.00

1.67

54
36.5
47,75

10
9.00
6,00

22
41.00
29,25

0,95
0.60
0,53

0,65
0.45
0,40

8,00
8.00
5,5

2,00
2.50
2,30

2,00
4.00
1,00

TMS
Overburden
Control
TM
TMS

Addition of heavy metals there has been a greater yield reduction or extinction
of plants. The presence of heavy metals is the most effect the tree height, which is, on
average, 18% lower than in pots where it is done only fertilizing, watering and grown
stimulator (control group). While the intensity of tillering is even higher in the pots
with heavy metals. Length of leaves and their number remained unchanged. The data
presented in Table 1 indicate that the cultivation of miscanthus on overburden with
the addition of heavy metals and fertilizer as possible. Observed changes in the height
of the steam, number of leaves and the intensity of tillering in relation to individuals
grown without nickel and cadmium. The height of the stem was reduced 43%, the
average number of leaves decreased by 30%, while the intensity of tillering increased
50%. Cadmium content was seven times higher in the experimental group that was
added 228.4 ppm than in the rest of the dry miscanthus grown on substrates without
the addition of cadmium.
Miscantus on the ashy substrate absorbs three times higher amount of Cd than
Miscanthus on the soil and about 200% more than that one on the overburden.
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Stimulator of grown was significantly contributed increasing amounts of Cd in the
soil and overburden. While the maximum amount of Ni adsorbed onto the overburden
without added growth stimulants.

Figure 1. The content of the cadmium in the dry residue

Figure 2. The nickel content in the dry residue

4. CONCLUSIONS
Miskatus on the overburden is the most sensitive to the presence of heavy
metals. The stems are 43% lower, but the power of tillering increased by 50%.
Addition of heavy metals in the fertilized soil causes a reduction of steam height by
30%. Addition of heavy metals on the fertilized soil, with acetylsalicylic acid,
resulting in an increase of steam height by 9%. The amount of absorbed Cd in the ash
with the addition of stimulation was 3 times higher and amount of the Ni is 1.5 times
higher. In the pots with grown stimulator amount of absorbed Cd increase more than
three times on the land and about 2 times on the overburden. The amount of adsorbed
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Ni is increased by the adding of growth stimulator on the soil and ashes while on the
overburden rate of the nickel is decreasing.
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ABSTRACT
Pesticide metsulfuron-methyl (chemical name: methyl 2-(4-methoxy-6-methyl-1,3,5-triazin-2ylcarbamoylsulfamoyl)benzoate) is a post-emergence sulfonylurea herbicide which controls most
annual grass broadleaf weeds in cereals, and it has been used for a long time.
The effect of metsulfuron-methyl on microbiological activity in soil was investigated. Trials
were set up in laboratory on chernozem soil (pH 7.0, organic matter 3.5%, sand 26%, silt 45%, clay
29%) at Surcin, Serbia. Metsulfuron-methyl was added at rates 1, 5, 25 i 50 mg/kg soil. Untreated soil
served as control. Samples were collected for analysis 5, 20, 40 and 60 days after metsulfuron-methyl
application. The effects were assessed on dehydrogenase activity, bacteria abundance and fungi
abundance. Metsulfuron-methyl was found to cause different effects on the soil microbial activity in
soil and its influence depended on the rate of application and duration of activity. Metsulfuron-methyl
applied at 1 and 5 mg/kg soil did not have any effect on microbial parameters. The higher herbicide
doses (25 and 50 mg/kg) induced increasing activity from the 5th to 40th day. These experimental data
indicated that metsulfuron-methylon affected soil microbial activity, but the effects were only detected
at higher doses and they were slight and transitory.
Keywords: metsulfuron-methyl, dehydrogenase activity, bacteria abundance, fungi abundance,

1. INTRODUCTION
Biological processes in soil are important to ecosystem function. Soil microbes
are the driving force behind many soil processes including degradation of
xenobiotics. On the other hand, microbes are very efficient indicators which able to
respond immediately to environmental changes.
Number and biomass microorganisms, functional diversity and enzymatic activities
are useful tools to evaluate the impact of xenobiotics on soil [1, 2].
Modern agriculture depends on wide variety of synthetically produced
chemicals, including pesticides. Pesticides are widely used in crop protection and are
known to induce major environmental problems. With an increased pesticide use,
questions are rising on potential effects regarding public health and environment.
However, when applied to the field, pesticides not only control targeted organisms,
but may also have potential residual impact in soil. Pesticides pollute air, soil, water
resources and contaminate the food chain. In this context, the influence of pesticides
on the microbial activity of soil microorganisms has been studied by some
investigators [3, 4].
Sulfonylureas are class of pesticides characterized by high biochemical activity
at low application rate. Depending on crop type and local legalisation, the application
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rate of these herbicides range from 2 g to 150 g a.i ha-1. Sulfonylureas have high
selectivity and very low acute and chronic animal toxicity. These compounds are
readily degraded in soil and are not environmentally persistent [5-8].
Metsulfuron-methyl (chemical name: methyl 2-(4-methoxy-6-methyl-1,3,5triazin-2-ylcarbamoylsulfamoyl)benzoate) is a post-emergence sulfonylurea herbicide
which controls most annual grass broadleaf weeds in cereals, and it has been used for
a long time [9].
Several papers have been published on the effects of sulfonylurea herbicides on
soil microorganisms, microbial community and activity [3, 4, 10, 11], while less
information is available for metsulfuron-methyl. Ismail et al. [12] reported that
metsulfuron-methyl suppressed soil respiration and microbial biomass at a ten-fold
field rate, although the effects were transient and there were no significant effects at
the field rate.
The purpose of the present study was to examine how the herbicide
metsulfuron-methyl at differecon centrations affects the microflora in soil. The
interactions established between total number of bacteria, fungal population,
dehydrogenase activity were determined.
2. MATERIALS AND METHODS
Metsulfuron-methyl (chemical name: methyl 2-(4-methoxy-6-methyl-1,3,5triazin-2-ylcarbamoylsulfamoyl)benzoate) tested in the experiment was a product of
DuPont Company, Switzerland. Metsulfuron-methyl was applied at rates: 1, 5 25 and
50 mg/kg soil.
The experiment was carried on chernozem soil soil (pH 7.0, organic matter
3.5%, sand 26%, silt 45%, clay 29%) at Surcin, Serbia. The soil chosen for the study
had never been treated with pesticide before. Soils samples were collected from the
upper layer (0-10 cm), carefully dried, sieved to pass 5 mm mesh, and stored at 4oC.
Before using, the soils were air-dried at room temperature for 24h. Each herbicide
concentration was pipetted to the surface of 1 kg of soil before homogenization on a
rotating stirrer for 30 minutes. After homogenization by mixing the soil was
portioned out in pots. Untreated soil served as control. The experiments were
conducted with four replications. The pots were kept in a controlled-environment
chamber at 20 ± 2oC temperature, 50% air humidity and 12/12 h day/night
photoperiod throughout the experiment. Soil humidity was kept at 50% field capacity.
Samples were collected for analysis 5, 20, 40 and 60 days after metsulfuron-methyl
application.
Soil dehydrogenase activity was determined by method reported by Tabatabai
[13]. The soil samples were prepared by incubation with triphenyltetrazolium
chloride (TTC) under moist conditions at 37oC for 24h. Determination of
triphenylformazan (TPF), which is derived from triphenyltetrazolium chloride (TTC)
as a product of enzyme activity was done spectrophotometricaly. Measurements were
done at 485 nm wavelength and enzyme activity given as µg TPF g-1 soil.
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Total culturable microorganisms were counted by a soil dilution plate technique
using tryptic soy agar for bacteria and Czapek agar for fungi. The inoculated agar
plates (three replicates) were incubated at 28oC for 3 days for bacteria and 5 days for
fungi, before the colonies were counted.
Statistical evaluation: the obtained data were analyzed using ANOVA and the
means were separated by Duncan’s multiple range test. In all analyses, the level of
significance was at least P< 0.05.
3. RESULTS AND DISCUSSION
The effects of metsulfuron-methyl on soil microbiological and biochemical
variables tested are shown in Tables 1-3. Metsulfuron-methyl was found to cause
different effects on activity in soil and its influence depended on the rate of
application and duration of activity.
Table 1. Dehydrogenase activity (µg TPF g-1 soil) in soils in
the presence of metsulfuron-methyl

Metsulfuronmethyl
(mg a.i.kg-1)
control
1
5
25
50

5
55.2a
58.6a
50.1a
60.4b
62.2b

Days after application
20
40
51.5a
59.8a
54.5a
87.1b
101.3c

57.4a
55.4a
53.0a
72.7b
81.9b

60
52.5a
57.6a
56.7a
62.1a
75.6b

a-means of variants were separated by Dankan's multiple range test (P<0.05)

Dehydrogenases exist as an integral part of intact cells and represent the
oxidative activities of soil microbes and testing of soil dehydrogenase is necessary to
evaluate the side-effects of pesticides on soil microorganisms [14-16]. Metsulfuronmethyl applied at 1 and 5 mg/kg soil did not have any effect on dehydrogenase
activity. Dehydrogenase activity was found to be stimulated by 25 and 50 mg
metsulfuron-methyl treatment in soil. The maximum increase value was 101.3 µg
TPF g-1 soil (50.0 mg metsulfuron-methyl, 20 days after application) (Table 1). The
experimental data are consistent with results reported by other authors on the effect of
different pesticides on this enzyme. Dinelli et al. [17] and Accinelli et al. [15]
reported that sulfonylurea herbicides at a dose up to 20 mgkg-1 stimilated
dehydrogenase acitivity. The results Radivojević et al. [18] showed a changes activity
of dehydrogenase under all nicosulfuron concentrations (0.3, 1.5 and 3.0 mg a.i. kg-1).
from day the 1st to the 30th day after nicosulfuron application.
Under the various experimental conditions changes in number of total bacteria
content varies throughout the experiment and were depended on rates of application
and exposure time (Table 2). In our conditions no significant effects were observed
for concentrations 1 and 5 mg metsulfuron-methyl. The maximum increase was found
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at the highest application rate 25 and 50 mg metsulfuron-methyl. The maximum
increase value was 121.4x106 (50 mg metsulfuron-methyl, 20 days after application).
However, these effects were transitory, because all the variables tested showed a
tendency to the controls values. There have been other reports also on the activity of
different pesticides in relation to number of total bacteria. Perucci and Sacrponi [11],
for example, found that the effect of rimsulfuron and imazethapyr depended on soil
moisture. Under reduced moisture, the activity of rimsulfuron lasted 36 hours, but as
long as 72 hours under high moisture. Similar findings were reported also by Wardle
and Parkinson [19], as well as Rath et al. [20], in their experiments investigating 2,4D and glyphosate. Startton and Stewart [21] recorded effects of glyphosate on soil
bacteria and respiration in Canadian coniferous forests. Finally, Radivojević et al.
[22] observed transitory effects of atrazine on soil bacteria.
Table 2. Number of total bacteria (106) in soils in the presence
of metsulfuron-methyl

Metsulfuronmethyl
(mg a.i.kg-1)
control
1
5
25
50

5
84.2a
75.5a
80.1a
104.7b
71.3a

Days after application
20
40
95.3a
88.2a
86.7a
115.8b
121.4b

87.1a
90.4a
88.0a
126.2
120.6

60
80.6a
85.1a
79.3a
93.4a
88.5a

a-means of variants were separated by Dankan's multiple range test (P<0.05)

Soil fungus is important organisms among the soil microbial group. Fungi su
known to be extremely adaptable in different environments due to their ability to
breakdown many complex substrates including herbicides [1, 2]. The fungal
populations were significantly increased in the presence 25 and 50 mg of
metsulfuron-methyl and the degree of the change increased as the concentration of the
herbicide increased (Table 3). Similar results had been reported by Ahtiainen et al.
[23] and Zabalou et al. [24]. Ratcliff et al. [25] recorded minor changes in bacterial
community after application 100x field rate of glyphosate. However, the effects
obtained in our studies may be influenced by the degree of soil disruption and also by
the species of the fungi present in the soil. Several studies [11, 21, 25, 26] on soil
microflora have shown that soil characteristics may modify the effect of pesticides on
microbial numbers and their biological activity.
The lack of interference with soil biological processes would suggest that
sulfonylurea herbicides has little or no harmful effect on soil microbial when it is
applied at lower rate in soil. In agreement with the reports of Perucci and Scarponi
[11], this finding can be attributed to the low toxicity of sulfonylurea herbicides on
soil microbes or to soil processes, such as the adsorption of small amounts of
herbicide on clay or soil organic matter, which limit the agrochemicals effects on the
soil microbial biomass. This phenomenon is of primary importance especially when
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small amounts of a herbicide are employed in soil weed control [27]. In addition, the
low persistence time makes it difficult to determine any indirect effects on soil
microflora mainly for herbicides, such as herbicide s, applied at very low field rates
[14, 15, 26].
Table 3. Number of fungi (104) in soils in the presence
of metsulfuron-methyl

Metsulfuronmethyl
(mg a.i.kg-1)
control
1
5
25
50

5
33.4a
38.1a
30.2a
45.3a
43.8a

Days after application
20
40
31.8a
29.4a
27.5a
55.7b
68.2b

34.7a
40.5a
38.9a
66.3b
60.4b

60
40.2a
45.3a
49.6a
61.1b
47.4a

a-means of variants were separated by Dankan's multiple range test (P<0.05)

4. CONCLUSIONS
Under laboratory conditions soil biological activities were affected by the tested
metsulfuron-methyl when it is applied at different rates.
The response to the pesticide treatment of the microbiological parameters tested
evidence that metsulfuron-methyl has no adverse effect on soil microorganisms.
Changes of those parameters were observed particularly at the higher dosage but they
were slight and transitory. Our study stresses the role herbicide dose and exposure
time in determining the influence of changes on soil microorganisms.
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ABSTRACT
The gravel pit Strnišče in the municipality of Kidričevo was degraded area before the
implementation of the project Leader. With the Leader project funds, the municipality Kidričevo
prepared the plan of sustainable innovative remediation of the gravel pit by establishing classrooms in
the nature in the gravel pit as well they activated intergenerational center. Huge amount of waste was
transported and work included the entire local community Strnišče, municipality Kidričevo and
interested individuals. With the removal of waste was created space in secondary puddles, degraded
edges of the gravel pit and in the heart of the gravel pit for restoring ecosystems.
By using ecoremediation (eco-sanitation) combining ecosystem services and permaculture
sustainable approaches to care for plants, soil and water are introduced. The classroom in the nature
with educational boards showing forest, shrub and aquatic ecosystems was formed. These systems are
arranged as research points for experiential learning in nature (learning by doing, real learning).
Social benefit of the project is reflected in the acquisition of a new learning, recreational and hiking
destination, which is the classroom in nature for all ages (from young children to retired people).
Nature's Classroom is equipped with many educational and directional boards, which allow
self-learning, so this place is a hatchery of new ideas. These benefits for people are highly valued and
have an European scale, an important contribution of the implementation of EU legislative
requirements. The remarkable contribution of ecoremediation and permaculture is reflected in the
support of ecosystem services which directly benefit the preservation of balance, thereby improving
biodiversity and habitate diversity. With biodiversity of the cultural landscape of the gravel pit was
given a new value to the gravel pit, since enables inter-generational exchange of experience,
knowledge and movement in nature, which significantly effects on the health and psychological wellbeing of people. The project Classroom in the nature has acquired the entire municipality and its
neighbouring regions as well as Slovenia and international area.
Keywords: ecoremediation, gravel pit, Kidričevo, ecosystem, local sustainable development

1. INTRODUCTION
Municipality Kidričevo three years ago approached to the ecosystem
strengthening, which is the basis for development of the other activities in the area.
Municipality Kidričevo has already established classroom in nature to reach certain
knowledge, experiences, and approaches for implementation of sustainable
development [5]. Emphasis is on the obligatory contents of primary and secondary
schools as well as on explorational contents for students and long-life learning.
Topics are water, soils, energy, ecoremediation, natural ecosystems, plants and
animals, adapted to various age groups and aims. Central emphasis is made on work
of intergenerational centre, which brings economic benefits [9,11].
Area of gravel pit in Strnišče was placed between degraded areas, which
appeared to have various negative consequences for the surrounding area. There is no
general definition was actually is degraded area. Very often are these areas that are in
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majority or partially abandoned and because of interaction of various factors present
negative influence to the environment and society as well they degrade aesthetic view
of the certain area [1,6]. Nevertheless they have enormous meaning for sustainable
spatial development provision. Restoration follows environmental, social and
economic changes, therefore as Eylon claims [2], restoration of the area affects
economic start of degraded areas, because they are no longer dirty, there is new
attractive living or working environment established, visual appearance is better
which as well brings someone’s bigger affiliation to the certain area. Restoration
itself as well enables the change of structural use of area, which should be in
accordance with the needs of local environment.
With the gravel pit restoration, which are normally places of illegal landfills, is
very important to protect the ecosystems and to enlarge their ecosystematic services
and natural functions, which will be able to keep the natural balance inside the
system. Big role in this process are played by green infrastructures, which can be as
well called ecoremediations. Green infrastructure is the concept of natural systems,
which emphasises the meaning of nature by planning of the land use. This is how we
revive the function of nature systems and create long-term temperance. Systems of
green infrastructure enable us clean water, healthy floor, shadow, shelter, recreation;
therefore man needed ecosystematic services for qualitative life [3]. This is also very
important because of the natural sensibility of the area of gravel pit Strnišče. The area
of Slovenian and Austrian Štajerska is Drava metal from the period of last ice age.
Thick layers of gravel and sand were exploited for building material by people long
ago. Municipality Kidričevo has big reserves of the drinking underground water,
which is one of the biggest sources in Slovenia. Farm areas and forests, industry and
crafts are basic services in the municipality. Centre of the municipality is Kidričevo,
which is surrounded by forests that offer nice walking areas. There are also many
gravel pits in the municipality; many of them are huge environmental problem in the
municipality. Nevertheless that municipality invests a lot into the informing and rise
of awareness for the waste management, illegal landfills are still appearing.
Society is as well very important for the economic endurance. Sustainable
society is fair and equal. Social fairness is condition for establishment and
preservation of dynamic balance in natural capital of environment. It can be reached
with the provision of equal rights to all, for the economic development of region and
country, with rights to quality life, with free people, with established social
democracy and public cooperation. This is how is sustainable society prepared to
function inside the carrying capabilities of natural capital; this is why the
ecosystematic stability and endurance is kept. Fair distribution of social power helps
with the quality of life as well as it helps with the minimization of the influences on
environment [8].
In the restoration of the gravel pit Strnišče two things were taken into the
consideration: increase of ecosystematic functions and services for the preservation of
internal balance with the consideration of the society fairness. This is why area was in
last two years with the restoration redirected into the development of classroom in
nature and in year 2013 upgraded with intergenerational centre. As the learning area
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for the development of traditional knowledge, development of innovation and
development of study programmes and teaching materials with the associated
equipment the Strnišče gravel pit area will be connecting point for associations, local
organizations and local society with the inclusion of neighbouring municipalities,
pedagogic and explorational institutions on Slovenian and international level.

Figure 1. Area of gravel pit in Strnišče was with the reconstruction in the last two years
redirected into the classroom in nature and in year 2013 upgraded with intergenerational
centre.

As learning area for development of the traditional knowledge, development
of innovation as well as development of learning programs and teaching materials
with the appropriate equipment the area of gravel pit Strnišče will become connecting
point for the societies, local organizations and local community with inclusion of
neighbouring municipalities, pedagogic and research institutions on Slovenian and
international level.
For the project needs the idea of revitalisation of gravel pit Kidričevo the plan
was prepared. It enabled establishment of ecoremediation objects in gravel pit [13]. In
the following pages we describe all objects. They are all connected into the
intergenerational centre.
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2. ECOREMEDIATION OF THE GRAVEL PIT STRNIŠČE
2.1. Ecoremediation of waters, ditches and channels
Classic melioration ditches are bare channels into which waters from
agricultural land flow into. Normally are polluted with pesticides and fertilizers.
Melioration ditches for the agricultural land drying are wide spread throughout all
Europe as well in Slovenia, mostly in Prekmurje. Their purpose is to dry out the
agricultural land, where ground water is very high. Ditches like these have no
capabilities to detain and to clean water, as well have very low biotic diversity.
Pesticides and remains of the fertilizers can directly flow into the rivers and
groundwater and cause serious environmental problems and affect human and animal
health. ERM reconstructed ditches have multi-purpose use.
With sustainable reconstruction – planting of the melioration ditches (ERM
melioration ditches) we can eliminate or at least mitigate all these problems. We
divide ditch on four parts, where each part has its own specific function:
• First part is formed to keep as many water as possible.
• Into the second part we build substrate, barriers and plant various plants,
which enable the cleaning of agricultural pollution.
• Third part is meant for the increase of biodiversity that is why are here planted
various water and swamp plants, which present living space for various
animals.
• Fourth part joins all three functions of previous parts and enables balance
between them. Plants accelerate physical-chemical and biological processes
which degrade ammonium, nitrates, nitrites, nitrogen, phosphorous and heavy
metals, which are soaked from the water by plants’ roots. Moreover plants
under the surface bring oxygen, which from air through leaves gets into the
soil. In the area around roots a special part, rich with oxygen is formed, where
anaerobic microorganism are located, they are degrading organic substances.
In the area between roots, where is no oxygen, anaerobic microorganisms are
developing; they contribute to the cleaning of the water.
2.2 Vegetation borders
Vegetation border is the belt of bush or trees (or wood vegetation). They are set
in the majorly open cultural landscape wide up to 10 metres. Mostly are seen along
the borders of farming fields as well as along roads, dirt tracks, melioration channels,
etc. They can be remains of forest vegetation, which stayed after the shrinking of
wood for achieving of the working areas or were planted by people later. Vegetation
borders mitigate weather inconveniences: work as wind shield, reduce water erosion
on fields and mitigate influences of the drought by retaining the water. Wood spieces
in borders help by retaining water in the surrounding area. We also know that they
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have important biodiversity, mitigating (puffer) and aesthetic value. Borders are
biodiversity very various and important living and protecting space for animals and
plants. Inside, the shelter is found by various birds, butterflies, insects, bats,
dormouse, etc. Borders present appropriate shelter as well for grassland birds like
corncrake, especially in the spring when grass vegetation is not tall enough.
2.3 ERM of waters
Findings about harmful interventions of human into the nature and into the
waterflows, demand new ways of water management which are sustainable diverted.
Many waterflows and by-water areas were changed because of the farming.
Waterflows on the farming areas were straightened, area around was dried out and in
majority cases were also all riparian vegetation removed. Mentioned interventions
interrupted connection between water and land ecosystems, changed hydrology and
geomorphology of waterflows and decreased vegetation and animal variety. Changes
are seen in the higher level of environment degradation –loss of self-cleaning
capabilities of water ecosystem and lack of water in summer months (drainage). All
these influences human as well, since the quantity of qualitative drinking water has
decreased, because of droughts and lack of water production of farming products or
food is also truncated. In the area of Podravska region there are many regulated
waterflows, their regulations were made in the part of melioration works for the needs
of increasing of farm areas. Because of very polluted basics in environment ( Poročilo
ostanju okolja, 2002) in Podravska region and mostly because of very polluted
underground water.
2.4 Retaining the water
On many waterflows in Slovenia we see how the deprivation of water for
drinking water, irrigation, fish farms, industry and energy. Too big deprivations of
water especially in dry months do not provide ecologically acceptable waterflows in
rivers. In the waterflows come to the changes in structure and function of river
ecosystem, natural balance is ruined. Many times this leads into the environmental
problems which are in final phase seen as dead fish. For mitigation of these problems
of low waters, is necessary in times of high waters to retain certain amount of water.
For the water retention we use ox-bow ditches and useless by-water fields. On the
area of water retention a new biotope is created, new species are settled there,
biodiversity is increased as well as is increased variety of water and riparian
ecosystem.
2.5 Ecoremediation for the wetland preservation
Ponds and puddles are man-made sweet water wetlands, which are important
living spaces for animals and plants. They retain water, clean water, increase
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biological diversity and are important as cultural heritage. All this standing waters in
certain area are connected into the net.
Next to the drinking waters for stock was water from puddles also useful for
other purposes:
• Irrigation for fields,
• Water for fires,
• Laundry washing
• As a source of drinking water,
• Especially useful were for children who used them as swimming pool and
played with water and mud.
• In puddles, ponds we can find swimming, rooted plants, which reach above
the water surface and submerged higher plants.
2.6 Constructed wetland for cleaning water
Constructed wetland (RČN) by cleaning of the polluted waters uses selfcleaning capability of nature. These wetlands work without electricity and electronic
equipment; this is why we can save a lot by building one such wetland. System is
made out of multiple consecutive waterproof pools, isolated with plastic, filled with
mixture of gravel substrates and planted with swamp plants. Water gravitationally
flows through the system 10 cm under the surface and therefore there are no odours
and insects. By the cooperation of microorganisms, swamp plants and active in
advance planned role of physical and chemical processes water cleans itself up to the
demanded standards.
2.7 Ecoremediation for cleaning of the soils
Phytoremediation exploits natural capability of plants for takeover, keeping,
degradation and evapotranspiration of substances from ground and water.
Development of modern phyto-technologies therefore enabled handling with
numerous polluters like metals, mineral substances (salt), radionuclides, organic
polluters (oil hydrocarbons, chlorine compounds, pesticides, explosives). Many
examples of use of the phyto-technologies in practice show a possibility of successful
decrease or limitation of environment pollution.
Plants polluters either connect into their own biomass, either degrade them
(itself or with help of the microorganisms) or just keep them in the sphere of roots
and prevent their further contamination. Plants are planted on the contaminated area
and when these grow enough we normally sew/cut them. Created biomass can be
under specific circumstances used for energetic purposes, as well it is possible to
compost them and recycle metals. According to the quantity of pollution we repeat
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procedure with plants many times. When the soil is cleaned it can be used into the
desired purposes.
2.8 Vegetation barriers
Vegetation barrier is a belt of tree and bush vegetation on the border between
farm land (vegetation border), by rivers, streams and lakes (soothing area), by roads
and industrial objects (anti-dust and anti-noise barriers), by the sources of drinking
water, etc., but is always planted by human. Vegetation belts enable better quality of
water, protect air and ground and increase biological variety, since they improve
conditions for settlement and growing food. One of the important searching
characteristic is the capability of cleaning polluted water and soils. Vegetation belts
are indeed capable to hold big quantities of food – nitrogen and phosphor, as well as
other substances like heavy metals. With them we can protect ground waters and
drinking water before the dispersed sources of pollution like farming. Appropriate are
also for the prevention of pollution from spot pollution like individual households and
(depend from surface) variously big settlement, multiple releases of water from
industry and craftsman, landfills, etc. Next to these are vegetation belts as well good
sources of biomass. Cut down wood biomass can be used as sustainable source of
fuel.

Figure 2. Education in gravel pit in Kidričevo

2.9 Social ecoremediation
By the ecoremediation was established the classroom in nature in the gravel pit.
Classroom in nature is equipped with many teaching and routing panel boards, which
enables independent learning (Green, 2001; Tal, Morag, 2009), this is why is this
place hatchery of new ideas. Written benefits are highly appreciated by people and
are in European criteria important contribution to the realisation of EU legislations.
158

Remarkable contribution in the ecoremediation and permaculture is shown in the
support of ecosystematic services, which is directly useful for keeping the balance
and improving of biotic and habitat diversity. With biotic diversity has cultural
landscape of the gravel pit received new value, which enables intergenerational
experience exchange, knowledge and moving in nature and importantly affects health
and psychological feeling of people. Mostly use of permaculture connects and joins
people (Praterious, 2006 Raman, 2006).

Figure 3. Company Tallum from Kidričevo build some systems in the gravel pit

3. CONCLUSION
Area of gravel pit in Strnišče has been during last two years converted into the
development of the classroom in nature and in year 2013 upgraded with
intergenerational centre. As learning area for development of traditional knowledge,
innovations, new teaching programs and learning materials with the appropriate
equipment will gravel pit Strnišče become connecting point for the societies, local
organizations and local community with the inclusion of neighbouring municipalities,
pedagogic and research institutions on Slovenian and international level.
Traditional knowledge, values and experiences will be transferred in innovative
equipped gravel pit, where we can learn about how waters work, how the soils are
made, admire swamp vegetation and animals, geological history and consequences of
human activities. This is an excellent learning environment for beekeepers, hunters,
fishermen and other societies who were given space for their activities in this
classroom in nature with aim to pass their experiences to young. This is how
municipality Kidričevo created people attractive new environment with
intergenerational centre for recreation and relaxation.
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ABSTRACT
Is increasingly emphasized the importance of microorganisms in the rhizosphere of plants
used for phytoremediation. Landfill tailings and ash are poor nitrogen compounds accessible for plants
and phytoremediation requires huge amounts of nitrogen fertilizer. Because the emphasis in this paper
on two genera of bacteria Beijerinckia and Derxia belonging to the group of free nitrogen in the
rhizosphere of plants, at the same time facilitate the supply of essential macroelements and have other
positive effects on plant growth. Derxia gumosa was found in samples of tailings, soil and ash. Derxia
gumosa pillars and associative relationships with roots of grasses and legumes. Potentially can be
inoculated with seed sowing and serve as an excellent biofertilizator. The tailings, ash and soil were
isolated three types: Beijerinckia fluminensis, B. mobile and B. indica. Examination Beijerinckia in the
rhizosphere of plants revealed that B. fluminensis lives on the roots of grass Bromustectorum,
Calamagrostis epigejos, Sorghum halepense, Festuca rubra and Triticum aestivum, legume
Medicagosativa and healing Althea officinalis. Their activity is undoubtedly increases the
concentration of nitrogen compounds affordable plants and improving process phytoremediation of
damaged land.
Keywords: phytoremediation, tailings, ash, free nitrogen-fixing bacteria

1. INTRODUCTION
Phytoremediation or plant based technology for the removal of toxic
contaminants from soil and water is novelty and perspective looking on the
environmental damages [8]. The main features of this green technology is that it is
cost effective and environmentally sound unlike the chemical remediation
technologies. The term, phytoremediation is derived from Greek word, phyto,
meaning "plant" and the Latin word, remediare, meaning "to remediate". This solardriven technology can be employed in several ways to decontaminate polluted sites
and it develops in several forms: phytoextraction, phytodegradation, rhizofiltration,
phytostabilization and phytovolatilization. But two decades after promoting
phytoremediation expanded its field of action and replaced by methods such as the
reclamation of damaged lands caused mining activity or by burning fossil fuels.
Exploitation of coal, tailings disposal and disposal of fly ash generated from
thermo power plants resulting deposits that by using parameters all fall into the land
of poor quality or in the germ substrates. The need for reclamation after completion
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of the application and exploitation of new technological and biological solutions.
Current knowledge of the accompanying negative effects of the chemicals (fertilizer
and pesticide) in agriculture and forestry increased interest in better understanding the
activity of microbial populations in the rhizosphere and how they can be used in
phytoremediation [3], [7], [1]. In the age of the needs of sustainable revitalization of
ecosystem disrupted coal mining out the interaction of plants and micro-organisms
are of increasing importance in the transformation and mobilization of nutrients from
the restricted fund in the soil, and in the adoption of these nutrients to the plants
realized their full genetic potential, a damaged area as soon brought her original
function and purpose. Using a mixture of microbial origin as a supplement or
replacement of fertilizers and pesticides is becoming increasingly popular in plant
production. Bacteria that live freely in the soil, a positive effect on plant growth is
usually characterized by a bacteria that stimulate plant growth, and are able to do so
by colonizing the roots of plants. Research these bacteria were significantly expanded
since the introduction of the term PGPR (Plant Growth Promoting Rhizobacteria) and
indicate their importance [6]. PGPR are also called rhizobacteria that promote plant
health (PHPR, Plant Health Promoting Rhizobacteria) or bacteria that stimulate
nodulation (NPR, Nodule Promoting Rhizobacteria). In this sense, the use of PGPR
found a potential role in developing sustainable systems of crop production [11],[10].
Different PGPR is now used throughout the world to increase crop production[4].
They are found in the rhizosphere, which is very important land area for interacting
plants and microorganisms [4].
Landfill tailings and ash are poor nitrogen compounds accessible for plants, and
phytoremediation and revitalization requires huge amounts of nitrogen fertilizer.
Because the emphasis in this paper on two genera of bacteria Beijerinckia and Derxia
belonging to the group of free nitrogen in the rhizosphere of plants, at the same time
facilitate the supply of essential macroelements and have other positive effects on
plant growth and belong to a group of PGPR.
2. MATERIALS AND METHODS
2.1 Research Location
The Kostolac coal basin is located on the right Danube bank, northeast Serbia.
The Kostolac coal basin in narrow sense includes the area of about 100 km2 with
Kostolac town as its center (44°43“ NL and 21°14“ EL). The climate in Kostolac area
is predominantly semi-humid continental Danubian climate with the following
features: mean annual temperature between
10.2–11.1°C and mean annual
precipitation bend tween 650 and 700 mm. The summer season is arid and semi-arid
over 3-4 months. Dominant wind blows from the southeast direction. In Kostolac coal
basin coal is mined lignite, the largest excavation Drmno, and the annual production
is 12⋅106 t. In Kostolac basin, there are installed capacities for electricity production
of 1000 MW in two thermal power plants with four blocks (A1, A2, B1 and B2), with
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the production of nearly 6⋅109 KW a year and coal consumption of 9⋅106 tons. The
Kostolac TPPs produce and dump hydraulically about 2⋅106 tons of electrofilter ash
and slag. The ash from the Kostolac plants A1 and A2 is hydraulically transported to
the dump in the compound of ash : water = 1:10. The ash is currently dumped over an
area of 250 hectares. Ash layer thickness is 2–30 meters. Ash dump rising above the
level of the Danube and surrounding terrain intensifies the processes of eolian and
hydro erosion, and the process of ash scattering. Since 2010. he built a new system of
collection, preparation, transportation and disposal of ash and slag from power plants
Kostolac B1 and B2 on the site Ćirikovac [5].
Phytoremediation assisted bacterial genera Beijerinckia and Derxia were
studied at 15 sites in Kostolac coal basin. 5 locations in landfill waste from the mine
Drmno (LW1-5), 2 locations on chernozem near the village Drmno (ChS1-2) and 8
locations ash dumps around the edges (Central Kostolac island) (CA1-8).. Tags
location, features of the substrate and dominant floristic element in them is described
in table 1.
Table 1. Places of research in landfills coal mine Drmno, deposits of coal ash and near soil
with describing the type of substrate, recultivation and dominant floristic element in them
Mark
LW1

ChS1

Description of substrate
Tailings on the external landfill.,
6 years, technical preparation, sandy-clay fraction
Tailings on the external landfill.,
6 years, technical preparation, sandy-clay fraction
Tailings on the external landfill.,
6 years, technical preparation, sandy-clay fraction
The second phase recultivation, the use of humates,
6 year old, sand-clay
The second phase recultivation, the use of humates,
6 year old, sand-clay
Chernozem soil, the maize crop

ChS2

Chernozem soil, the wheat crop

Triticum aestivum

CA1

Coal ash dumps, the second phase
recultivation, aged 5 years
Coal ash dumps, the second phase
recultivation, aged 5 years
Coal ash dumps, the second phase
recultivation, aged 5 years
Coal ash dumps, the second phase
recultivation, aged 5 years
Coal ash dumps, the second phase
recultivation, aged 5 years
Coal ash dumps, the second phase
recultivation, aged 5 years
Slopes of the ramparts around the coal ash dump
Slopes of the ramparts around the coal ash dump

Sorghum halepense

LW2
LW3
LW4
LW5

CA2
CA3
CA4
CA5
CA6
CA7
CA8
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Plant
Bromus tectorum
Calamagrosis epigejos
Sorghum halepense
Lotus corniculatus
Medicago sativa
Zea mays

Calamagrostis epigejos
Bromus tectorum
Festuca rubra
Medicago sativa
Lotus corniculatus
Althea officinalis
Hypericum perforatum

2.2 Analysis free nitrogen fixing bacteria
At all sites, samples were taken tailings, ash and soil in the surface layer and
packed in sterile polyethylene bags. For identification and determination of the
number of bacteria, a method of agar plates. The abundance and taxonomy of bacteria
Beijerinckia sp. was determined from the 0.5 mL of a suspension of the land at a
dilution 10-3 of the substrate Becking [2]and by incubation of 14-21 days at a
temperature of 280C. Identification and the number of bacteria Derxia sp. is
determined on the substrate at a dilution 10-3 Jansen and incubated for 5-7 days at a
temperature of 280C[9]. Bacteria were determined in the rhizosphere of the following
species: Bromustectorum, Calamagrostis epigejos, Sorghum halepense, Zea mays,
Triticum aestivum and Festucarubra (wild and cultivated grasses), Medicago sativa
and Lotus corniculatus (legumes) and Althea officinalis and Hypericum perforatum
(wild herbs). Plant samples were extracted from the soil to the roots. Shaking was
removed topsoil from rizoplana and roots with a layer of soil in the rhizosphere
(thickness 1-3 mm) packets sent to the labarotory. Roots is shaking in sterile saline
solution and soil sample collected from the rhizosphere. From the land of suspension
on the presence and identification of bacteria Beijerinckiaand Derxia performed by
the above described method.
3. RESULTS AND DISCUSSION
Derxia gumosa was found in samples of tailings, soil and ash. It belongs to the
free fixation of molecular nitrogen from the family Azotobacteriaceae. These are rodshaped bacteria that grow slowly with slimy capsules that at certain stages of
development form flagella. Colonies of them can be pellicular or slimy, pale or
yellow, stretched, and with aging get yellow-brown color. Use of the compound as
well as various forms of carbon source (mono-, dipolisaharide, alcohols and organic
acids). In the middle of the fixing of nitrogen without the molecular nitrogen in an
amount of 12 mg of N2 per 1 kg of the used sugar. Grow in the oxygen atmosphere
and a wide range of pH 4.5 to 9. So far they have studied in the soils of the tropical
and subtropical regions. Her appearance in the tailings and ash caused by the poverty
of nitrogen compounds and the possibility of eating complex polysaccharides as the
remnants of coal. Derxia gumosa pillars and associative relationships rooted grasses:
Bromus tectorum, Calamagrostis epigejos and Triticum aestivum and legumes
Lotuscorniculatus and Medicago sativa. Potentially can be isolated, cultivated for the
production of sophisticated preparation and used as biofertilizator in the process of
phytoremediation tailings and ash in the cultivation of grasses and legumes.
Bacteria of the genus Beijerinckia sp. were originally isolated from tropical and
subtropical soils which are acidic, and then additional studies have shown that growth
in alkaline and neutral soils of temperate continental climate. Common to all the
types of the growth on nitrogen-free media, are capable of nitrogen fixation and cell
they are elongated cylindrical extension with a bipolar POB filled with granules.
Form cysts in adverse conditions. The tailings, ash and soil were isolated three types:
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Beijerinckia fluminensis, B. mobile and B. indica. B. indica is rod shape or distorted
bipolar stick with lipodnim body 1.6-3.0 μm in length and 0.5-1.2 μm wide. On
alkaline substrates colonies are very stretched and aging become red, cinnamon or
lipstick color. It grows at pH range of 3-10, at a temperature 10-370C. B. mobile are
rod-shaped, or distorted cells measuring 1.6-3.0 μm in length and 0.6-1.0 μm wide.
These bacteria are salient colonies in acidic conditions assume conditions get aberbrown color. Growth on substrates at pH 3-10, but the maximum capacity of nitrogen
fixation achieved at pH 4 growth at temperatures 25-350C, but not at 370C. B.
fluminensis a rod-shaped, or distorted cells measuring 3.0-3.5 μm per length and 1.01.5 μm in width. Forming groups of 2-10 cells surrounded by a capsule. Formed less
prominent colonies of irregular shape characteristic white color. Growth on substrates
at pH 3-10. Rising temperatures 10-350C, but not at 370C (Figure 1, C). The
rhizosphere Calamagrostis epigejos and Medicago sativa found another kind
Beijerinckia derxia.
A

B

C

D

Figure 1. Landfill waste on the external landfill Drmno (LW2), technical preparation, age 6
years, spontaneous growth ofCalamagrostis epigejos (A), rhysosphere C. epigejos (B),
colony types Beijerinckia fluminesnis, B. mobile and B. indica taken from tailings (C) and
colony Beijerinckiafluminesnis and B. derxia from the rhizosphere (D)

This bacterium is rod-shaped cells measuring 1.3-2.1 μm in length and 1.8-2.9 μm in
width. Sometimes the cells characteristic of gigantism. Colonies of youth culture are
semi-transparent or white, and age receive yellow-green pigment. Generally growth at
pH 6.5-7.5.Examination Beijerinckia in the rhizosphere of plants revealed that B.
fluminensis lives on the roots of grass Bromus tectorum, Calamagrostis epigejos,
Sorghum halepense, Festuca rubra and Triticum aestivum, legume Medicago sativa
and healing Althea officinalis. B. derxia shows weaker associativity in the rhizosphere
Calamagrostis epigejos, Medicago sativa and Althea officinalis. B. mobile is
associated only with Bromus tectorum, Calamagrostis epigejos and Althea officinalis.
Taking into account the abilities of bacteria Beijerinckia sp. their inoculation to
further phytoremediation process significantly improved the growth of grasses and
keguminoza.
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4. CONCLUSION

Exploitation of coal, tailings disposal and disposal of fly ash generated from
thermo power plants resulting deposits that by using parameters all fall into the land
of poor quality or in the germ substrates. The need for reclamation after completion
of the application and exploitation of new technological and biological solutions.
Two decades after promoting phytoremediation expanded its field of action and
replaced by methods such as the reclamation of damaged lands caused mining
activity or by burning fossil fuels. In the age of the needs of sustainable revitalization
of ecosystem disrupted coal mining out the interaction of plants and micro-organisms
are of increasing importance in the transformation and mobilization of nutrients from
the restricted fund in the soil, and in the adoption of these nutrients to the plants
realized their full genetic potential, a damaged area as soon brought her original
function and purpose. Using a mixture of microbial origin as a supplement or
replacement of fertilizers and pesticides is becoming increasingly popular in plant
production.Because the emphasis in this paper on two genera of bacteria Beijerinckia
and Derxia belonging to the group of free nitrogen in the rhizosphere of plants, at the
same time facilitate the supply of essential macroelements and have other positive
effects on plant growth. Derxia gumosa was found in samples of tailings, soil and
ash. Derxia gumosa pillars and associative relationships rooted grasses and legumes.
Potentially can be inoculated with seed sowing and serve as an excellent
biofertilizator. The tailings, ash and soil were isolated three types: Beijerinckia
fluminensis, B. mobile and B. indica. Examination Beijerinckia in the rhizosphere of
plants revealed that B. fluminensis lives on the roots of grasses, legumes and healing
Althea officinalis. Their activity is undoubtedly increases the concentration of
nitrogen compounds affordable plants and improves the process of phytoremadiation
damaged land.
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ABSTRACT
The aim of the study is to investigate the physical and chemical properties of dystric cambisol
in the area of Glamočani, municipality of Laktaši with the proposed measures for restoration of this
area in order to intensify agricultural production. Investigation covered: mechanical composition of
soil, macrostructural aggregate stability, the content of colloidal clay, microstructural aggregate
stability, active acidity and substitution acidity, humus content, content of easilly available phosphorus
and potassium, adsorption complex properties of non-carbonated land. Explored soil is from hilly areas
where agricultural land is poorly handled. In this area was carried out an expert analysis where it was
found that after professional application of complex of agro-ecological and hydromeliorative measures,
with the mandatory protection from soil erosion in the area of Glamočani, it is possible to achieve
stable yields. Such research can be applied to other areas with similar characteristics.
Keywords: dystric cambisol, the proposed measures, intensive production

1. INTRODUCTION
By its composition, soil is a very complex three-phase system (sometimes twophase) and polydisperse system. Its solid phase, which includes almost 40-60% of the
total soil volume, is made of minerals and organic particles of different dimensions
and chemical content. Liquid phase or soil solution, is comprised of water with
dissolved gases and components of solid phase, mostly primary salts, and the gas
phase is comprised of earth atmosphere.
Distric cambisol (brown acidic soil) is the soil of hilly and mountainous
regions, where it predominantly occupies the northern slopes, and one of these is the
investigated site Glamočani, municipality of Laktasi. Natural vegetation of the area
consists of a variety of deciduous, coniferous and mixed forests. In the forest soil
fund in BiH, these soils occupy about 30% of the area with a strong frequency of
occurrence between 400-800 m above sea level. With deforestation are created areas
that are most commonly used as meadows and pastures, and rarely for growing field
crops and vegetables.
The aim of the study is to investigate the physical and chemical properties of distric
cambisol in the area of Glamočani, municipality of Laktasi and proposed measures
for restoration of this land in order to intensify agricultural production.
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2. MATERIAL AND METHODS OF WORK
The paper analyzed the morphological, physical and chemical properties of
distric cambiso in the area of Glamočani, municipality of Laktasi.
Characteristics of the area and the properties of the soil can be observed during
the field visit, interviews with residents, opening of the pedologic profile and the
study of existing pedologic map.
In this paper were applied the methods of field study, than compilation, with the
analysis of previous soil research in the area of Glamocani.
In order to get familiar with elements of the climate, data from the
meteorological station of Banja Luka for the period between 1998 and 2002 were
used.
During field surveys were used topographic maps and pre-made pedologic
maps with a scale of 1: 5000. For discussion of some physical and chemical
properties the profile open during previous studies will be used (interpreter of
pedologic map, 1994).
Water balance of the soil was made for the period between 1998 and 2002,
putting into interaction the three main hydrologic input data:
• monthly precipitation (P) in mm;
• monthly potential evapotranspiration (PET) in mm;
• reserves of easily accessible water of soil (RLPV) of 100 mm.
With continuous balancing of monthly values of listed input data, other
members of the water balance equation were obtained, namely:
• excess water (V) mm;
• shortages of water (M) in mm.
Potential evapotranspiration is calculated using the method Thornthweite, based
on the value of monthly average air temperatures adjusted in relation to the latitude of
the researcehed area.
To determine the characteristics of distric cambisol the following methods were
used:
1. For physical properties of the soil:
• mechanical composition of soil - pipette method with the preparation of samples
with Na-pyrophosphate;
• stability of macrostructural aggregates - Gracanin's method with the interpretation
of results according to Sekery;
• the content of colloidal clay - by calculating structural factor according to Vegeler
• microstructural stability of aggregates according to Gracanin.
2. For the chemical properties of the soil:
• active acidity and substitution acidity - electrometrically on pH-meter;
• content of humus - oxidometric, K- bichromatic according to Springer;
• the content of easily available phosphorus and kalijuma - with Al-method;
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• properties of the adsorption complex in non-carbonated soil with the method
according to Kappen.
3. RESULTS AND DISCUSSION
Research has been conducted in three parts:
1. Morphological characteristics of the studied distric cambisol
2. Physical properties of the studied distric cambisol
3. The chemical properties of the studied distric cambisol
3.1. Morphological traits of the studied distric cambisol
Morphological characteristics of the studied profile were determined by earlier
opening of the pedologic profile in the area of Glamocani, municipality of Laktasi.
Data are taken from the Pedologic map of Yugoslavia from 1974.
Relief

Culture

hilly

mixed
forest

Table 1. Morphological traits of the studied distric cambisol
Elevation Slope
Exposure Erosion Chara. of Horizon texture
in m
in o
horizon
Ah A(B) B(C)
190

12

SI

E1

7,5 YR
5/6

IG1
2

PG30

GP7
0

3.2. Physical properties of the studied distric cambisol
Physical properites of the soil depend on the mineral and chemical composition,
geological substratum, as well as the other pedogenetic processes. For the purposes of
this research, processed are:
1. Mechanical composition (texture) of the soil
2. Aggregate composition (structure) of the soil
In the studied profile, participation of the physical clay is the biggest. In the
table we can see that the participation of the dust shifts from 27,60 % to 7,12 %,
hence its participation decreases with the depth. Soil particles smaller than 0,002 mm
in NaOH evince the content of crude colloid clay. Considering their presence in
percentages, the tested distric cambisol falls under moderate to highly colloid soil.
The participation of clay increases in percentages with the increase of depth, from 48
% to 58 %.
Structure stability involves the soil's ability to resist devastating influence of
the water and air, and more is presented in the table 3.
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Depth (
cm )

1-12

Table 2. Mechanical composition of the studied distric cambisol
The percentage share of fractions
Textural
mark
Sand
Dust
Physical Colloid clay
according
clay
to
Gračanin
2,0-0,05 0,05<0,01
<0,002
<0,002
mm
0,01 mm mm
mm u
mm u
NaOH
H2O
24,40
27,60
48,00
16,20
6,52
Clay loam

12-30

44,00

9,40

46,60

29,20

15,60

Clay loam

30-70

34,48

7,12

58,40

47,00

25,20

Sand clay

Depth in cm

1-12
12-30
30-70

Colloidity
level
according
to Gračanin

Moderate
colloidity
Strong
colloidity
Very strong
colloidity

Table 3. Structural characteristics of the studied soil
Structural
Microstructural
Stability of macro-aggregates
factor
stability of
according to Gračanin-Sekeri
according to
aggregates
3 min
30 min
12
Vegeler
according to
h
Gračanin
59,75
d. stable
1
1
2
46,58
m. stable
3
3
3
46,38
m. stable
3
3
4

In the first horizon, the soil is quite stable, while with the depth increase it
slowly destabilizes, i.e. the soil becomes less stable.
3.3. Chemical characteristics of the studied distric cambisol
The chemical characteristics that have been processed, are:
1. Soil reaction
2. Humus content
3. Adsorptive soil complex characteristics
4. The content of physiologically active phosphorus and potassium in the soil
Soil reaction is a very important characteristic, since it influences many
physical and chemical processes in the soil, and also life functions of plants and
animals. It is the indication of the soil chemical condition.
In the table 4 are given the research results of active, substitutional and
hydrolytic acidity. All three values indicate soil acidity and the need for strong
calcification.
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Depth in cm
1-12
12-30
30-70

Table 4. Soil solution reaction and strong calcification needs
pH reaction in
Hydrolytic acidity (me/100g)
H2O
KCl
5,10
4,82
5,00

3,70
3,60
3,50

35,50
33,13
20,50

Calcification
need from
CaCO3 (kg/ha)
18,46
-

In table 4 it can be seen that the value of active soil acidity slightly decreases or
even remains the same (5,10 - 5,00 pH). pH value in KCI shifts from 3,70, in the first
tested horizon, to pH 3,50 at the highest depth tested. This means that the acidity
increases with the depth. Hydrolytic acidity decreases with the depth, from 35,50
me/100 g of soil at the first depth tested to 20,50 me/100 g of soil at the last depth.
Humus appears in the soil formation processes and many physical and chemical
characteristics depend on it, and more is presented in the table 5.
Table 5. Humus and feed content of the studied distric cambisol
Depth in cm
Humus (%)
The content of physiologically active feed
(mg/100g of soil)
P2 O5
K2O
1-12
4,40
1,60
14,70
12-30
1,96
0,00
6,50
30-70
0,64
0,00
7,50

The composition of the humus of the processed distric cambisol in the surface
horizon is 4,40%, so it belongs to a group of very humus lands according to SchefferSchachtschabel,1966. With the depth, the participation og humus decreases and in the
deepest horizon it is almost non-existant and it has 0,64%. The adsorptive complex of
the land is a set of all particles of the land which have the ability of of replacing their
anions and cations with the cations and anions of an electrolyte, and more shown in
the table 6.
Depth in cm

1-12
12-30
30-70

Table 6. The adsorptive complex of the land
The content of the The content of
The total
The degree of base
replacive bases (m/ exchangeable H adsorption capacity
saturation
100g)
ions (m / 100g)
(me / 100g)
adsorption complex
(%)
S
H (T-S)
T
V
8,15
23,08
31,23
26,10
4,80
21,53
26,33
13,23
10,85
13,33
24,18
44,87

The processed land,according to the database content, on the first examined
depth we classify as the land od the fairy supplied bases,the other is poor and the third
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assay depth rather supplied according to Tančić bases,1994. According to the
classification based on the sum of exchangable H-ions per Tančić,1994, the
processed land has sucessfully been supplied by H-ions in the first and the second
horizon, while the third horizon rather provided with replaceable H ions. According
to the classification of land based on the total adsorption capacity per Tančić, 1994,
first studied depth has a large adsorption capacity, while the other two depths are with
average capacity of adsorption. According to the classification of land over the degree
of saturation of adsorbed alkali cations by Zivkovic, 1991, we see that these lands are
very unsaturated in the first process, in the second process they are very unsaturated
and in the third process they are moderately unsaturated by adsorbed alkali cations.
In general,there isa a great deficiency of phosphorus, while there is enough of
potassium.
3.4. The proposal of the repair measures of the distric cambisol
For a lot of hilly areas, it is characterized that agricultural land is poorly
handled. The processed land is generally permeable to water and well-aerated, the
actual reaction of the acid and base content are low.They contain enough of the
physiologically active phosphorus, and the content of the physiologically active
potassium varies rom poor to moderate security.Due to the relief of the cultivable land
there is a potential risk of erosion.
To remedy this situation, more ameliorative measures are necessary:
1. hydro reclamation measures (drainage, irrigation)
2. Agromeliorativne measures (liming, fertilization)
3. Protection of soil from erosion (preventive measures and direct measures of
protection)
4. CONCLUSIONS
Based on morphological, physical and chemical properties of the analyzed
distričnog cambisol of the area Glamočani, Laktaši, we conclude the following:
Type of soil in the area Glamočani is a distic cambisol or the brown acid land. Figure
profile is Ah- A (B) - B (C) - C. The first two studied horizons are clay loam, a third
horizon is sandy clay;
The main substrat of the distric cambisol is radiolarite.The analyzed area has a
moderate continental climate, with fairly uniform wetting regime during the year. he
problem is the discrepancy between precipitation and potential evapotranspiration due
to which there is excess water in the autumn, winter and spring.
Physical properties of the analyzed soils are generally favorable. With regard to
the composition of the texture, these areas are generally permeable to water and wellaerated;
The chemical properties of the soil indicated a strong acidity, while the content
of the base is low. It does not contain enough of the physiologically active
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phosphorus, and the content of the potassium varies, from soft to moderate security.
In order to intensify the agricultural production in distric cambisol Glamočani,
the following measures of repair of the physico-chemical properties of the soil: the
drainage; irrigation; calcification; fertilization with organic and mineral fertilizers, as
well as anti-erosion protection measures;
After the expert application of agro and hidromeliorative complex measures,
with mandatory protection from soil erosion in the area of Glamočani it is possible to
achieve stable yields.
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ABSTRACT
Rich biodiversity of the Western Balkans suffer negative impacts of economic development.
Solving those problems require a coherent strategy for biodiversity conservation with pronounced
involvement of relevant stakeholders. Local authorities have responsibility, but evident lack of
capacities, for biodiversity protection. This paper explores introducing Local biodiversity action plan
(LBAP) as a tool for biodiversity protection and conservation on a local level, in eighteen
municipalities in the Western Balkans. Our results indicate that LBAP improved local planning
practices, and significantly raised capacities of local stakeholders. The presented approach is
considered to be innovative as municipalities did not have opportunity to assess biodiversity potential
on their territory, and develop a comprehensive planning document and action plan for biodiversity
before. Case study of Pljevlja municipality, Montenegro, indicates that LBAP is also effective tool for
revitalization and re-cultivation of degraded land.
Keywords: biodiversity, local biodiversity action plan, Western Balkans, policy, stakeholder
involvement

1. INTRODUCTION
Biodiversity is under serious threat globally, as well as in the Western Balkans
region, particularly in farmland, mountain regions, and coastal zones [6]. Solving
those problems require a coherent strategy for biodiversity conservation with
pronounced involvement of relevant stakeholders.
Stakeholder involvement in the planning and management of natural resource is
being adopted nowadays as standard practice. The postmodern turn, which resulted in
‘top-down’ planning approaches being viewed as elitist and exclusionary, provided
the momentum for the development of the alternative ‘bottom-up’ planning
mechanisms [4]. Human and Davies [5] pointed out that successful ‘bottom-up’
planning and management needs motivated stakeholders which are engaged in a way
that delivers them meaning and a sense of purpose. More importantly, selection of
stakeholders should ensure that processes is inclusive but not overly complex at the
same time. Byers (in Younge and Fowkes [8]) pointed that for effective conservation
one needs an understanding of human behaviours with regard to the environment. He
stressed the importance of identifying stakeholders and initiating a dialogue with
them in a very early stages of the planning process which applies as much in a
regional-scale as it does at local level. A sense of ownership has being regarded as
critical to the successful implementation of the strategy [7] which was also taken into
account while developing methodology for local biodiversity action planning.
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This paper describes an explicit, stepwise protocol for drafting Local
biodiversity action plan (LBAP), which provides the over-arching framework for
habitat and species conservation. This approach also offers an effective tool for
ecological improvement of devastated sites for sustainable development, as it could
be seen from presented case study in Pljevlja municipality (Montenegro).
2. METHODOLOGY FOR DEVELOPING LOCAL BIODIVERSITY ACTION
PLAN
Methodology described below was developed and tested within the frame of the
project “Biodiversity and ecosystem services for local sustainable development in the
Western Balkans” implemented from 2009 until 2013 in six Balkan countries [3].
Target area spans nearly 8,625 km2 and 18 municipalities (Figure 1) with nearly
512,460 inhabitants. In first phase (2009-2011) LBAPs were developed in ten local
communities: Bajina Bašta, Čajetina, Goražde, Gostivar, Dragash, Mavrovo and
Rostuša, Peshkopi, Pljevlja, Srebrenica, and Žabljak. The second phase (2012-2013)
has built on the successes of the first one and is being implemented in eight
municipalities: Bujan, Debar, Ljubovija, Margegaj, Plužine, Prizren, Foča-Ustikolina,
Višegrad.
The main methodological approach was to provide a comprehensive
participatory process in which all relevant stakeholders in the selected communities
participate in developing and implementing Local Biodiversity Action Plans –
LBAPs [1, 2]. The key steps of the action planning process are presented on case
study of Pljevlja municipality which is located in a mountainous area in the
northernmost part of Montenegro, covering an area of 1,346 km2, and accounting for
10% of the total territory of Montenegro. It has a population of 31,060 (2011 census).
The most important natural resources are vast grasslands, significant reserves of coal,
lead and zinc, large complexes of high-quality forests, a significant hydropower
potential and favourable conditions for tourism development [1].
2.1. Process initiation
The process starts by the setting up of an LBAP Team, appointment of an
LBAP Coordinator and formal endorsement of the action planning process followed
by forming of the multi-representative bodies called ‘Biodiversity Action Group’ or
‘Biodiversity Working Group’ which is a forum for the involvement of different
institutions and affected individuals that are based or work in the municipality [6].
Over 200 individual stakeholders were involved in the project, while Biodiversity
Action Group in each target municipality was composed of 7-15 members
representing different institutions and organizations across a range of sectors and
disciplines.
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Figure 5. Location of municipalities where LBAP were developed

2.2. Survey and inventory
The biodiversity audit identify main habitats and species within the
municipality that are of international and national interest, locally distinctive or
locally rare and therefore of local conservation interest, important for the delivery of
ecosystem services and have the potential to provide economic or social benefit if
sustainably utilized and managed. At this early stage in the local biodiversity action
planning process an understanding of the gaps in information is also useful for setting
up future actions.
2.3. Action planning process
2.3.1 Creating a vision
Participatory process starts with creating a vision for biodiversity. It is starting
point for engaging stakeholders and providing a common framework and an
agreement for the LBAP work. We used simple but effective exercise in which all
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participants of the regional capacity building workshop are split into smaller groups
(Biodiversity Action Groups), one for each participating municipality. Participants
were asked to draw municipality map with land-marks and express their values,
issues and opportunities, and put them in context of “vision for biodiversity”. The
vision for Pljevlja municipality foresees the protection of biodiversity and the
rehabilitation of degraded land, together with the socio-economic development of
Pljevlja through the sustainable use of natural resources and ecosystem services [2].
2.3.2 Setting priorities
All identified values, issues and opportunities are prioritized in next step.
Typically for participative process it could be necessary to return to this stage
whenever feasibility assessment in later stages indicates need for re-arrangement of
priorities. In Pljevlja municipality several priorities were identified: (1)Protection of
city park, (2) Assessment and protection of autochtonous vegetation of Biserka
valley, (3) Decrease air-pollution, (4) Establishment of regional park “Ljubisnja”, (5)
Building waste water purification plant , (6) Improvement of fish stock, and (7)
Revitalization and re-cultivation of degraded land. Last priority, as result of wide
stakeholder participation, demonstrates that LBAP could be used as effective tool for
ecological improvement of devastated sites for sustainable development.
2.3.3 Setting objectives and actions
For all identified issues and opportunities relevant objectives which should be
achieved are identified in the next steps. Groups are also working on identifying
actions, time-line, actors and whenever possible tentative budget of the actions, as
presented in Table 1.
Typically LBAP should have compulsory five-year action plan and annual
action plan which is subject to revision during implementation.
2.3.4 Setting targets and indicators
For all actions targets and indicators are defined in the next step. Indicators
should be easy for measuring by non-specialists, relevant to the targets that have been
set (i.e. performance indicators) and relevant to the status of particular species,
habitats or ecosystems (i.e. state indicators).
2.3.5 Public consultation
Consultation over the draft LBAP is a significant milestone in the delivery of
biodiversity action within the municipality. It will raise the profile of biodiversity in
the municipality and can be used as a means to galvanise the support of local partners
and the general public.
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Table 11. Issues and related objectives defined by Biodiversity Action Group for Pljevlja
municipality, Montenegro
Issues
Polluted rivers
Degraded land
in the area of
the mine
Polluted air

Objectives
Decrease the
level of
pollution
Creating
arable land
Decrease the
level of
pollution

Low level of
ecological
awareness

Raising
awareness

No protection
for the areas
of special
natural values

Protection of
natural areas

How?
Purification
system

When?
20092011

Re-cultivation
(technical &
biological)
-Installing filters
-Using eco-fuels
-Building natural
gas infrastructure
Education

20102013

Developing the
plan for
management and
protection

Who?
Polluters,
Local gov.,
ministry
Municipality,
Mine
enterprise

Costs/Source
International
donations,
Budgets
Mine enterprise

NGOs, local
people, local
media,
schools
Local gov.,
ministry,
NGOs

Donations

2010-…

Perman
ent
20102012

Donations

2.3.6 Adopting and publishing the final LBAP
Following public consultations, and in line with relevant legislation, LBAPs
were discussed and adopted by municipalities, usually by municipality councils.
Publishing LBAP in hardcopies and electronic format made them widely available.
2.3.7 Implementation of the LBAP priorities
The municipality is primary institution responsible for implementing
recommendations from the LBAP. In Pljevlja municipality activities from the LBAP
were planned in the municipality’s 2011 budget [1]. Grant funds, provided by project,
were used for greening public places in Pljevlja municipality as well as for education
and awareness raising activities. Besides municipality institutions involvement of
other stakeholders, i.e. relevant agencies and institutions, as well as general public, is
very much recommendable and actually enabled by previous wide participatory
process.
2.3.8 Monitoring and review
Implementation progress should be annually monitored. When and if needed
LBAP should be reviewed based on monitoring findings.
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2.4. Communication and promotion
Effective communication and promotion of the LBAP process secured
legitimacy and support amongst local communities and encouraged important
stakeholders to remain a part of the development phases and strengthened sense of
ownership for project deliverables among all interested parties.
3. CONCLUSIONS
Development of Local biodiversity action plans enabled municipalities to take
up biodiversity and ecosystem services as a key aspect of sustainable living, provided
tools for future community improvement, and mobilized resources to improve quality
of life in general. Success of the LBAP is secured by ensuring participation of all
interested parties in the planning process from the very beginning as well as by
involving the local people in carrying out the actions it contains. Presented case study
of Pljevlja municipality describes all steps of the process which identify the main
biodiversity conservation issues (i.e. red list species, ecosystems at risk, future
pressures) and search for opportunities for local sustainable development. Important
advantage of having LBAP is that it provides a platform for implementation. During
the process stakeholders have learned from each other, supported the activities in a
cooperative way, and created solutions to the emerging problems. LBAP also
appeared as effective tool for revitalization and re-cultivation of degraded land.
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ABSTRACT
The primary goal of maize production is obtaining high and stable yields. The success
depends on hybrid choice, production sites and agro technical factors in the process of production. This
paper examines the impact of ecological and edaphic factors on grain yields of maize of different
growing seasons. The results show that the grain yield was significantly affected by the hybrid,
production site, and the interaction of the investigated factors. Since there are no agro technical
methods that can be universally applied to all maize production areas, production technologies should
be adjusted to specific climatic, soil and environmental conditions so that hybrid potential can be
utilised to the fullest extent possible.
Keywords: maize hybrids, ecological and edaphic factors, grain yield, production site

1. INTRODUCTION
Maize is a plant species of very high cropping potential that belongs to the
plants with the highest organic matter production per unit area [1]. It is known that
agro technical measures are particularly important in the maize production
technology, of which hybrid choice takes a special place. Choosing hybrids that will
give high and stable yields under specific climatic, soil and other environmental
conditions is the first step on this path [2]. From this aspect, modern hybrids are
characterised not only by high genetic potential for cropping, but also by high stress
tolerance to production conditions. Latest hybrids are tolerant to earlier sowing and
high density; they use plant nutrients more rationally and economize on water better
[3, 4]. To improve maize production in Serbia and make our average yields more like
those achieved throughout the world, it is necessary to mitigate or diminish many
limiting factors in production technology, which is possible to accomplish. From a
biological point of view, hybrids of late maturity (longer growing season) are known
to be high-cropping and until recently they have been considered most economical.
Now, it is much closer to the truth that hybrids with less water in the grain during the
harvest period are more economical, considering energy needed for harvest,
transportation, drying, storage, etc. At the end of last century there were only 10% of
areas where plants were not exposed to stressful environmental conditions. Large
percentage of those areas had extreme environmental conditions, 26% of them were
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affected by drought and 15% by low temperatures. In this century, when global
climatic conditions are changing towards higher temperatures and less precipitation,
frequent droughts have caused huge losses in yield production around the world.
Therefore, the importance of studies on different aspects of growing crops is
especially emphasised. Studies on growing crops under irrigated conditions are
particularly topical, since they address the problem of precipitation deficit and
mitigating climatic conditions as limiting factors of crop production. In Serbia, maize
is directly used as animal feed, about 80%, but the way of using it (as silage or grain)
and its quality are not satisfactory [5]. One of the reasons for such a situation is the
fact that people primarily grow late maturity hybrids, which are later to harvest, have
high moisture content in the grain, and can be threatened by diseases, pests, rodents,
etc. during long-time storage [6]. Artificial drying of maize grains makes the
antioxidant fraction of vitamin E in the germ impair, and often such maize has worse
nutritional indicators in diet of some categories of pigs and poultry. Moreover, late
maturity hybrids have greater retention of NPN compounds, i.e. nitrogen assimilates
not transformed into maize proteins and therefore unfavourable indicators of
nutritional value of the maize grain [7].
Nowadays, with increasing price of energy and increasingly demanding market
requirements, the importance of growing early maize hybrids is reflected in lower
costs of drying and easier grain storage, and thus better health benefits of maize
intended for animal feed. In addition, earlier and easier harvest clears the fields from
crops, making space for timely and quality sowing of winter cereals, primarily winter
wheat. The main goal of this paper was to investigate the impact of environmental
and edaphic factors, as well as hybrids of different growing seasons on the
productivity of maize.
2. MATERIALS AND METHODS
Research on the impact of agro ecological conditions on the productivity of
Bc maize hybrids of different growing seasons was conducted in 2013 on three sites:
in Požarevac (Ćirkovac village), Sombor (Agricultural Advisory Service of Sombor)
and Kragujevac (Balosave village). The experiments were conducted on leached
chernozem, meadow black soil and brown forest soil. Field macro experiments were
carried out in a split plot design with four repetitions. The size of a basic plot was 10
m2.
The experiment comprised two factors:
1. Hybrid (A)
A1 – BCSC 532 (FAO 520)
A2 – BCSC 564 (FAO 560)
A3 – BCSC 574 (FAO 570)
A4 – BCSC 582 (FAO 580)
A5 – BCSC 678 (FAO 670)
2. Site (B)
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B1 – Požarevac (chernozem, leached chernozem sub-type)
B2 – Sombor (meadow black soil, humofluvisol)
B3 – Kragujevac (brown forest soil, euthric cambisol)
A standard maize production practice was used. Winter wheat was a preceding
crop on all three sites. After harvest, wheat stubbles were ploughed to 10-15 cm of
depth. Before primary tillage, the crops were fertilised with 250 kg ha-1 of NPK
(15:15:15) and 150 kg ha-1 of MAP (11:52). Primary tillage was carried out in the
autumn, at a depth of 25 cm. Additional tillage, side dressing with 200 kg urea per ha1
(46% N) and soil preparation were conducted in the spring. Maize sowing was done
mechanically, according to the sowing plan, with the intra-row spacing of 70 cm. In
Požarevac the sowing was done on 22nd of April, and in Kragujevac on 24th of April
2013. All the hybrids were grown at density recommended (optimal) for the particular
site. In Požarevac and Kragujevac, the hybrids were grown at density of 55,000 plants
per ha (70 x 26), while in Sombor the density was 65,000 plants per ha (70 x 22cm).
Crop tending measures comprised the use of appropriate herbicides for weed control.
Harvesting was done by hand in late September, when the grain reached
physiological maturity. Grain yield with 14% of water was measured from each plot,
each hybrid and for each treatment. Data were analysed with STATISTICA 12 for
WINDOWS, using descriptive and analytic statistics. The significance of differences
among the averages of the investigated factors (site x hybrid) was tested using a twofactorial model of the analysis of variance [8]. (Maletić, 2005):

yijk = μ + α i + β j + (αβ )ij + ε ijk ,

i=1,2,

j=1,2,...,5,

k=3

All values of significance were given on the basis of LSD-test, significance level
0.05% and 0.01%.
3. RESULTS AND DISCUSSION
3.1. Agro ecological conditions in the research period
For successful growing of maize and other field crops, it is necessary that agro
ecological conditions would be optimal or close to optimal. The most important agro
ecological factors are climatic and soil conditions. They affect yields and crop quality
to a large extent.
3.1.1. Temperature conditions
Temperatare is different in the year [9]. Table 1 shows average monthly
temperatures in the year of research and optimal temperatures for maize growing,
according to [10] average temperature in Požarevac was 19.1 oC, and in Sombor and
Kragujevac it was 18.78 oC. When compared with optimum temperatures given by
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Wallace and Bressman, the obtained values were lower for 0.6 oC and 1.0 oC,
respectively (Table 1, Chart 1).
Table 1. Average monthly temperatures (oC) in the 2013 growing season
0

Temperature, C

Site
Požarevac
Sombor
Kragujevac
Optimal

IV
12.7
12.4
12.2
15.0

V
18.8
17.5
18.1
18.3

VI
20.1
20.1
19.8
20.0

Month
VII
22.2
22.7
21.7
23.3

VIII
24.0
23.3
23.5
22.8

IX
16.5
16.4
16.9
18.8

Average
19.1
18.7
18.7
19.7

Summer 2013 was very warm and dry. In August, temperatures on all sites
were very high - 23.3 oC in Sombor, 23.5 oC in Kragujevac and 24 oC in Požarevac.
Those temperatures were very unfavourable for the crops.
[11] studied data on growing seasons 1982-2010 from the meteorological
station “Rimski Šančevi”. They determined that dry periods had occurred every year,
and the average number of dry periods per growing season was 2.1, mostly occurring
in the period August-September.

Chart 1. Average monthly temperatures (oC) for the 2013 growing season

3.1.2. Precipitation
Table 2 shows data on monthly precipitation in the 2013 growing season and
optimal amounts according to [12].
These data show the amount of precipitation in the growing season
fluctuated, from 292.8 mm in Požarevac to 397.1 mm in Sombor (Table 2, Chart 2).
When compared with given optimal amounts of precipitation, it can be noted that all
three sites recorded less precipitation by 92.9 mm in Sombor, 150.1 mm in
Kragujevac and by 197.2 mm in Požarevac, which had a negative impact on
expressing the genetic potential of the Bc maize hybrids.
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Table 2. Total amounts of precipitation (mm) for the 2013 growing season
Site
Precipitation, mm

Požarevac
Sombor
Kragujevac

Optimal

IV
50.1
41.0
40.8
50.0

V
88.1
133.7
70.3
75.0

VI
35.4
57.5
74.3
90.0

Month
VII
28.6
18.6
60.8
100.0

VIII
26.6
62.4
42.8
95.0

IX
64.0
83.9
50.9
80.0

Total
292.8
397.1
339.9
490.0

Chart 2. Amounts of precipitation (mm) for the 2013 growing period

During the summer months (June, July and August) of 2013, in a critical period
of maize growing season, high temperatures, deficit of precipitation, lower relative
humidity and frequent hot winds led to occurring of droughts of varying intensity.
Precipitation in these months was insufficient to meet the total water requirements of
the crops. Total precipitation was significantly lower than optimal, i.e. the amounts
were not sufficient to meet crop requirements for water that usually range from 90 to
100 l/m2 on monthly level.
3.2. Grain yield of maize
Productivity of Bc hybrids of different growing seasons was investigated on
the sites with different types of soil: chernozem (leached chernozem) in Požarevac,
meadow black soil (humofluvisol) in Sombor and brown forest soil (euthric cambisol)
in Kragujevac (Table 3). The results of our research show the average grain yield was
7.30 t/ha (Table 3, Chart 3). Significantly higher yield was recorded on brown forest
soil in Kragujevac, when compared to Požarevac (chernozem) and Sombor (meadow
black soil), p<0.01 (Table 3).The test hybrids had a statistically significant impact on
the grain yield. On average, the lowest yield was recorded for Bc 582 hybrid (7.00 t
ha-1) and this yield was significantly lower than the yield of all other hybrids, at
p<0.01.
The highest yield was recorded for Bc 532 hybrid (7.70 t ha-1) and this yield
was statistically significantly higher that the yield of all other hybrids, at p <0.01. No
statistically significant difference was recorded between the average yields of Bc 564
and Bc 678 hybrids (p> 0.05) (Charts 3 and 4).
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Table 3. Impact of hybrids and sites on yields (t ha-1)
Site
Hybrid
Bc 532
Bc 564
Bc 574
Bc 582
Bc 678
Average
Index (%)
LSD Test
0.05
0.01

Požarevac

Sombor

Kragujevac

6.30
4.80
5.50
4.90
4.70
5.20
100.0

7.70
6.60
6.20
6.80
7.10
6.90
132.7

9.20
10.20
10.50
9.40
9.90
9.80
188.5

Hybrid
0.151
0.202

Site
0.117
0.157

Average

Index
(%)

7.70
7.20
7.40
7.00
7.20
7.30
-

100.0
93.5
96.1
90.9
93.5
H x S
0.262
0.351

Chart 3. Average grain yield of maize hybrids (t ha-1), Požarevac, Sombor & Kragujevac,
2013

The production site had a statistically significant impact on the grain yield.
Significantly higher average grain yield was achieved on the site in Kragujevac, when
compared to the other sites (p<0.01). When compared to other sites, significantly
lower average grain yield was recorded in Požarevac (5.2 t ha-1), at p <0.01. In
Sombor and Kragujevac, measured grain yield was higher than in Požarevac by 42%
and 88.5%, respectively. The interaction of the investigated factors (hybrid x site),
had a statistically significant impact on the grain yield (p <0.01) (Chart 5). In addition
to the investigated factors, drought in the growing season also significantly
contributed to decreased grain yield. Similar results were recorded by [13, 14]. Since
there are no agro technical methods that can be universally applied to all maize
production areas, production technologies should be adjusted to specific climatic, soil
and environmental conditions so that hybrid potential is utilised to the fullest extent
possible. Irrigation is recommended in dry years, since it is the only measure for
mitigating adverse growing conditions and increasing the profitability of production.
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Chart 4. Average yields of maize in locality (t ha-1), Požarevac, Sombor & Kragujevac, 2013

Chart 5. Yields of maize hybrids (t ha-1) in Požarevac, Sombor & Kragujevac, 2013

4. CONCLUSION
The results of our research on the impact of maize hybrids of different growing
seasons on grain yield, conducted in the agro ecological conditions of Stig, Northern
Backa and central Sumadija led to the following conclusions. Weather conditions,
particularly the amount and distribution of precipitation during the research, were not
adequate for maize growth and development on those three sites. The average grain
yield was 7.30 t ha-1. The sites and hybrids had a large impact on the grain yields.
Significantly higher yield was obtained on brown forest soil than on chernozem and
meadow black soil. In Sombor and Kragujevac significantly lower grain yields (42%
and 88.5%) were achieved than in Požarevac. Hybrid choice can significantly affect
the achievement of high yields. The factor that can be least affected is the climate,
therefore irrigation should be carried out in dry years. This agro technical measure
can mitigate adverse growing conditions and increase the profitability of production.
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ABSTRACT
The paper presents the results of aquatic macroinvertebrate communities research at the Pek
River. The material was collected from three sampling sites (Kusiće, Kučevo and Neresnica) in the
2009-2013 period. A total of 84 taxa aquatic macroinvertebrate taxa were recorded. With regard to the
taxonomic composition and relative abundance of taxa, it was concluded that taxa within insect orders
Trichoptera, Ephemeroptera and Odonata represent the major components of macroinvertebrate
communities of the river. For the ecological status assessment of the watercourse, the following
biological parameters, relevant to the macroinvertebrate community were used: total number of taxa,
percentage participation of Oligochaeta/Tubificidae in the total macroinverebrate community,
Shannon-Weaver’s Diversity Index, Zelinka and Marvan Saprobic Index, number of Ephemeroptera,
Plecoptera and Trichoptera taxa (EPT taxa), Biological Monitoring Working Party (BMWP) Score,
Average Score per Taxon (ASPT) and number of sensitive taxa (Austria), according to the national
legislation (Regulation on the parameters of ecological and chemical status of surface waters and the
parameters of chemical and quantitative status of groundwaters, Official Gazette of the Republic of
Serbia, 74/ 2011). Based on analyses of all selected metrics, the indicative ecological status of the Pek
River could be assessed as poor (class IV).
Keywords: macroinvertebrates, Pek River, biological parameters, ecological status assessment

1. INTRODUCTION
Biological monitoring represents one of the major tools for water quality
assessment. Aquatic macroinvertebrates are commonly used organisms in biological
monitoring. In the present work, the results of the ecological status assessment of the
Pek River was introduced based on aquatic macroinvertebrate communities.
The Pek is a river in eastern Serbia. It is a 129 km long right tributary of the
Danube River, flowing through the regions of Homolje, Zvižd and Braničevo. The
Pek River originates from two major headwaters, Veliki Pek and Mali Pek Stream.
The Mali Pek Stream comes down from the northern slopes of the Liškovac
Mountain, flows to the southwest through the city of Majdanpek, one of the major
mining centers of Serbia. After a short course, the Pek reaches the western side of the
Homolje Mountains and flows in into the river Lipa at the village of Debeli Lug.
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Figure 1. Locality Kučevo at the Pek River

The Pek drains an area of 1230 km² and belongs to the Black Sea drainage
basin. It is not navigable. The river's course is characterized by many elbow turns,
similar to the Danube's on this same section (most notably, the Đerdap), but on a
much lesser scale. Average discharge is 8.5 m³/s and the river's mouth is known for
the Danube's inverse flow (during high levels, water from the Danube flows up the
Pek). The areas surrounding the Pek's course are rich in a variety of ores and
minerals, like copper, iron, pyrite, zinc, wolfram and coal (Rakova Bara coalmine),
but the river is famous for the gold which it brings from the mountains around
Majdanpek in small amounts. For this, the river is called Zlatni Pek (the Golden Pek).
2. MATERIAL AND METHODS
Aquatic macroinvertebrate sampling was conducted during the spring, summer
and autumn period from 2009 to 2013 at three sampling sites (Kusiće, Kučevo and
Neresnica) according to AQEM protocol (AQEM, 2002). The semi-quantitative
sampling was performed using a hand net (25x25 cm, 500 μm mesh size). The multihabitat sampling procedure (Hering et al, 2004) was applied. Samples were preserved
using 70% ethanol solution and further analysed in the laboratory.
The following metrics were selected to be used for indicative assessment of
ecological status, according to the national legislation (Official Gazette of the R. of
Serbia, 74/2011):
total number of taxa, number, percentage participation of Oligochaeta/Tubificidae in
the total macroinverebrate community, Shannon-Weaver’s Diversity Index (Shannon,
1948), Zelinka and Marvan Saprobic Index (Zelinka & Marvan, 1961), number of
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Ephemeroptera, Plecoptera and Trichoptera taxa (EPT index) (Armitage et al., 1983),
Biological Monitoring Working Party (BMWP) Score, Average Score per Taxon
(ASPT) and number of sensitive taxa (Austria). Saprobiological analyses were carried
out by using a list of bioindicator organisms by Moog (Moog, 1995). The metrics
calculation was done using ASTERICS software (AQEM, 2002).
Ecological status assessment in the investigated stretch of the Pek River was
performed based on status class boundaries for rivers Type 2 - large rivers with
medium grain-size mineral substrates, except Pannonian plain rivers (Official Gazette
of the R. of Serbia, 74/2011). Methodology of investigation was designed according
to recommendations provided by the EU Water Framework Directive (WFD, 2000).
To carry out a WFD biological assessment, each WFD defined biological
quality element (BQE, defined in the WFD) is required to give a statistically robust
definition of the ‘health’ of that element in the defined water body. The ‘health’ of a
BQE is assessed by comparing the measured conditions (observed value) against that
described for reference (minimally impacted) conditions. This is reported as an
Ecological Quality Ratio (EQR) and calculated as relation of obtained to reference
values of the parameters. An EQR of one represents reference conditions and zero
represents severe impact. The EQR is divided into five ecological status classes
(High, Good, Moderate, Poor, Bad) that are defined by the changes in the biological
community in response to disturbance (Foden et al, 2010).
Ecological status assessment based on EQR values are used in this study and
given in the Table 1.
Table 1. EQR values in relation to different classes of ecological status and colour codes

EQR Value
0.80 – 1.00
0.60 – 0.79
0.40 – 0.59
0.39 – 0.20
0.19 – 0.00

Ecological Status Class
High
Good
Moderate
Poor
Bad

Colour Code

A total of 84 aquatic invertebrate taxa were recorded (Appendix 1). Insecta was
found to be the most dominant component of the community with taxa 64 taxa. The
most diverse insect groups were Trichoptera (21 taxa), Ephemeroptera (15 taxa) and
Odonata (11 taxa). Diversity of other groups was significantly lower. With respect to
the relative abundance/percentage participation in macroinvertebrate communities,
Trichoptera (31.83 %), Ephemeroptera (14.19 %) and Odonata species (14.15 %)
were found to be principal components of the communities.
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Appendix 1: List of macroinvertebrate taxa recorded at the Pek River

Gordius aquaticus

Baetis vernus
Baetis spp.
Caenis horaria
Caenis luctuosa
Ecdyonurus venosus
Ecdyonurus sp.
Heptagenia sp.
Ephemera danica
Serratella ignita
Ephemerella sp.

OLIGOCHAETA

Plecoptera

Enchytraeus buchholzii
Limnodrilus hoffmeisteri
Nais spp.
Stylodrilus heringianus
Tubifex tubifex
Tubificidae spp.

Leuctra sp.
Perla marginata

TURBELLARIA
Dugesia lugubris
Dugesia polychroa
NEMATOMORPHA

Trichoptera
Athripsodes sp.
Brachycentrus sp.
Halesus spp.
Hydroptila sp.
Diplectrona felix
Hydropsyche angustipennis
Hydropsyche dissimulata
Hydropsyche exocellata
Hydropsyche incognita
Hydropsyche instabilis
Hydropsyche pellucidula
Hydropsyche saxonica
Hydropsyche sp.
Cheumatopsyche lepida
Limnephilus sp.
Lithax sp.
Trichoptera sp. indet.
Leptoceridae sp.
Limnephilidae spp.
Rhyacophila dorsalis
Rhyacophila spp.

MOLLUSCA
Gastropoda
Ancylus fluviatilis
Bithynia tentaculata
Holandriana holandrii
Physella acuta
Radix balthica
Radix labiata

Bivalvia
Unio crassus
CRUSTACEA

Odonata
Austropotamobius torrentium
Gammaridae spp.

Calopteryx splendens
Calopteryx virgo
Coenagrion sp.
Ischnura elegans
Pyrrhosoma nymphula
Anax imperator
Cordulegaster boltonii
Gomphus spp.
Onychogomphus forcipatus
Ophiogomphus cecilia
Stylurus flavipes

Hydrachinidia sp.
INSECTA
Ephemeroptera
Baetis fuscatus
Baetis lutheri
Baetis pavidus
Baetis rhodani
Baetis scambus.
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Limnius volckmarii
Hydraena sp.
Pomatinus substriatus
Diptera

Hemiptera

Antocha sp
Atherix ibis
Ibisia marginata
Chironomidae spp.
Empidiidae sp.
Limoniidae sp.
Simuliidae sp.
Tipula sp.
Tipulidae sp.

Aphelocheirus aestivalis
Nepa cinerea

Coleoptera
Elmis aenea

An overall ecological status assessment of the Pek River with regard to
examined metrics is shown in Table 2.
Average EQR values of total number of taxa, Shannon Weaver’s Diversity
Index and number of Ephemeroptera, Plecoptera and Trichoptera taxa (EPT taxa)
correspond to class II (good ecological status). Mean EQR values of Zelinka &
Marvan Saprobic Index and number of sensitive taxa according to Austrian list of
sensitive taxa point to moderate water quality (class III). Generally a large number of
sensitive taxa indicates better water quality. Because there is no national list of
sensitive taxa, this data should be treated with a low level of confidence. Average
EQR values of percentage participation of Oligochaeta/Tubificidae in the total
macroinverebrate community, Biological Monitoring Working Party (BMWP) Score
and Average Score per Taxon (ASPT) reflect poor ecological status (class IV).
Ecological status assessment of the Pek River in the investigated stretch was
carried out by using aquatic macroinvertebrates as bioindicators and considering
communities structure and composition. Relation between communities
structure/composition and water status is important for the final assessment. Based on
analyses of all selected parameters, it is concluded that the indicative ecological status
of the Pek River in the investigated stretch could be assessed as poor (class IV),
which indicates the presence of various types of stress.
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Table 2. Overall ecological status assessment of the Pek River with regard to examined
metrics
Parameter / Locality

Kusiće

Kučevo

Neresnica

Overall Status
Assessment

Total no. of taxa
Oligochaeta/Tubificidae (%)
Shannon-Weaver Index
Zelinka-Marvan SI
BMWP
ASPT
EPT Taxa
No. of sensitive taxa
(Austria)

The results of this study confirmed that the Pek River is under influence of
different types of pressures, primarily organic and nutrient pollution as well as
hydromorphological impacts (river bed degradation, channeling and habitat
deterioration).
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INVENTORY OF SPECIES DIVERSITY-INDUSTRIAL ZONE,
EAST, IN SREMSKA MITROVICA IN ORDER TO ASSESS THE
BIOLOGICAL VALUE OF THE AREA
1

Stanković Mihajlo1
National Conservation movement of Sremska Mitrovica, Serbia

ABSTRACT
Industrial zone to the East in Sremska Mitrovica considered to be one of the degraded field in
the city. It covers an area of 255 ha, where in the past 50 years was located almost all the industries of
the city. This is precisely the reason to do inventory of species diversity areas, in order to assess the
biological value of the area. The study covers the period 1985 to 2013. For the previous period were
recorded over 300 species of plants and 320 different species of animals. Of the total number of plants
belonging to the two types of Bryophita, 4 types Pteridophyta and 307 species of vascular plants. The
flora of the recorded 28 protected and 7 strictly protected species, 4 species are near threatened, three
species are vulnerable, the two are relict species and Red List of plants of Serbia and the one kind of
the Pannonian endemic and critically endangered species. Significant species of flora are: Thelypteris
palustris, Achillea asplenifolia, Hottonia palustris, Urtica kioviensis, Utricularia vulgaris, Viola elata,
Cyperus glomeratus, Cyperus michelianus and Heleocharis acicularis Fauna has 18 species of
mammals, 69 species of birds, 11 species of reptiles, 10 species of the fish and amphibians, and 202
species of invertebrates. While the invertebrate fauna makes 175 species of insects, 17 species of
spiders, 14 species of snails, 6 species of centipede, the two types of Acarina and Isopoda and 1
species Nematomorpha and Colembola. The fauna of the ascertained a Balkan endemic, protected 32
and 69 strictly protected species, four species are on the list of Habitat Directive EU, three vulnerable
species and 6 species are near threatened. Of 69 species of birds 16 species are safe nests for eight
species presumes that the nest. The most important species of fauna are Pelobates fuscus, Triturus
dobrogicus, Testudo hermannii, Lutra lutra, Mus spicilegus, Cerambux cerdo Morinus funereus, Hispa
atra, Hololepta plan, Oryctes naesicornis, Lucanus cervus, Enoplopus dentipes, Acrida ungarica,
Zeuneriana amplipennis and Epitheca bimaculata. All these data suggest to us that in the study area
maintained a high level of biodiversity.
Keywords: Inventory, flora, fauna, industrial zones-East, Sremska Mitrovica

1. INTRODUCTION
Industrial zone to the ,,East,, in Sremska Mitrovica considered to be one of the
degraded field in the city. It covers an area of 255 ha, where in the past 50 years was
located almost all the industries of the city. This is precisely the reason to do
inventory of species diversity areas, in order to assess the biological value of the area.
2. MATERIALS AND METHODS
The study covers the period 1985. to 2013. During this period, the terrain is go
under by season, some species are enumerated only a portion was collected and
determined upon returning from the field and collected samples are kept in a private
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collection. Some data on the fish fauna was obtained by reviewing the guardians and
from interviews with fishermen. As we see the marked satellite image (Figure 1) in
the study included only natural surfaces with vegetation, parts available green space
on the factory grounds and access roads as well as the coastal part of the river Sava,
while other parts are not included because they were not allowed. It is estimated that
255 ha, the study included about a third of the surface. In the study area can be
roughly sorted out the following types of habitat: coastal part of the river Sava, and
then borrow the excavation of land with water and ephemeral wetland vegetation in
cargo bridge (hereinafter borrow), surrounding ruderal meadows (humid and dry
types), embankments and the railways, roads and the like.
Determination of the flora is conducted by: Gajić & Karadžić, (1991), Javorka
& Csapody, (1975), Obratov,et.al. (1990), Šilić, (1988 and 1990), Jovanović, (1991),
Vukićević, (1987), Lanzara& Pizzetti,(1984);Flora Sr.Srbije 1-9; a determination by
fauna:
Đurović,et.al.,(1979),
März,R.,
(1987),
Harry,G.,Born,L.,(1981),Radovanović,M.,Martino,K.,(1950),Bruno,S.,(1998),Forey,P
.,(1997),Arnold,E.N,Burton,J.A.(1985),Heinzel,et.al.,(1999)Mišić,R.,(1962),Petrov,I.,
(2006),Harde,W.K,(2000),Mikšić,R,Georgijević,E.,(1971,1973),Mikšić,R.,Korpič,M.
,(1985),Janković,Lj.,(1975),Bechyně,J.,(1988),Roberts,M.,(1995),Ćurčić,et.al.,(2007)
,Toman,J.,Felix,J.,(2000),Dijkstra,B.D.K.,(2006),Reitter,E.,(1908,1911,1916),
Skejo,J.,(2012), Skejo,J1.,(2012)Harz,K.,(1969, 1975).

Figure 1. Satelite recording areas with marked areas of research

3. RESULTS WITH DISCUSSION
For the period 1985. to 2013., there were over 300 plant species and 320
different species of animals. For the period can be divided into two parts, the first part
covers the period up to the year 2000 when the present plant is operating and the
period after the year 2000, when the factory is no longer working. Of the total number
of plants is represented Bryophita two types, Pteridophyta 4 species of vascular plants
and 307 species.
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From recorded two types of Bryophyta one is aquatic (Riccia fluvitans) and
terrestrial species (Marchantia plymorpha) representing cosmopolitan species,while
in four species of Pteridophyta two species are aquatic (Azolla filiculoides, Salvinia
natans) of which species Azolla filiculoides is a non-indigenous, two species are
terrestrial (Equisetum arvense, Thelypteris palustris). The flora of the area recorded
27 non-native species of which 11 species are invasive character and that single out
Ailanthus glandulosa and Amorpha fruticosa that are visibly wider the field. A
complete overview of important plants of the area is given in Table 1

Equisetum arvense
Thelypteris palustris
Achillea asplenifolia
Althaea officinalis
Arctium lappa
Callithriche palustris
Centaurea jacea
Epilobium hirsutum
Epilobium parviflorum
Fragaria vesca
Galium odoratum
Galium rubioides
Glechoma hederacea
Hedera helix
Hottonia palustris
Hypericum
perfoliatum
Lamium album
Melilotus officinalis
Prunus spinosa
Ranunculus aquatilis
Sambucus nigra
Symphitum officinalis
Trapa natans agg
Tussilago farfara
Urtica kioviensis

+

Lc

+
+
+

VU

+
+

PSEND

+
VU
+
+
+
+
+
+
+
+

Lc

CR-Srb

+
+
+
+
+
+
+
+
+

Nt
PEND
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Rare species

CITES

Endemic

Red List of flora of
Serbia

The European Red List

IUCN categories

protected species

Strictly protected
species

Table 1. Summary of significant plants of the area of national and international status
SPECIES

Utricularia vulgaris
Veronica officinalis
Viola elata
Viola odorata
Allium atropurpureum
Cyperus glomeratus
Cyperus michelianus
Galanthus nivalis
Heleocharis acicularis
Iris pseudoacorus
Leucoium aestivum
Chara globularis

+
+
+

+
+
+
+
+

NtLc
Nt
Nt

+
+
+

+
+

VU

+

Some of the rare species of flora (Urtica kioviensis,Thelypteris
palustris,Heleocharis aciculata and Hottonia palustris) are found only in 2010 that
was very rainy years, which led to the emergence of these types semiaquatic to
borrow. All these species except H.aciculata had a very small population, numbering
from 1-10 individuals, and the species H.aciculata had about 60% of the coverage
area of 1 m2. Species such as Utricularia vulgaris, Cyperus michelianus and Cyperus
glomeratus are found almost regularly every year in the last five to seven years, but
with the number up to 20 individuals on the entire surface of the borrow pits. Types
Viola elata and Achillea asplenifolia were recorded 2009. and 2011. borrow pit on the edge,
where they are moderately moist meadows with something denser shrub vegetation. It is the
presence of certain forest species including the Viola elata shows us that sometimes
in this area was forest of oak and ash, which has reclaimed much before locating in
industrial zones If you look at the total number of species of flora in the period up to
2000 and after 2000 it is noticed a slight increase in species and abundance of certain
individuals on the surface. Was observed a slight increase in species and abundance
of certain individuals on the surface. Thus, during the period when the plant is
operating without a doubt dominated both number of species and number of
individuals cosmopolitan eurivalentne mostly weed and ruderal species, and those
species that are tolerant to pollution. The spread of invasive species began after the
year 2000 and it first appeared and then Ambrosia artemisiifolia and Ailanthus
glandulosa then later other invasive species.
Mammal fauna consists of 18 species, which can be roughly divided into forest
types, species of open habitats and aquatic-semiaquatic species. Of forest species is
important to mention the presence of species Glis glis and Sciurus vulgaris, which
were recorded only a few times. Along the shore of the Sava River and other
semiaquatic habitats recorded the Arvicola terestris and Sorex araneus, and the year
2000 found the young individual species Lutra lutra, which is an inflammation of the
depositional basin factory FCP Matroz who was rescued after recovery transferred to
SNP Zasavica where is released. Tall herbaceous vegetation in the wider environment
borrow habitat types Micromys minutus in whose presence we show globular nests. In
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the area between the two borrow pits were found in 2002., Mound of species Mus
spicilegus.
Ornithofaunas area has 69 species of birds, of which 16 species are safe nest for
eight species presumes that the nest. For birds in this area is the most important
location borrow the countries that now dug hole with water by mid-June. At this place
for years (minimum 15 years) nesting colonies of mixed species Nycticorax
nycticorax and Egretta garzeta with a total of several dozen pairs and there is still
regularly nest Remiz pendulinus, Fulica atra and Ixobrichus minutus with up to 10
pairs in the period 2004. to 2006. year., the nesting and Anas plathyrrhinchos.
Globally threatened species in the world with the category SPEC 1 species Aythya
nyroca nesting in 2001., 2004th and 2010., with the number 1-2 pairs. The
surrounding willow trees and groups of trees and nests more species Corvus
fragilegus, Paser domesticus, P.montanus, Dendrocopus major, Parus caeruleus, P.
major, Pica pica and Agithalus caudatus. For the previous period of research in these
habitats, we had only one to three times observing the following types: Upupa epops,
Garrulus glandarius, Oriolus oriolus and Corvus monedula in outside the breeding
period. In the period 2005. to 2008th in borrow pits and nesting Acrocephalus
arudinaceus. And this is 2009. and 2010. listeners advertising Butaurus stellaris,
Strix aluco and Ralus aquatilis while Galinulla chloropus the observed 2008th, 2010th
and 2012th year of the breeding period. Only in 2010 was recorded three individual
Anas crecca. Surfaces covered with herbaceous vegetation and ruderal habitat for
species Carduelis cannabina. C.spinus, Lanius excubitor, Motacilla alba, etc. On the
bank of the Sava river when the water withdraws and piles of sand at the landfill
company ,,Luka Leget,, seen the kind Actitis hypoleuca, Recurvirostra avoseta,
Tringia nebularia, T.totanus and Charadrius dubius. Many of the recorded birds
come here for food, or are there just to unwinding during migration. On the migration
of flocks flying over here from a few dozen to a few hundred birds species Grus grus,
Merops apiaster, Apus apus, Hirudo rustica, and others. Diverse habitats and a wide
selection of food caused the presence and birds of prey such as Buteo buteo, Falco
tinnunculus and Accipiter gentilis, and there are two types of Otus scops and Strix
aluco.
Reptile fauna consists of 11 species, of which two species Testudines, 4 types
Sauridae and 4 species with a subtype Serpentes. In reptiles are all common
cosmopolitan species except that the borrow pits recorded as juveniles and
individuals adulne Emys orbicularis which the whole of Serbia population continues
to decline. For the longest snake specimens were measured in Elaphe longissimus to
157 cm, and dominated the species Natrix natrix and N.tessellata. During the driest
years to: 1988., 1993., 1995., 2006th and 2011, during the flight of the green areas
were recorded by individual specimens of species Coronella austriaca. For record of
Testudo hermannii one adult specimen in 1988. and in 1995. whatever., and a
juvenile specimen of 1998., it is assumed that it brought and released when one
ceased to be pets.
Amphibian fauna consists of 10 species and two species Caudata and 8 species of
Anura. The most important habitat for amphibians is borrow where water is retained
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for a long time. This is the habitat of the Balkan endemic species Triturus dobrogicus
and its smaller relatives Triturus vulgaris. Borrow the reproductive center for species
Bombina bombina, Bufo bufo, B.viridis, Hyla arborea, Rana dalmatina and komplex
group Rana esc.complex / R.ridibunda that some years have had the number from
several hundred to several thousand individuals. Only twice so far during loading of
the country was found species Pelobates fuscus and in 1988. single unit and 1994.
two individuals.
Fish fauna in the study area has 10 species and applies only to borrow the
country. From recorded species of fish is important to mention finding of Cobitis
tenia (2002.) From predatory fish were found Esox lucius and Perca fluviatilis, while
the allochthonous fish are present Carassius auratus gibelio and Lepomis gibosus.
For species Cottus gobio and Gymnocephalus cernuus are thought to be able to
borrow from the reach of the Sava river at high water but they are not the optimal
conditions for life.
Invertebrats fauna has a total of 202 species, and it has 175 species of Insecta,
Aranidae 17 species, 14 species of Gastropoda, 6 species of Myriapoda, the two types
of Acarina and Isopoda and 1 species Nematomorpha and Colembola. Kinds of
national and international importance in the fauna of invertebrates can be found in the
class of insects, and they are:
-Endemic Zeuneriana amplipennis found 2010th and 2011 in a wet meadow
areas around the borrow pit with about 10 individuals, which is a new site by
Stankovic,M.,(2009) for this species in the Sava valley.
-Epitheca bimaculata was found in 2013. as an adult imago to borrow a fresh
half-developed wings which indicates that the individual is just out of the water and
this shows us that in this habitat and reproduce. Nearest finding her reserve Zasavica.
According to Jovic,et.al,(2007) The Odonata in 2006. found the Zasavica after more
than 30 years, but according to new data from the field type has spread expansion in
Srbiji. As far as Posavine these two sites (river and borrow at Sr.Mitrovica) are for
now only known for this type of odonate.
-Species with only one to five are in Serbia over the past 50 years are: Hispa
atra found one specimen of 2011. in the wet meadows around borrow pits, then
Hololepta plan and Enoplopus dentipes found several specimens 2009. and 2012.
willow trees in the forest and prohibition on tree bark and the types Acrida ungarica
noted in 1988., 1990., 1992., 1995., 2000th, 2002., 2003. and 2011., the dry warm
grassy habitats on the embankment around the borrow, the gauge industrial lines and
areas with rare vegetation exposed to direct sunlight but still low abundance that was
never more than 10 individuals on the surface. Depending on the vegetation and
substrate were present in either green or brown specimens of species Acrida
ungarica.
-Internationally protected species according to IUCN, Habitat Directive and
the Bern Convention are Cerambyx cerdo Morinus funereus, Nymphalis vaualbum
and Zerynthia polyxera. All these species were not numerous, and the types of
Cerambyx cerdo Morinus funereus is thought to have spread to the warehouse of logs
FCP Matroz where are most likely due to the logs from the forest.
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-Under the Protection of Nature of Serbia in the field were noted following a
strictly protected species: Cerambyx cerdo, Morinus funereus, Zerynthia polyxera,
Oryctes naesicornis, Lucanus cervus, Carabus cancellatus, Carabus ullrichii, Papilio
machaon, Pieris brassica and Satyrum w-album; Protected Species: Zeuneriana
amplipennis.
All these data show us that the research area maintained a high level of
biodiversity, which is determined by the variety of habitats. According to the
occurrence of certain species and their numbers after the termination of the factory
observes the recovery of the ecosystem. In the last five or six years starting serious
degradation just borrow that showed a high level of species diversity, including
species from the list of EU Habitat Directive. The borrow pit is already! Several years
of intensive backfilled with rubble and excavated soil during construction and other
work in the city. Honestly I am afraid that in a few years this habitat will be
permanently lost.
4. CONCLUSION
For the previous period were recorded over 300 species of plants and 320
different species of animals. Of the total number of plants is represented Bryophita
two types, Pteridophyta 4 species of vascular plants and 307 species. The flora of the
recorded 28 protected and 7 strictly protected species, 4 species are near threatened,
three species are vulnerable, the two are relict species and Red List of flora of Serbia
and the one kind of the Pannonian endemic and critically endangered species.
Significant species of flora are: Thelypteris palustris, Achillea asplenifolia, Hottonia
palustris, Urtica kioviensis, Utricularia vulgaris, Viola elata, Cyperus glomeratus,
Cyperus michelianus and Heleocharis acicularis. Fauna has 18 species of mammals,
69 species of birds, 11 species of reptiles, 10 species of the fish and amphibians, and
202 species of invertebrates. Invertebrate fauna makes 175 species of Insecta,
Aranidae 17 species, 14 species of Gastropoda, 6 species of Myriapoda, the two types
of Acarina and Isopoda and 1 species Nematomorpha and Colembola. The fauna of
the Balkan endemic ascertained 1, 32 protected and 69 strictly protected species, four
species are on the list of the EU Habitat Directive, three vulnerable species and 6
species are near threatened. Of 69 species of birds 16 species are safe nest for eight
species presumes that the nest. The most important species of fauna are Pelobates
fuscus, Triturus dobrogicus, Testudo hermannii, Lutra lutra, Mus spicilegus,
Cerambyx cerdo Morinus funereus, Hispa atra, Hololepta plan, Oryctes naesicornis,
Lucanus cervus, Enoplopus dentipes, Acrida ungarica, Zeuneriana amplipennis and
Epitheca bimaculata. All these data suggest to us that in the study area maintained a
high level of biodiversity.
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ABSTRACT
SBR (sequencing batch reactor) plants for wastewater treatment in the "Mitrovićev dom" and
"Čarapićev brest" on Avala, shows the biological method which is based on the principles of deep
aeration using activated sludge as an economical and efficient method of purification municipal
wastewater in small villages. It is essential that purified municipal wastewater is of satisfactory quality
and as such it is discharged into the recipient, which protects and contributes to the preservation and
protection of the environment. Samples of the sludge and the municipal wastewater were collected at
the inlet and outlet of the plant and their subsequent physio-chemical and biological analysis was
performed in the laboratory of Department of Ecology, Control and Protection, Department of
Biological Studies,Belgrade Waterworks and Sewerage.
It is concluded that the biological method of activated sludge can reduce the concentration of
total suspended matter, BOD5 and COD values to less than legally prescribed. It was observed that the
concentrations of phosphorus and nitrogen in the effluent were reduced, but the actual values were not
sufficient to discharge into natural recipients.
Keywords: municipal wastewater, activated sludge treatment

1. INTRODUCTION
Daily water usage for different purposes changes its physical, chemical and
biological composition. While water usage can contribute to pollution, wastewater
can be discharged into the recipient using the appropriate treatment, in a manner and
to a level that does not pose a threat to natural processes or for the renewal of the
quality and quantity of water that does not diminish the possibility of multipurpose
use. The quality of wastewater that can be discharged into the recipient is regulated
by individual community standards.
The activated sludge process is the most common treatment method of
wastewater, which has been contaminated by organic matter. This means that the
process of removing the organic matter from the wastewater is carried out by means
of aerobic micro-organisms which are situated in or on the snowflake of the activated
sludge. The ecosystem of activated sludge is a complex system in which the main role
is played by bacteria, protozoa and some metazoans.
Communal water usage contains significant amounts of organic and inorganic
nitrogen and phosphorus compounds. Nutrients such as nitrogen and phosphorus, if
present in elevated concentrations in aquatic ecosystems stimulate the growth of algae
and other photosynthetic organisms, which affects the acceleration of eutrophication.
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Organic matter in the water is degraded, thereby consuming oxygen, and
excessive concentration of organic material, due to the high consumption of oxygen
leads to the disappearance of oxygen in the water, which is not only detrimental to
living beings, but it spreads extremely unpleasant odors. Directly or indirectly, these
substances can reach people and can immediately or for a longer period of time
endanger human health.
Purification takes place in the aeration tanks, where the introduction of air,
provides for favorable conditions of abiotic and biotic growth and development of the
ecosystem of activated sludge, therefore human intervention in a small area for a
short time achieves intensive natural water purification. Aeration of the mixture of
sludge and wastewater provides modified substrates and products of metabolism and
oxygen needed for microbial life. After aerating the mixture of activated sludge and
wastewater in the aeration tanks, the solid phase, the sludge is separated from purified
effluent. In wastewater treatment processes, two main fractions occur: purified water
and waste materials. The purified water is present in the majority of all those
pollutants that are normally found in raw wastewater, but at a much lower
concentration, so it does not pose a risk to the recipient and the environment. Surplus
sludge must be periodically removed from the device, when collected in a sufficient
amount, on average, once every 10 days. It is recommended that the sewage sludge
that uses portable stations is switched to a special container for disposal. Activated
sludge is then aerobically stabilized. This sludge is rich in nutrients and biologically
highly nutritious, it does not constitute a source of odors and potential infection, so
there is no concern for it to be disposed of in a landfill (permanent disposal at the
designated place that is necessary to obtain approval of the institution) or used as
compost for reclamation of agricultural land. Therefore, sludge has no negative
impact on the environment.
Only 28 towns in Serbia have this type of facility for wastewater treatment. The
largest cities in the country, Belgrade, Novi Sad and Niš have utility plants for
wastewater - untreated sewage discharged into the receiving water units.
It is essential that purified municipal wastewater is of satisfactory quality, and
as such, it is discharged into the recipient, which then protects and contributes to the
preservation and protection of the environment.
Experimental investigation was conducted in facilities for wastewater treatment
facilities, "Mitrovićev dom" and "Čarapićev brest" on Avala. Samples of sludge and
municipal wastewater were collected at the inlet and outlet of the plant and their
subsequent physico-chemical and biological analysis was performed in the laboratory
of Department of Ecology, Control and Protection, Department of Biological Studies,
Belgrade Waterworks and Sewerage. Based on the obtained data is defined water
quality and sludge. During the test, series of parameters were considered, such as
nitrates and phosphates, so that the obtained results can evaluate the quality of treated
water and the efficiency of activated sludge in the purification of the same.
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2. EXPERIMENT
To confirm the feasibility of the selected wastewater treatment systems for the
observed locations with a small population and a minimum load ("Čarapićev brest"
and "Mitrovićev dom" on Avala), several experimental tests were carried out.
Specific indicators of quality of municipal wastewater were conducted at the
inlet and outlet of the observed treatment wastewater plant. Also, microscopic
examinations of samples of activated sludge from these plants were preformed.
The experiments include tests:
¾ basic parameters of wastewater taken at the inlet and outlet of the plant: pH,
temperature (T°C), sediment matter (SM), total suspended matter (TSM), oxygen
(O2), biological oxygen demand BOD5, chemical oxygen demand COD,
ammonia (NH3), nitrite (NO2), nitrate (NO3), total nitrogen (N2), sulfate (SO42-),
phosphate (PO4-3), the total organic carbon (TOC),
¾ samples analysis of activated sludge collected from the aeration basin and plant
immediately upon arrival in the laboratory was carried out:
-physico-chemical analysis of the sludge, which involves the determination of
temperature, pH, sediment, sludge volume index, dissolved oxygen and
-analysis of biological parameters of activated sludge, which involves microscopic
examination of live and differentially colored preparations (for Gram, as Neisser-in
was done because there was no chemicals).
The analysis involved the examination of the morphology and composition of
flocks identification and enumeration of bio indicator organisms (protozoa and microinvertebrates) and identification of filamentous bacteria. The material is viewed and
photographed with a light microscope connected to a computer on which the
measurements are made, and photos and videos stored.

Figure 1. Flocks of activated sludge

Quality of the bioactive sludge on the device is monitored daily and its
physical, chemical and biological attributes are assessed by control methods. Its
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biological methods include microscopic examination of flocculates sludge and
determination present Protozoa, Metazoa and filamentous bacteria.
Secondary treatment is mainly carried out under aerobic conditions and that is the
reason why optimal aeration is one of the important factors for the effectiveness of
this procedure.
3. ANALISYS OF EXPERIMENTAL RESULTS
The average percentage reduction in the dominant parameters which defining
the quality and degree of the purification of water is based on the results obtained and
it is presented in Table 1.
The degree of purification can be seen in the percentage reduction in these
parameters.
Percentage values were obtained by purification, so as a first obtained
difference value between the water outlet and inlet, that. OUTPUT-INPUT, and the
resulting value divided by the value of the input x 100% (value obtained differences
Outlet-Inlet/Inlet) x100%.
In Table 1. we can see a summary of the results of the test parameters at the
entrance and exit of the plant, "Mitrovićev dom" and "Čarapićev brest."
The degree of purification of Total suspended matter in the "Mitrovićev dom"
was 34%, and the building "Čarapićev brest" 64%, which is less than the minimum
proposed reduction compared to the input load of wastewater, which is <70%. TSM
limit for municipal wastewater discharged into receiving waters is 100 mg/l, and in
both buildings for purified water that comes out of the plant are obtained mean values
less than the limit value, "Mitrovićev dom" 76.6 mg/l, a "Čarapićev brest" 26.6 mg/l.
The effect of increasing oxygen in the "Mitrovićev dom" is 87%, and the
building "Čarapićev brest" was 75%, which indicates good aeration system.
The degree of purification of Biochemical oxygen demand in the "Mitrovićev
dom" was 60%, and the building "Čarapićev brest" 76%, which is less than the
minimum proposed reduction compared to the input load of wastewater, which is
<70-90. BOD limit for municipal wastewater discharged into receiving waters is 80
mg/l, which was achieved in the "Čarapićev brest" 42 mg/l, while the value obtained
in the "Mitrovićev dom" of 101 mg/l is above the limit.
The degree of purification of Chemical oxygen demand in the "Mitrovićev
dom" was 44%, and the building "Čarapićev brest" 60%. Limit for COD is 125 mg/l
and <70-75% of the effect of treatment. The effect of treatment of 70-75% for COD
in the effluent was not reached, but in the "Čarapićev brest" obtained value of 120.44
mg/l of purified water within specified limits while building "Mitrovićev dom", the
value obtained from 214.18 mg/l much greater than the limit value.
The degree of purification of phosphate in the "Mitrovićev dom" was 42%, and
the building "Čarapićev brest" 61%. Limits are 2 mg/l and <80% treatment effect.
The limit values are not attained, but there is a decrease in the concentration of the
phosphate relative to the influent.
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The degree of purification of ammonia in the "Mitrovićev dom" was 76%, and
the building "Čarapićev brest" 93%.
Table 1. Summary tabulation of results for these parameters
AVERAGE VALUEAT
INLET AND OUTLET
MITROVIĆEV DOM,
INLET
MITROVIĆEV DOM,
OUTLET
% TREATMENT
ČARAPIĆEV BREST,
INLET
ČARAPIĆEV BREST,
OUTLET
% TREATMENT

TSM
(mg/l)

O2
(mg/l)

BOD5
(mg/l)

COD
(mg/l)

PO4ֿ³
(mg/l)

NH3
(mg/l)

Total
N
(mg/l)

115.8

0.86

252

384

15.6

96.6

36.68

76.6

6.74

101

214.18

9.1

23.64

28.28

34%

87%

60%

44%

42%

76%

23%

73

2.02

175

299.14

7.64

39.76

20.88

26.6

8.08

42

120.44

3

2.82

25.36

64%

75%

76%

60%

61%

93%

-21%

The degree of purification of total nitrogen in the "Mitrovićev dom" was 23%,
and the building "Čarapićev brest" -21%. Limit for total nitrogen was 15 mg/l and
<70-80% of the effect of treatment. Concentrations of total N in both buildings are
above the permissible limits.
A smaller proportion of treatment explained by a low sludge load and lack of
nutrients, as well as the summer season and high water temperatures above the
optimum for the operation of micro-organisms.
At the time of sampling, “Mitrovićev dom” is not operating at full capacity, but
it is used minimally, and therefore there was not enough of activated sludge.
4. CONCLUDING REMARKS
Based on the obtained results, it was concluded that the values of the
parameters observed in the plants decreased. Often, insufficient purification effect
was present in samples taken at the time when the wastewater was not significantly
contaminated, therefore, the consequence was the lack of growth and reproduction of
microorganisms in activated sludge. This is especially true on the subject "Mitrovićev
dom" where, during the period of testing wastewater load was minimal and therefore
the microorganisms failed to develop sufficiently.
It can be concluded that the biological method of activated sludge can reduce
the concentration of total suspended matter, BOD5, COD at values less than the
legally prescribed. It was observed that the reduced concentrations of phosphorus and
nitrogen in the effluent, but these values were not sufficient to allow for discharge of
such into natural recipients.
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The reduction of nitrogen and phosphorus in the wastewater treatment below
permissible levels to national and EU standards significantly increases the level of
environmental protection.
Knowledge of the biology of organisms that inhabit the activated sludge is a
basic prerequisite for the successful management of existing technologies and design
of new facilities for treatment. Microscopic analysis of activated sludge are fast and
cheap. The analysis of a single drop of activated sludge, without the use of expensive
chemicals and instruments, makes it possible to get a large amount of information on
the effectiveness of treatment, workload, and creaming agents and potential methods
to solve problems.
Knowledge of the cause at the same time makes it possible to intervene in a
timely and economical fashion, avoiding the cost of implementation of ineffective
measures.
The quality of the activated sludge, and physical characteristics and biodiversity
of flocculates sludge depends on the aeration and concentration of dissolved oxygen
in the aeration tanks.
SBR system is very suitable for medium capacity plants, which is extremely
easy to increase the capacity of the existing system by adding new reactors, and by its
dimensions in comparison with other systems takes up much less space. Plant for
treatment of wastewater does not emit odors, radiation and vibration.
It can be concluded that the system of water treatment using activated sludge
biological methods, leads to a significant repair of wastewater quality. The system is
worthy of investment and usage compared to its cost. Observed treatment system has
a satisfactory purification efficiency for the relevant parameters, while monitoring
and control of technological processes are significantly important.
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ABSTRACT
River basin or part of it, is dynamic system that is constantly acting influential external factors
(entry) establish a system which is its response. These variables during the planning are examined and
the basis of forecast the water quality in the future. Prognosis of water pollution in the river basin is
based on the forecast of development of industry, agriculture and urban complex in a given area. It also
includes the forecast of natural and antropogenic effects on the hydrological regime and therefore
technological opportunities and protection assessmant for the necessary funds required for providing
different users.
In order to estimate the impact of water from tributaries on water quality of the reservoir
Strezevo, and also to seen the level of contamination, in the period from 2001 to 2009, were conducted
physico-chemical investigations of the water of the tributaries of the river Semnica.
Keywords: river basin, river Semnica, physico-chemical investigations.

1. INTRODUCTION
The size of a river is largely dependens on the size of its basin. Large rivers
have large basins. Small rivers have smaller basins. Similarly, the rivers of different
sizes have different susceptibilities to storms and rain. Large rivers rise and descend
more slowly than small rivers. In a small catchment area, the water level of a river is
rising and will likely reduce in minutes and hours. The major rivers may need days to
elevated and reduced water and flooding can last for several days. The amount of
water is constantly changing from day to day, even minute by minute. The greatest
impact on the flow of the water has flow of water from precipitation in the watershed.
Rainfall causes increase of water level of rivers. Water that falls in a basin is taken
away from at the the location of the leak. The amount of water in small rivers and
lakes is constantly changing as a result of inflows and outflows. Inflows coming from
precipitation and tributaries, and expire in areas with groundwater. People also use
surface water for their needs. The amount and location of surface waters are changing
through time and space, naturally or by man. The amount and mode of oscillations of
river waters directly are influenced by precipitation, ie the amount and mode of
precipitation falling on the catchment areas during the hydrological year. way around.
The quality of river waters in the territory of the hydro system Strezevo is monitored
more years. Examining the quality of river water in the tributaries of river Shemnica
is of great importance to the quality of river water Shemnica, whose quality in turn,
directly affects the water of Strezevo reservoir. Along with following the quality of
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river water Shemnica, send and quality of water in its tributaries is followed:
r.Caparska, r.Rotinska, r. Mala reka, r.Dzavatska i r.Bratindolska.

Fig. 1. River Semnica through the village Maloviste

Fig.2. River Rotinska

Fig.3. River Caparska

Fig.4. River Mala reka

2. MATERIALS AND METHODS
For monitoring water quality in the river Shemnica provided for testing there
are two distinctive periods (spring and autumn) and profiles r.Shemnica - under
s.Malovishte, r.Shemnica - under s.Kazhani, r.Shemnica - under s .Dolenci,
r.Shemnica - s.Lera, r.Shemnica - before mixing with the reservoir. Examination of
changes in the composition of the river water Shemnica covers tests physicochemical
parameters: Temeperature of water, dissolved oxygen (mg/ l), free carbon dioxide
(mg / l), pH value, nitrate, nitrite and ammoniacal nitrogen (mg / l), phosphate (mg
/l), potassium permanganate consumption (mg / l), biochemical oxygen demand in 5
days (mg / l). Collection and storage of the material is made with standard
limnological methods (Standards methods for the examination of water and
wastewater, 2005).Measurement of dissolved oxygen was performed with Winkler
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method (Betterr, 1953), pH values with pH meter testo 230, Forms of nitrogen
present as nitrate NO3 –N, amonium NH3 – N and phosphate are determined
spectrophotometricalu on SPEKOL UV VIS. Nitrites NO2 (N) which also belong to
the group of nitrogen compounds are not mentioned because in our analysis below
detection limit.
3. RESULTS AND DISCUSION
It should be emphasized that the frequency of sampling wasn’t the same in all
rivers. Thus, from 2001-2005 was performed analyzing only r.Caprska and
r.Rotinska. In 2006, despite these two rivers, the analysis is analyzing to Mala reka
(which flows through the village Malovishta) and r.Bratindolska, except while in
2007 these three rivers, the site of Bratindolska, Gjavatska took place river. Also in
2008 continued examination of r.Caparska, r.Rotinska, Mala reka and Gjavatska
river. In 2009, research continued on r.Caparska, r.Rotinska and Little River only.
The presentation of the results of physico-chemical analysis of the important
parameters for assessing the quality of the water, it looks like this:
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Fig.5. Graphic view of temperature in the tributaries of the river basin Semnica (2001-2009)

Temperature is one of the most important environmental factors.All complex
dependent from temperature processes that affect water quality in the reservoir
(Kostov, 2006). Observing the temperature of the water in these rivers, we found that
the average annual average temperatures do not differ much. 2007 is characterized by
the lowest water temperatures of 5,100C (r.Caparska i Mala reka). Unlike it was
measured in 2009 and the highest temprature River Caparska (13,10mg / l).The water
temperature has important goal metabolism of aquatic ecosystems. Wotton, 1995).
The concentration of dissolved oxygen in water depends on the partial pressure
and a given temperature. The presence of oxygen in water is necessary for life of
plant and animal organisms. For 2001 and 2002 we do not have data on the
concentration of dissolved oxygen for none of these rivers. In 2003 the measurement
done only in r.Caparska and r.Rotinska, where the concentration was 9,00 - 9,65 mg /
l. Higher values were obtained in 2004 again in the same rivers where the oxygen
concentration was 12,76 mg / (r.Caparska) i 11,78 mg / and (r..Rotinska). In the
years that followed, the concentration of dissolved oxygen was quite high in all
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samples. The lowest oxygen content stated only in 2009g.in r.Caparska which was
7,39 mg / l.

Fig.6. Graphic view of average annual concentrations of dissolved oxygen in the tributaries
of the river basin Semnica (2001-2009)
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Fig.7. Graphic view of average annual concentrations of free carbon dioxide (mg/l) in the
tributaries of the river basin Semnica (2001-2009)

The presence of free carbon dioxide is an important indicator of asimilation and
disimilation processes, as well as the intensity of organic decomposition in water
(Lokoska, 1995). Slightly higher values of free CO2 are obtained in 2008 and 2009
when the highest concentration of CO2 in 2009 is 14,50 mg / l in r.Rotinska as a pick.
13,82 mg / l. The lowest concentration of CO2 of 1,32 mg / l was measured in
r.Caparska during the 2004th. The concentration of free carbon dioxide in aquatic
environments is a function of the biological processes of photosynthesis and
respiration and physical processes such as the mobility of water and temperature
(Goldman & Horne, 1983).
Elektrolitic reaction water expressed as a pH ranging from weak acidity to
weak alkalinity. The lowest pH value of 5.83 has already acidic, is measured in
r.Caparska (2002g.), and the highest of 7.48 in Little River (2009g.).
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Fig.8. Graphic view of average annual pH values in the tributaries of the river basin Semnica
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Fig.9. Graphic view of average annual concentrations of NO3 – N (mg/l) in the tributaries of
the river basin Semnica (2001-2009)

Spektrofotometric determining NO3 (N), suggesting a relatively low value. So,
they moved in the range of 0,0273 mg / l, (Little stench -2008), to 0,8580 mg / l
(Gjavatska River -2008). Nitrite ions represent the inorganic forms of nitrogen found
in water at relatively low concentrations. They are involved in the cycling of nitrogen
in the water and are intermediate products in the first stage of nitrification, or the
oxidation of ammonia to nitrate” (Veljanoska Sarafiloska, 2002). Measurement of
nitrite nitrogen NO2 (N) didn’t show getting some content of this nitrogen form, so
no data on them, because the values are below the limit of detection.
As for the concentration of ammoniacal nitrogen NH3 (N), to 2005g. was not
even noted in one sample. In 2005 we already have specific content of 0,1790 mg / l
(r.Caparska) i 0,2136 mg / l (r.Rotinska). In the coming years, to 2009g.the lowest
concentrations of NH3 (N) is measured in r.Caparska (2008g) which is 0,0788 mg / l,
and the highest in the same year in r.Rotinska (1,7413 mg / l), which is a pick which
stands high. “Phosphorus and nitrogen are the two most limiting nutrients and most
effectively stimulating the production of freshwater and marine ecosystems” (Kassler
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et. Jansson, 1994). Phosphorus is biologically active element running through many
states in aquatic systems, and its concentration in any situation depends on the degree
of metabolic activity (synthesis or decomposition) that run in the system (Lind,
1985).
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Fig.10. Graphic view of average annual concentrations of NH3 – N (mg/l) in the tributaries of
the river basin Semnica (2001-2009)
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Fi
g.11. Graphic view of average annual concentrations of PO4 (mg/l) in the tributaries of the
river basin Semnica (2001-2009)

In all these rivers also obtained and relatively low content of fosfatе. The lowest
concentration of PO4 was measured in r.Gjavatska (0,0172 mg / l - 2007g.), аnd the
highest in r.Rotinska (0,6945 mg / l -2005g.).
High organic content is confirmed in data consumption of KMnO4 were in the
range of 6,12 mg / l (r.Caparska - 2005g.); 23,92 mg / l (r.Rotinska - 2007g.); 25,31
mg / l (r.Caparska - 2007g.); 31,55 mg / l (Mala reka - 2009g.); 21,80 mg / l
(r.Bratindolska - 2006g); 20,31 mg / l (r. Dzavatska -2007g.). Maximum observed at
2007g. the measurement site in Little River, where the concentration of organic
matter reached to 58,37 mg / l.
Such a high concentration of organic matter is probably due to an acute
pollution in Mala reka that runs through the village Malovishta which daily is
exposed to pollution by anthropological factors.
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Biological oxygen expense in 5 days (BPK5), is the information on the intensity
of the decomposition of organic substances in water by the action of bacteria. BOD5
is a widely used parameter for assessing the biological usable organic matter (Tiwari,
1982).
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Fig.12. Graphic view of average annual concentrations KMnO4 demand (mg/l) in the
tributaries of the river basin Semnica (2001-2009)
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Fig.13. Graphic view of average annual concentrations of BPK5 (mg/l) in the tributaries of the
river basin Semnica (2001-2009)

Detected values BPK5 (mg / l) were 0,01 mg / l (Mala reka - 2008g. Samples of
13,44 mg / l, had the highest value of the measurement point in the river Rotinska
2008g. which is representing pic unlike other relatively low values.From the values
obtained for the different concentrations of the individual parameters are determined
significant differences in the amount of values between measuring points in rivers or
tributaries of river Shemnica. Most of these data compared with MKD are under
limits, but they indicate the need for further researches of the tributaries in the
watershed, and the river Shemnica itself which fills the reservoir Strezevo. Samples
that resulted in peak values of individual parameters indicate that it was some
contamination in the corresponding measuring points which is incidental and doesn’t
occur continuously, but is the result of an acute pollution in areas where pollution
made.
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4. CONCLUSIONS
According to interms of nine annual surveys phyisical-chemical indicators of
water tributaries of r.Shemnica it can conclude this:
• Tributaries od r.Shemnica are characterized by a high concentration of
dissolved oxygen in any time of year.
• Variable content of free carbon dioxide tended to growhing from year to year.
• Ingredients of water in these rivers ranges from weakly acidic to slightly
alkaline character.
• The relatively low concentration of nitrate nitrogen in all measuring points of
rivers.
• In terms of amoniate nitrogen,there is some deterioration of water quality
going from year to year.
• Relatively variable concentrations of phosphates, and thus the total
phosphorus.
• A large variability in total organic content, emphasized the same in all rivers.
• Relatively low value of BOD5 with a emphasized pick in 2008.
.
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ABSTRACT
Testing samples were collected from the medulla of healthy oak trees at the site Debeli Lug in
Eastern Serbia, from the association of Quercetum montanum. Over the periods of 2, 4 and 6 months
the wood samples were exposed to influence of the mycelia of the fungus causing cubical brown rot on
oak Coniophora puteana (Schumm. ex Fr.) Karst. Given that static modulus of elasticity provides the
quickest and clearest way to observe destruction caused by epixylous fungi, this paper researched the
decrease in modulus of rupture of Sessile oak wood due to influence of causers of cubical brown rot.
Results of the research have demonstrated that the lowest dispersion of data (coefficient of variation)
occurred in the control group of samples (18.35), while the highest was after 2 and 6 months of
exposure to C. puteana (28.78 and 31.82), which is a consequence of the non-homogenous wood
structure and uneven colonization of wood by the fungus. After 2, 4 and 6 months under the effect of
the fungus, the static modulus of elasticity of oak wood substantially decreased compared to the initial
value (100%) and amounted to 61.07%, 60.61% and 51.38% respectively. The regression line obtained
through data processing opened the possibility to prognosticate the changes of wood properties in
certain time periods of the effect of the fungus under the unchanged external conditions, which is
significant for practical purposes in terms of taking protective measures and wood usability.
Keywords: Modulus of Elasticity, Coniophora puteana

1. INTRODUCTION
Development of the wood processing industry is causing growing demand for
high-quality wood raw materials [14, 18]. This calls for preservation and extension of
wood durability, which is directly linked to preservation of physical, chemical,
mechanical, aesthetical and other properties, according to several authors [7, 8, 15,
21]. Basic structural constituents of wood (cellulose, hemicellulose and lignin) are
distributed in different percentages in different species and parts of trees. There is
thus more cellulose in soft than hard species of trees, in bolewood more than in
branchwood, in early successional species more than in late ones, as discussed by
Miric and Popovic [16].
Oak as a host is colonized by a large number of microorganisms, where a
special place belongs to the research on impact of fungi, particularly those attacking
the core (srcika) as the technically most valuable part of a tree [1, 3, 4]. Through its
enzyme system, the epixylous fungi break down the constituents of wood cell walls,
modify the percentage of their participation and thus directly induce changes of the
wood properties [2, 6, 11]. The agents of brown prismatic rot (to which the
researched fungus C. puteana belongs) disintegrate primarily cellulose, while the
disintegration of lignin occurs in a far smaller extent.
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This paper presents the course of alteration (decrease) of the presence of lignin
in the cell wall, reflected in the decrease of wood bulk modulus of Q. petraea agg.
under the influence of the fungus C. puteana after 2, 4 and 6 months of the incubation
[26, 20, 17].
1.1 Basic Biological Features of the Fungus C. puteana
C. puteana most frequently occurs in humid rooms, such as basements, which
is how it got its colloquial name. It often occurs in mines, warhouses, bridge
constructions, pillars, attacking the timber of both coniferous and broadleaved
species. It causes quick rot on decumbent trees that are not properly insulated. C.
puteana is a saprophyte and the most widely distributed fungus in America and
Europe causing wood decay in buildings, second only to Merulius lacrymans (Jacq.)
Fr. (Syn. Serpula lacrymans Wulfen Fr.).
According to reference sources, the percentage of rot caused by this fungus in
buildings in Europe has risen sharply over the last several years [19, 18]. This might
be a consequence of a hard struggle against this fungus, given that it its highly
resistant to antiseptics and hence among the organisms used in testing biological
efficiency of wood protection agents. In forests it occurs on dead, fallen trees, causing
typical brown rot which in the final stages of decomposition turns the tree almost
black. Sometimes the rot may develop only in the inner part of timber so that the
surface layers remain more or less intact. Cracks in trees caused by exposure to C.
puteana are somewhat milder in the cross section, and although the tree does not
disintegrate like under the influence of M. lacrymans, it does turn so fragile and
brittle that it breaks when touched. In addition to carpophores, fanlike mycelia with
thin black rhizomorphs invariably forms on the surface of trees, making the
symptoms of attack easily noticeable [19].
2. MATERIAL AND METHOD
The substrate used in the research was a 110-year-old healthy tree of Sessile
oak Q. petraea agg., 19 m tall and 35 cm in diameter at breast height. The tree had
been cut in Eastern Serbia, at the altitude of 550 m, on the southern exposition and in
association Quercetum montanum [25]. The analyses were conducted on a log 3.5 m
in length (from the lower part of the trunk to the first live branch), which was
according to the relevant pattern cut into specimens using the standard prescribed
dimensions 2x2x32 cm. The fronts of specimens were smeared with antiseptic paste
so as to prevent penetration of hyphae from that direction, given the small dimensions
of the specimens representing a large beam used for practical purposes. Since the
development of cross-section hyphae is the fastest, if the penetration of hyphae was
enabled from that side, the small specimens would quickly rot and the relevant results
would not be obtained.
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The specimens were dried in a classic drying chamber at the temperature of
103±1 0C and measured with the accuracy of 0.01 g. On control specimens (healthy
wood), the modulus of elasticity was measured on universal machine for testing wood
properties [23, 24]. The specimens to be exposed to the mycelia were conditioned at
approximately 12% humidity. Mycelia C. puteana was resown into plastic Petri
dishes containing malt-agar growing medium of standard concentration. The
experiment used sterilized plastic vessels with lids into which Petri dishes with fully
developed mycelia C. puteana were placed. The petri dishes served as glass carriers (
dimensions 9 x 22 x 35 cm) in order to prevent excessive soaking of moisture from
the growing medium, onto which wood specimens of Sessile oak were placed. On
the top of the stack were petri dishes with 5% water solution of boric acid intended to
induce high relative air humidity.
The dishes were kept in a closed sterilized chamber in the total darkness, and
the temperature was controlled by thermograph throughout the experiment. Over
most of the duration of the research the temperature in the chamber was at about
20°C, with brief time intervals at about 28°C, which are roughly optimal temperatures
for the development of the researched species. Upon the expiration of the relevant
period of incubation (2, 4 and 6 months), the specimens were taken out of the dishes,
cleaned from the surface mycelia, dried in a classic drying chamber at the temperature
of 103±1°C.
By definition, modulus of elasticity is the resistance of a tree to the effect of
concentrated, evenly distributed or combined forces that strive to bend or distort it.
Therefore, the bending pressure is a complex strain consisting of a thrust pressure in
the part of the carrier closer to the action point and the strain pressure at the opposite
side. Between these two zones there is a neutral axe which under the impact of the
load moves towards the side of the strain pressure [22]. Given that the flexural
strength is calculated relative to the cross section of a tree at the point of effect of the
force, before measuring the strength all test tubes were measured across the middle
using a micrometer, with the accuracy of 0.01 mm. The distance between braces was
280 mm, while the test tubes were exposed to the action of a single concentrated
force in the middle of the distance between braces. Modulus of elasticity investigated
with machine for the testing wood properties (TIRA test 2300) with a rotund force
transfer suppressor and a 15 mm radius. The speed of the action of force was uniform,
in the total duration of approximately 2 minutes. All data obtained were processed by
applying the standard statistical methods; destruction results were compared using the
single factor analysis of variance and the least significant difference test for the
control group and the duration of the fungus impact (2, 4 and 6 months).
Statistical data processing was done on absolute amounts - N/mm2, while a
correlation analysis was performed in order to prove the existence of a link between
the time of action of the fungus as the independent variable and change of modulus of
elasticity as the dependent variable.
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3. RESULTS AND DISCUSSION
During the course of their development, the epixilous fungi feeding on basic
constitutional components of the tree alter not only its chemical composition but also
its entire inner structure, which results in a change, i.e. decrease in its mechanical,
physical, aesthetical and other properties. Brown rot agents in wood cause analogous
chemical changes created during the hydrolysis of the tree by mild acids [20].
Through metabolic processes, fungi modify the nutritious matter down to the
molecules suitable to their own life functions.
In order to analyze the changes of wood properties under the influence of
epixilous fungi, it is necessary to provide a brief explanation of the fungi’s need for
nutrients, chemical composition of the tree, as well as changes that occur in the
chemical composition and tree structure under their influence. All wood-decay fungi
are able to use finished products such as free sugars, lipids, peptides and other
primary metabolites. These substances have a crucial impact in the initial phase of
tree colonization. Carbohydrates are the most significant source of carbon in nutrition
of the epixilous fungi. A rich source of carbon lies in the basic structural elements of
the wood cell walls (hemicellulose, cellulose and lignin). Cellulose, which is the most
widely present element on earth, builds the skeletal substance of the cell wall and
represents the most important constituent of wood. The fungus C. puteana in a tree
dissolves primarily cellulose (over 50%), as well as lignin but to a far lesser degree
(approximately 10%) [9, 12].
Dissolution of cellulose does not occur evenly throughout the affected tree,
since hyphae are individual and unorganized. Thus only a few cells are attacked at
first, but their number gradually rises [13]. Moreover, dissolution of cellulose goes
quickly at first and later on slows down, which is a consequence of the effect of the
fungus that first demolishes the free cellulose in the middle layer of the secondary
wall, given that this layer has virtually no impregnation with lignin. As soon as the
fungus gets into the parts of cellular membrane with a higher lignin content, the
dissolution slows down, so that the dissolution of cellulose in the primary wall is the
slowest, as this is where the largest portion of total lignin is incorporated [5]. Changes
of the tree structure are reflected primarily in the modulus of elasticity, with the
process being roughly 2 to 3 times faster in brown rot agents. Basic parameters of the
modulus of elasticity of Q. petraea agg. samples that were exposed to the effect of
the species C. puteana for 2, 4 and 6 months compared to the control are presented in
table 1 and expressed in absolute values.
The table 1 demonstrates that the smallest dissipation of data (variation
coefficient) occurs in the control group of samples (18.35), while the highest is after 2
and 6 months of exposure to the species C. puteana (28.78 and 31.82), which is a
consequence of non-homogenous tree structure and uneven colonization of the tree by
the fungus. The average modulus of elasticity amounts to 156.12 in the control group
of samples, 95.34 after 2 months of exposure to fungus C. puteana, 94.62 after 4
months, and 80.21 N/mm2 after 6 months of exposure. The percentage of decrease of
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the modulus of elasticity of Q. petraea agg. under the influence of the species C.
puteana, compared to the control, is presented in table 2.
Table 1. Modulus of elasticity Reduction (%) under the Influence of the Fungus C. puteana

Number of measurements
Minimum amount
Maximum amount
Arithmetic mean
Standard deviation
Variation coefficient

0
months

2
months

4
months

6
months

30
109.74
205.98
156.12
28.65
18.35

30
47.76
146.98
95.34
27.44
28.78

29
50.64
138.12
94.62
21.90
23.15

30
29.11
120.96
80.21
25.52
31.82

Table 2. Differences in modulus of elasticity of trees (%) exposed to fungus C. puteana
Period of
exposure

0 months

2 months

4 months

6 months

Modulus of
elasticity(%)

100.00

61.07

60.61

51.38

0.46

9.23

38.93
Difference of
modulus of
elasticity
(%)

39.39
48.62

On the basis of results presented in table 2, it is clear that the greatest decrease
of the modulus of elasticity occurs in the first 2 months, i.e., in this period the
modulus of elasticity drops by 38.93% compared to the control. In the period
between months 2 and 4, the process of destruction (decrease of the modulus of
elasticity) slows down and the loss amounts to only 0.46%. In the period between
months 4 and 6 the destruction mildly rises and the modulus of elasticity drops by
another 9.23%.
Therefore, the greatest decrease of the modulus of elasticity of Q. petraea agg.
exposed to the fungus C. puteana occurs during the first 2 months, after which the
process slows down. According to Rayner and Boddy [20], changes of tree properties
under the influence of most brown rot agents are primarily reflected in changes of the
modulus of elasticity and occur immediately following the appearance of first signs
of rot, which is in this case particularly evident. Based on results of T- test, shown in
table 3, it is clear that significant differences occur as early as first 2 months of the
influence of the fungus C. puteana and apply to all tested sample groups, except for
the period between months 2 and 4.
This means that over this period there is no significant loss of the modulus of
elasticity, with the differences being only the consequence of high variability of data,
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not exposure to the fungus. Based on the analysis of breakages of test tubes of Sessile
oak exposed to C. puteana during the process of measuring the modulus of elasticity,
it was found that in the first 2 months a large number of test tubes had smooth
breakages in addition to short-fiber ones. Kruzsik [10] states that a tree with a higher
modulus of elasticity has a long-fiber breakage, with a medium modulus short-fiber
breakage, and with a low modulus a smooth breakage.
Table 3. Modulus of elasticity Reduction under the Influence of C. puteana (T test)
0 months
0 months
2 months
4 months
6 months

2 months

-

4 months

60.7787 61.4962
0.717529
-

6 months

75.9107
15.1320
14.4145
-

- Significant difference at the level of 0.05
Table 4. Correlation analysis of Exposure time to Fungus and Wood Properties
Correlation
Tested property
Model type
Regression equation
coefficient
(r)
Modulus of
Square
elasticity
±0,967378
σs= 151,514 ± 30,6573 x T
function (x)
(σs)

Moduluds of Elasiticity (N/mm2)

Savojna cvrstoca (N/mm2)

The obtained results lead to conclusion that after 6 months of exposure to the
fungus the process of destruction of the tree, although highly advanced, is probably
not completed, meaning that there is a possibility that the cell membrane layers may
still contain the sufficient quantity of cellulose that provides the modulus of elasticity.
Correlation analysis was performed in order to establish a correlation link between
the tested tree properties depending on the time of exposure to the fungus (Tab. 4).
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Figure 1. Regression lines decrease Modulus of elasticity Reduction of wood
Q. petraea in dependent exposed time C. puteana
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The performed correlation analysis of changes in wood properties Q. petraea
agg. depending on the time of exposure to fungus C. puteana leads to conclusion that
there is a strong correlation link between the variables. The regression line presented
in picture 1 makes it possible to predict changes in wood properties over certain time
periods of exposure to fungus, at unchanged environmental conditions.
This is significant for the purposes of practical application, i.e. for protection
measures and wood utility. According to literature sources [18, 20] this property
represents the quickest and clearest indication of destruction under the influence of
epixilous fungi. To this effect, appropriate chemical analyses of wood exposed to
influence of fungi could provide a clearer definition from both qualitative and
quantitative aspect, allowing a comprehensive insight into the course and
consequences of development of fungi in trees.
4. CONCLUSIONS
Based on the research presented, the following most relevant conclusions can
be inferred:
After 2, 4 and 6 months under the effect of the fungus C. puteana, the static
modulus of elasticity of oak wood substantially decreased compared to the initial
value (100%) and amounted to 61.07%, 60.61% and 51.38% respectively. In the
period between 2 and 4 months the process of destruction slowed down and the loss
amounted to only 0.46%. In the period between the months 4 and 6 the destruction
mildly rose and the modulus of elasticity dropped by another 9.23%.
Correlation analysis showed a strong correlation link between the changes
(decrease) in wood properties of Q. petraea agg. and the time of the influence of the
fungus C. puteana. This opens the possibility to use the regression equation in
forecasting modifications in wood properties, depending on the time of exposure to a
fungus, under unchanged environmental conditions.
If a future research would carry out similar experiments on our most significant
tree species against the greatest and most dangerous wood destructors, over a larger
number of monitoring periods, the obtained results could serve as basis for creation of
relevant tables (standards). By cross-referencing the obtained data and conducting
their statistical analysis, we would arrive at the closest approximation of values to be
inserted into relevant tables and applied in practice.
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WATER QUALITY IN THE RIVER SEMNICA
1

Sonja Georgievska1

Public Watereconomy Enterprise “Strezevo” Bitola, Republic of Macedonia

ABSTRACT
The artificial reservoirs of watercourses especially those at higher volume and various types of
pollution, have a range of specifics in relation to river flow and lake classical system.It refers to the
river Semnica which its waterways forms the basic hydrological network of accumulation Strezevo. In
this sense, the purpose of this paper is the examination of water quality in the river Semnica, which is a
function of many physical, chemical and biochemical processes controlled by climate (temperature,
sunlight, etc.), geographic, hydraulic characteristics of the flow and compozitoin water input profile.
For monitoring of water quality in the river Semnica, provided for testing are two distinctive periods
(spring and autumn).Sampling was performed continuously in various measuring points along the river
Semnica from 2001 to 2009. Trough all these years of investigations it is evident the transformation of
water of river Semnica going after its flow in the Strezevo rezervoir. Itselfdeterioration of water quality
of river Semnica, directly causes deterioration of water quality in the reservoir Strezevo.
Keywords: watercourses, physico-chemical processes, reservoir Strezevo.

Fig. 1.Pelister’s mountains rivers

1. INTRODUCTION
Pelister is crisscrossed with many picturesque mountain rivers through which is
clear and cold water. Some of the water flow to Lake Prespa and belong to the
Adriatic basin. From the high mountain valleys surrounding descend 23 river flows.
They have expressive character mountain character. The longest Pelistre’s flow
length of 46 km is the river Shemnica.The river Shemnica arises from two rivers Malovishka rhotic river and river which flow from the northern slopes of
Pelister.Malovishka and Rotska river springs from High Luke Pelister at an altitude of
2080 m, and in river Shemnica flowsin Crna east from viliage Mogila of 580 m
above sea level. It long is 46 km long, catchment covers an area of 325 km2 and has
a relative decline of 32,6 ‰ Its way in Strezevo’s waterway building a dam on the
river Shemnica was built Strezevo reservoir with an area of 460 ha which provides
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for irrigation of 20200 ha of arable land in Bitola field.This accumulation is a useful
volume that enables the provision of the necessary amounts of water for irrigation of
Pelagonia, partly to supplement the required amount of raw water, providing part of
the technological needs of water for industry, protection from flooding
etc.Furthermore, this accumulation is picnic center of Bitola residents and wider
enviroment.Shemnica River to its confluence accumulation in Lera village, passing
through more villages Maloviste, Kazani, Dolenci and Lera. At the confluence of
river Shemnica are villages Rotino, Capari, Gjavato, upper dating and flat.

Fig.2. River.Šemnica

Fig.3.Collecting duct (left) and r.Šemnica

Fig.4. Inflow of the river (right) before mixing with the reservoir Šemnica in the reservoir

The formation of the artificial lake Strezevo, altered conditions for the
realization of a series of processes in the water flow, the importance of water quality
in the system.Of particular interest are the amended terms of mixing water, the
retention time of water in the system and reducing the flow rate by increasing the
depth of water.Changed conditions in the sending and more activities in the
watershed that despite the inadequate measures to protect water quality, leading to
deterioration water quality in input profilI.Analyzing the downstream section of the
river Shemnica a typical system running accumulation whose actions are
implemented processes characteristic of this type of reservoirs with variable retention
time.
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2. MATERIALS AND METHODS
For monitoring water quality in the river Shemnica provided for testing there
are two distinctive periods (spring and autumn) and profiles r.Shemnica - under
s.Malovishte, r.Shemnica - under s.Kazhani, r.Shemnica - under s .Dolenci,
r.Shemnica - s.Lera, r.Shemnica - before mixing with the reservoir.Examination of
changes in the composition of the river water Shemnica covers tests physicochemical
parameters: Temeperature of water, dissolved oxygen (mg/ l), free carbon dioxide
(mg / l), pH value, nitrate, nitrite and ammoniacal nitrogen (mg / l), phosphate (mg
/l), potassium permanganate consumption (mg / l), biochemical oxygen demand in 5
days (mg / l).Collection and storage of the material is made with standard
limnological methods (Standards methods for the examination of water and
wastewater, 2005).Measurement of dissolved oxygen was performed with Winkler
method (Betterr, 1953), pH values with pH meter testo 230, Forms of nitrogen
present as nitrate NO3 –N, amonium NH3 – N and phosphate are determined
spectrophotometricalu on SPEKOL UV VIS. Nitrites NO2 (N) which also belong to
the group of nitrogen compounds are not mentioned because in our analysis below
detection limit.
3. RESULTS AND DISCUSION
Following the waterquality of river Shemnica was practised seasonal - spring
and autumn.High annual values are taken in presenting the results.Although some
parameters show continuite in its content, in others there is great variable going from
one place to another measurement. Temperature is one of the environmental factors
of water quality."It depends on latitude, time of year and the water pools and the
depth, water movement, etc.” ( GrginčevićandPujin, 1986). From thermal regime
depends on all complex processes that affect water in the collecting duct and from
there the water quality in the reservoir.Мeasuring the temperature of the water in the
river is Shemnica has done with mercury thermometerof0,10C.
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Fig.5. Temparature regime in r.Šemnica during its course from s.Maloviste to inflow in the
reservoir Strezevo (2001-2009)
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The lowest measured temperature was 3,750C ( r.Shemnica - s.Kazhani) and the
highest (10,770C) in r.Shemnica before mixing with the reservoir. Oxygen is one of
the parameters crucial for the survival of many aquatic organisms.Following the
concentration of dissolved oxygen through this long period of time there is an
extraordinary legality - a high concentration of oxygen around the time of exploration
without considering all factors. The lowest oxygen concentration of 9,06 mg / l was
observed in 2008 g. (r.Gjemnica - s.Lera) and highest of 13,69 mg / l in the same year
but under s.Kazhani
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Fig.6. Concentration of dissolved oxygen (mg/l) in the r. Šemnica during its course from
s.Maloviste to inlow in the reservoir Strezevo (2001-2009)

The amount of free carbon dioxide in water depends on several factors temperature, air pressure, degree of decomposition of organic matter, repiracion of
aquatic animals and plants.It is one of the important indicators of pollution if its value
rises above limits.“The amount of free carbon dioxide which is the starting and final
component of biogenic metabolic processes is an important indicator of asimilative
and disimilative and and the intensity of decomposition processes of organic
lead"(Lokoska, 2000).
СЛОБОДЕН ЈАГЛЕРОДЕН ДИОКСИД
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Fig.7. Concentration of free CO2 (mg/l) in the r. Šemnica during its course from s.Maloviste
to inlow in the reservoir Strezevo (2001-2009)

The average concentration of free carbon dioxo ranges from 2-4 mg / l.The
lowest values of free CO2 obtained in 2002 in r.Shemnica where measured
concentration of 1,90 mg / l.The highest concentration of CO2 was measured in 2008
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the same measuring point with a value of 14,08 mg / l. pH value ranges from weakly
acidic to weakly alkaline.The highest pH value was recorded in 2008 the metering
point in s.Dolenci. “The reaction pH of water is the result of chemical reactions and
biological activities taking place in akvatic environment (Naumoski, 1994).
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Fig.8. Changes of the pH in the r. Šemnica during its course from s.Maloviste to inlow in the
reservoir Strezevo (2001-2009)

Nutrients are chemical elements which enter the aquatic environment, such that
the nutritional environment is based on the development of water life.From the large
number of nutrients are most important nitrogen, phosphorus, carbon, etc..Nitrogen is
essential for the biosynthesis process within primary production, algae can take the
form of ammonia salts, or fixation of molecular nitrogen (N2)that algae perform
cyanifitae algae.
“The concentration of nitrates in the water, is an important parameter to assess
the extent of autopurification as well as the relationship of nutrients in the water and
bottom”(Kostov, 2006).Concentrations of nitrate nitrogen NO3 (N), are very low in
almost all samples, ranging from 0,0182 mg / l (r.Shemnica - s.Mlovishte) in 2002 to
0,8502 mg / l (r.Shemnica - s .Lera) in 2007.
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Fig.9. Content of NO3-N (mg/l) in the r. Šemnica during its course from s.Maloviste to inlow
in the reservoir Strezevo (2001-2009)

However, in our research NH3-N during 2001 to 2004.wasn’tnoticed. The
transformation of water was observed in 2005 g.at the measuring point s.Dolenci
where measured concentration of 0,3836 mg / l.
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Fig.10. Content of NH3-N (mg/l) in the r. Šemnica during its course from s.Maloviste to
inlow in the reservoir Strezevo (2001-2009)

Control of phosphorus is the most effective way to control primary production
and slowing the process of eutrophication.Circulation of nutrients in aquatic
ecosystems is a very important process that depends on a number of physical,
chemical and biological factors.On the Issues of eutrofikaciskite processes, usually
determines
the
content
of
dissolved
orthophosphate
and
total
phosphates.Spektrofotometric ammonium molybdate method is specific for
ortofosfate ion.
ФОСФАТИ

0.4
0.35
0.3
0.25
0.2
0.15
0.1
0.05
0

2001
2002
2003
2004
2005
2006
2007

р.Шем.с.Малов.

р.Шем.с.Кажани

р.Шем.с.Доленци

р.Шем.-с.Лера

р.Шем.-пред
влив во акум.

2008
2009

Fig.11. Content of PO4 (mg/l) in the r. Šemnica during its course from s.Maloviste to inlow in
the reservoir Strezevo (2001-2009)

The concentration of phosphate is relatively low in all years of study.The
lowest values were obtained for phosphate in 2007. (0,0218 mg / l) in r.Shemnica s.Kazhani and highest in 2005. (0,3456 mg / l) at the same measuring
point.Consumption of potassium permanganate is one of the parameters of the
oxygen regime.It is a measure of the content of organic matter in the water, whether
indigenous or foreign origin.
The content of organic matter in the river Shemnica has large fluctuations.The
average organic content meets the required criteria in most samples, but there are
samples where they reach high peaks.So,the most pick the consumption of KMnO4
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was obtained in 2007. the metering point in s.Malovishte. Lowest organic content was
measured in 2005. in r.Shemnica in s.Dolenci which is 4,59mg / l.
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Fig.12. KMnO4 (mg/l) demand in the r. Šemnica during its course from s.Maloviste to inlow
in the reservoir Strezevo (2001-2009)

The biochemical oxygen demand for five days, BPK5 an important parameter
for the overall assessment of surface water pollution.It shows the amount of oxygen
required for the decomposition of organic matter in the action of microorganisms
(bacteria) for 5 days.
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Fig.13. BOD5 (mg/l) in the r. Šemnica during its course from s.Maloviste to inlow in the
reservoir Strezevo (2001-2009)

A continuous low value that meets the required criteria for a class that belongs
in this river is determined.The lowest value for BOD5 was measured in 2002. in
r.Shemnica - s.Malovishte which is 0,64 mg / l, and the highest of 3,50 mg / l in 2008.
before mixing with river Shemnica accumulation.
4. CONCLUSION
Shemnica River is a tributary of the CrnaRiver, it flows at 580 m
altitude.r.Shemnica. According to the water quality, the classification of river
Shemnica is in the same class as Crna Reka, whose flow belongs - II class.According
to the regulation on Water Classification (Official Gazette of the Republic of
Macedonia No. 18 - 31.03.1999), river Shemnica must meet the required criteria
parameters for class II.However, the values we get give information that some
237

parameters fulfil criteria for class I and the other has variability to V
class.Specifically, according to the concentration of O2 - I class, pH - I class, NO3 - N
- I class, NH3 - N, PO4 od III - IV class, consumption of KMnO4 - II - V class, BPK5
- I - II class.
Through all these years of research, is obvious transformation of water quality
in the river Shemnica following its course to the flow in the reservoir Strezevo.This
river with other Pelister’s mountain river was distinguished by exceptional quality
and was classified in the group of clean mountain water.But over the years and the
development of agricultural production, livestock and anthropogenic influence, its
quality is getting worse year by year.By deterioration of water quality in the river
Shemnica, directly causes deterioration of water accumulation in the Strezevo
reservoir.Therefore, strict measures are necessary to protect both the accumulation
and its waterways.
The obtained results show that the improvement of water quality in the reservoir
Strezevo (which has a multi-activity), it is necessary to take measures to protect the
entrance to the reservoir.
In terms of the protection measures, refinement machines should be
constructed, that must be implemented in the watershed.
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ABSTRACT
This paper contributes to integrated management planning of the Pek river by identifying
pressures on water resources in the Pek river basin. Geographical information systems (GIS) is used to
map the spatial distribution of polluters within the Pek river watershed area identified during the field
research within the Exchange 3 project “Joining Efforts for Protection and Management of the PEK
River”. Exact geographical position on pressures on ground and surface water will help local decision
makers within municipalities sharing the Pek river basin to cope with integrated water resources
management issue in more efficient way.
Keywords: GIS, water resources, polluters

1. INTRODUCTION
Challenges faced by more and more countries in their struggle for economic
and social development are increasingly related to water. Water shortages, quality
deterioration and flood impacts are among the problems which require greater
attention and action. Integrated Water Resources Management (IWRM) is a process
which can assist countries in their endeavour to deal with water issues in a costeffective and sustainable way. It is a process which promotes the co-ordinated
development and management of water, land and related resources, in order to
maximize the resultant economic and social welfare in an equitable manner without
compromising the sustainability of vital ecosystems [1].
By adopting of the EU Water Framework Directive (WFD) in 2000 a legal
framework for Integrated Water Resources Management was established. The
Directive provides for an innovative approach for water management based on river
basins, the natural geographical and hydrological units [2]. The central part of the
Directive is the development of river basin management plans which are the main
tool for achieving of good status in all surface and groundwater in EU Member State
by 2015, respectively by 2027 at the latest. Important part of the of river basin
management plans is pressures identified river basin, which are starting point for
identifying the programme of measures
This paper contributes to integrated management planning of the Pek river by
identifying pressures on water resources in the Pek river basin. Geographical
information systems (GIS) is used to map the spatial distribution of the pressures
identified during the field research which will help local decision makers within
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municipalities sharing the Pek river basin to cope with water resources management
in more efficient way.
2. METHODS
The data on illegal communal landfills, communal waste water discharges as
well as main industrial polluters within the Pek River basin were collected during the
field research, geographically positioned by using device for global positioning Global Positioning System and afterward implemented in Geographic Information
System. The research was preformed within the territory of the municipalities sharing
the Pek river basin: Majdanpek, Kučevo and Veliko Gradište.
3. RESULTS
3.1 Polluters identified within the Pek River basin
Information on 86 localities threatening the water resources within the territory
of Majdanpek, Kučevo and Veliko Gradište municipalities have been collected and
incorporated in the GIS database. Majority of identified localities even 71 are illegal
communal landfills, 15 localities are comunnal waste water discharges. The rest
belongs to the industrila polluters. Location of polluters within the Pek river
watershed area are presented in the Figure 1.
3.1.1 Polluters in Majdanpek municipality
Majdanpek municipality covers an area of about 932 km2, but the catchment
area of the river Pek is approximately 361 km2 occupying the southwestern parts of
the municipality In five cadastral units in Majdanpek through which flow the Mali
and veliki Pek, making Pek River at Debeli Lug, ten illegal dumps has been detected.
Their positions are presented in the Figure 1 while surfaces occupied by each landfill
and geographic coordinates (Gauss Kruger coordinate system, Serbia 7 Zone) are
listed in the Table 1.
Disposing of communal waste has been performed without separation and
recycling on the landfills. Analysis of the waste on the main city landfill shows that
there are great potential for recycling since paper makes 45% of total waste while
PET packaging makes 30 % [3].
Despite many problems local government make efforts to improve waste
management within the majdanpek municipality. Large landfill in Leskovo occupying
surface of 1500 m2 has been remediated while landfill in Debeli Lug by the bridge
has been cleaned up.
Four communal waste water discharges into Pek River have been identified
(Figure 2). There is no data on quantity nor quality of waste water ending up
untreated into Pek river.
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Figure 1. Geographical position of the polluters in the Pek river watershed area

Figure 2. Geographical position of polluters in Majdanpek municipality

Collection of data regarding produced waste or quality and quantity of waste
water in industry still depend on good will of local government or managers in certain
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industry. The only available data about impact of the industry on the quality of the
water in the Pek river are the results of the chemical analysis showing the high
concentration of heavy metals causing mortality of fish and other water wildlife [4].
Agricultural land covers about 18,914 ha of the total area of the municipality,
due to the hilly and mountainous terrain largely dominate meadows and pastures. In
the valley around the roads and rivers of the Veliki and Mali Peka, the lowland-hilly
areas are covered by a small percentage of agricultural and arable land, consequently
the impact of river pollution from agriculture in this part of the Pek river is negligible
Table 1. landfills alongside the Pek river and its tributaries within Majdanpek municipality

Location
Veliki Pek_Debeli Lug
Municipal boundaries Kučevo
and Majdanpek
Village Jagnjilo-Jasikovo
Jasikovo - at the entrance to
the bridge
Veliki Pek - Jasikovo
Forming Veliki Pek- Jasikovo
Veliko Leskovo river-Kraku
Kojuš-former landfills
On the village bridge-Debeli
Lug- village former landfills

Id
number
1

Area

Altitude

10 m2

292.84

X
Y
coord.
coord.
7571571 4915698

5

5 m2

273.85

7568628 4921645

8

100 m2

443.53

7573986 4904903

9

200 m2

420.45

7575622 4905255

10
11

10 m2
5 m2
1000
m2

422.86
413.97

7576088 4905338
7575993 4905193

388.01

7575669 4908366

Cleared

296.20

7572350 4914851

12
13

3.1.2 Polluters in Kučevo municipality
Kucevo covers an area of 721 km2 and the largest part of the Pek catchment
area is located here. Peck runs through 15 villages within the municipality, which has
26 settlements. Locating illegal landfills was conducted along the entire flow through
the municipality from entering into settlement Blagojev kamen, to settlement
Rabrovo, which makes a border with municipality Veliko Gradište. At the 15
locations that have a direct connection with the waters of Pek 51 illegal communal
waste dump has been detected (see figure 4). At these landfills presence of hazardous
waste (medical, veterinary, chemical) has been detected. Positiones of largest
landfills, occupying area of more than 300m2 are presented in Table 2. Existing
treatments and methods of waste disposal in the municipality Kučevo both official
landfill and illegal dumps do not meet even the minimal protection standards and
should be re-cultivated or cleaned uop as soon as possible.
Communal waste water is directly discharged into Pek river without any
pretreatment. Like in Majdanpek municipality data on quantity and quality do not
exist.
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In the urban area on the banks of the Pek ten communal waste water discharges
have been detected. In addition to the urban area, which has a sewage system, all
other settlements and villages have individual septic tanks as the wastewater
collectors. Part of the settlement Rabrovo has built a sewage system and waste water
is discharged without any treatment into the left tributary of the Pek river. In addition
to individual septic tanks there are also collective tanks where wastewater from
several households collects. Septic tanks are constructed as watertight facilities for
temporary storage of waste water because they must be regularly emptied by
pumping their content and its drift to the proper location. Location of the waste water
discharges are presented in the Figure 5.
Table 2. The largest landfills with coordinates alongside the Pek river in municipality of
Kučevo.
Landfills location
Id number
Area
Altitud
X
Y
e
coord.
coord.
Landfill Mustapić on the road
2
124.13 7543274 4935358
1
300 m
towards the plumbing
2
Mustapić, behind the pig farm
2
300 m
130.86 7544404 4935376
Landfill on the slopes of septic
2
136.46 7544037 4935383
3
400 m
tanks,Mustapić
2
City landfill Kučevo
8
500 m
163.78 7554103 4912523
2
Official village landfill-Voluja
10
>500 m 190.94 7562223 4927177
Well of the higher-Rakova Bara
17
500 m2 281.30 7553893 4934624
Village Staro Selo-Turija
22
>500 m2 160.66 7551097 4932922
Landfill near river Pek at the
34
500 m
111.63 7542284 4938764
cemetery- landfill along the length
of the over 50m
Valja Mare cay- at the stadium40
300 m2 141.91 7547564 4931730
Sena
Part of the village Vuković
41
1000 m2 125.33 7545975 4935428
Landfill Kamenjar-Mišljenovac
49
500 m2 163.30 7545230 4932687
along the way

The northwestern parts of the municipality are the best location for the industry,
and mostly all industrial facilities are located in this region with the lowest altitude.
Locations of industry active in Kučevo are presented in the Figure 5. The economic
crisis and the lack of financial investment in industrial plant in the municipality of
Kučevo, has led to the fact that many businesses have been closed. At the entrance to
Kučevo from Belgrade on the right bank of the Pek is the mill "Braća Lazić".
Wastewater from washing grain from the mill is discharged into Pek. The largest
industrial facility located within a settlement Kaona, where the lime pit and quarry
exploitation of the stone, quartz and limestone are located. This Combiners managed
branch US Steel B - Serbia in Smederevo. Data on the exploitation of ore processing
and treatment, waste water discharge, are inaccessible and kept as a trade secret of the
company. It should be emphasized that the quarry is located near the river Pek.
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The largest source of mineral water Duboka voda in the municipality Kučevo is
located in Neresnica settlement which has a capacity of 5 liters of water per second.
About a mile upstream of the water source the factory “Mineral water" doo is
located, where the water is bottled since 2003. Unfortunately, there is no information
about the production process of the factory and generations of wastewater into Pek.
Aluminum center Brams in Rabrovo for the production and processing of metal
products for construction, covers an area of 10000 m2 where a petrol station is also
located. The data on the production process and waste water treatment are not
available. Union MZ Požareva, company for the production of meat and meat
products, is also situated in Rabrovo. Wastewater from the slaughterhouse without

any treatment is discharged into the sewerage system of the village, which reaches the
Pek River.
Figure 5. Geographical position of polluters in Kučevo municipality

Agricultural land covers almost 35 300 h, which accounts for half of the total
area of the municipality. Agriculture is the main economic sector, which is
characterized by the livestock and crop production. Half of the agricultural land
belongs to cropland, about 17 062 h.
Therefore pesticides and fertilizers are threats to water resources that cannot be
ignored.
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3.1.3 Polluters in Veliko Gradište municipality
Municipality of Veliko Gradište covers an area of 344 km2 and is the smallest
municipality in the rive which does not diminish the importance of the river, bearing
in mind its confluence with the Danube, characterizing by extraordinary
characteristics of biological diversity, especially as habitats of rare and endangered
birds.
During the field research in total 7 landfills has been detected where also
belongs the city's main landfill, located only 600 meters from the river Pek. This
landfill is not regulated nor fenced.
It occupies an area of about 20 acres without any performance of separation of
waste and recycling of waste. In addition to the landfill there are six locations of
illegal dump sites, and three of them are are located within a settlement Veliko
Gradiste, also close to the river flow. In settlements Kusiće, Tribrode and Srednjevo
the rest of illegal dumps are located, which are caused by the lack of a public utility
company to organize garbage collected in containers and performe the transportation
to the main landfill. Location of the landfills are presented at Figure 6.

Figure 6. Geographical position of polluters in Veliko Gradište municipality

Economic activities are based on agricultural production, and the industrial
sector is not of significant importance for pollution of water resources. Almost 80%
of the territory of the municipality are represented by arable land. Therefore
groundwater are polluted by nitrogen, phosphorus, potassium and other chemical
elements due to excessive and improper use of pesticides and fertilizers. The impact
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of livestock farming on water resources is also important. At only 1.2 km from the
flow of Pek river in a settlement Požežno, a large cattle farm is located. Waste water
from the farm is accumulated in the septic tanks that cover area of 25500 m2 [4].
4. CONCLUSION
The main environmental problems identified in the Pek river watershed area are
communal and industrial waste waters, discharged into the Pek river or its tributaries
without any treatment, uncontrolled and improper use of agrochemicals in agriculture
especially in Veliko Gradište and Kučevo as well as irregular or absence of organized
collection of municipal solid waste. What is more, uncontrolled waste disposal by
local people onto the shores and into the river courses directly is the consequence not
only of unorganized communal services but is also consequence of low ecological
awareness of local people.
Implementation of all data on the main water resources’ polluters in GIS helps
decision makers at local level and experts to develop environmental management
plans more efficiently and afterwards to monitor their implementation regularly
renewing and upgrading the developed GIS database.
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ABSTRACT
This paper is based on biodiversity research results within the project "Joint Efforts for the
Protection and Integrated Management of the River Pek", which is financially supported within the
Exchange 3 Programme, by the European Union Delegation to the Republic of Serbia. The aim of the
project was the improvement of the water resources management in the area of the Pek river basin
through training of local government representatives, public enterprises and civil society to create and
implement integrated river basin management plan.
The final result is the River Pek Project Management Plan in accordance with the EU Water
Framework Directive which is, among other things, based on the identification of wetlands associated
with the river Pek and assessment of the habitat types of high nature value.
The presence of those rare, endangered species in certain habitat types in the basin of the River
Pek provides a good basis for their protection and preservation. The confluence of the Pek into the
Danube is the most important site in terms of conservation of bird fauna and ichthyofauna and
therefore deserves special protection measures.
Keywords: ecologically valuable habitats, biodiversity, the Pek river, protection and conservation

1. INTRODUCTION
Recognizing the importance of planning the integrated river basin management,
the municipality of Veliko Gradiste initiated the project "Joint Efforts for the
Protection and Integrated Management of the River Pek", in partnership with
municipalities Majdanpek, Kucevo, Slovenian municipality Poljcane and the civil
society organization Union of Ecologists UNEKO, Belgrade, which is funded within
the Exchange 3 Programme by the European Union Delegation to the Republic of
Serbia. With the assistance of more experienced partner from the EU, municipality of
Poljcane, the municipalities of Veliko Gradiste, Kucevo and Majdanpek, that share
the basin of the river Pek, have created the Integrated River Pek Basin Management
Plan, which will be a strategic instrument essential for cooperation between
municipalities on the protection and sustainable use of natural resources located in the
river Pek basin.
By capacity building of local government, public utility companies, civil
society organizations for the preparation and implementation of the Integrated River
Pek Basin Management Plan as well as involving all stakeholders in the planning
process, such as tourism organizations and enterprises whose goal is to develop the
local economy and local residents, representatives of educational institutions and
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industry, a participatory approach was applied in the planning process. This ensures
that a community drives initiative to protect natural resources and provide a sense of
ownership among all stakeholders, ensuring success in planning and later in the
implementation process.
The River Pek Management Plan has been made as the final result of the
Project. It is based on the identified pressures on water resources in the Pek basin, the
monitoring results of the chemical quality of surface and underground waters, results
of the economic analysis of water use as well as review of the biodiversity in this
area.
2. METHODS
Field studies of biodiversity in the river Pek basin were organized within the
activities related to the identification of wetlands associated with the river Pek and
assessment of the habitat types of high nature value. A total of 15 sites were explored
in the area that covers the upper middle course and mouth of the river Pek into the
Danube.
The research covered the entire flora and fauna of the wetlands. The literature
data for the area of the Municipality of Majdanpek, as well as data obtained from
field research conducted in 2003 were used for the purpose of analysis. Field
research was conducted in September 2011. Collected plant material was examined
and herbarised.
Localities along the river basin in close proximity of the stream were located by
using the global positioning device, GPS (Global Positioning System). A digital
photo camera was used too, in order to accomplish the best possible visual effect.
Each location was marked with GPS dot, which was assigned to the navigational
coordinates (geographic coordinates X, Y).
Geographic Information System of the Pek river is primarily conceived as the
Integral Cadastre of Polluters Database. However, a combination of data on
biodiversity, pollutants polluters, results of chemical analyzes of water and spatial
geographic references to the three municipalities, is created universal information
system which contains a number of diverse data in one place, accompanied by
visuals. The information system of the Pek river would serve as a basis for further
research, development of various analysis and assessment on the ecosystem of the
river, monitoring and management of natural resources, planning future activities and
rehabilitation of the current situation of vulnerable sections of the flow.
2.1. The map of endangered flora and fauna in the Pek river basin
Figure 1 shows the map of endangered flora and fauna in the basin of the Pek
river, ie. quantitative presence of endangered flora and fauna in sites. GPS dots of the
located sites where the data on biodiversitywere registered, marked in green color on
the map. Endangered flora and fauna is presented according to national and
international categories of endangerment.
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Figure 1. The map of endangered flora and fauna in the Pek river basin

3. RESULTS AND DISSCUSION
3.1. Flora and fauna
From the representatives of flora, the total of 355 species of different
syntaxonomical affiliation, as well as different forms of life forms and florogenetic
affiliation were noted. Within the vegetation, special attention was given to water and
riparian higrophyte communities.
Within the fauna, representatives of ornithofauna, batrachofauna, herpetofauna,
lepidoptera fauna and entomofauna are noted. Presence of 184 species, of which the
most birds, 85 species, 22 species of mammals, 11 species of reptiles, 10 species of
amphibians and 56 species of invertebrates are registered.
3.2. The presence of rare and endangered species of flora
The largest number of plant species belongs to a group of taxa with wide
distribution (cosmopolitan and eurivalent species), however, the presence of
significant species is observed too: endemic species and relicts, which represent the
plants of international significance for the preservation the gene pool and
biodiversity.
Within the group of Balkan endemic species at the researched field, the
presence of the following species is recorded: Coryllus colurna, Ostrya carpinifolia
(locations Kucevo- Sena, Rabrovo, Ljesnica, Debeli lug, Blagojev kamen).
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Prominent representatives from the relict Tertiary age are typical
representatives of submersed, flotant and emersed hydrophytes: Butomus umbelatus,
Coryllus colurna, Ostrya carpinifolia, Trapa natans (water earthnut), Salvinia natans
(water fern). The presence of typical hydrophytes Butomus umbelatus, Trapa natans,
Salvinia natans is registered at the confluence of the Pek river. The relics of the
Tertiary are also forest species Hedera helix (ivy) Vitis vinifera (wild grape) and
Humulus lupulus (hops).
For the purpose of the vulnerability assessment of plant and animal species
were used national and international criteria. Rare and endangered species are
protected in Serbia, by a series of laws and regulations. The most important
regulations governing the protection of plant and animal species in Serbia are:
Regulation on Proclamation and Protection of Strictly Protected and Protected
Species of Wild Plants, Animals and Fungi (“Official Gazette of the Republic of
Serbia”, Issue 5/10), Decree on Control of the Use and Trade of Wild Flora and
Fauna (“Official Gazette of the Republic of Serbia”, Issues 31/05, 45/05, 22/07,
38/08, 9/10) and the Decree on the Protection of Natural Rarities (“Official Gazette
of the Republic of Serbia”, Issues 50/93 and 93/93).
Regulation on Proclamation and Protection of Strictly Protected and Protected
Species of Wild Plants, Animals and Fungi includes 45 plant species in the
researched area, of which three species Agrimonia eupatoria (locality of Debeli lug),
Callithriche stagnalis (locality of the mouth of the Pek river into the Danube river)
and Callithriche palustris (localities of Debeli lug, Blagojev kamen), are included
into the category of strictly protected species. Decree on Control of the Use and Trade
of Wild Flora and Fauna puts under protection 37 plant species which are allocated
by their importance as melliferous, medicinal plants and plants of special economic
and medical importance.
IUCN Red List of Threatened Species is the most authoritative source of
information on the conservation status of species in the world, based on precise
scientific criteria, objective system for assessing the risk of extinction. Many plant
and animal species which are found Serbia are specified at the European and World
Red List, as well as on the national red lists.
There are 9 taxa, at both species and subspecies levels, recorded at the
examined area and listed in the ”Preliminary Red List of Flora of Serbia and
Montenegro, with the status of endangerment, according to IUCN criteria in 2001
“(Stevanović, 2002): Anthyllis vulneraria, Brassica elongata, Callitriche palustris,
Callitriche stagnalis, Corylus colurna, Cyperus glomeratus, Heracleum sphondylium,
Orchis morio, Salix pentranda. Critically endangered species (EN) are Callitriche
palustris, Callitriche stagnalis, while the other listed species are in the category of
vulnerable species (VU).
On the European Red List (IUCN, 2011 IUCN Red List of Threatened Species.
Version 2011.2), are 40 plant species, mainly in category least Concern (LC).
In the Annex I of the Convention on the Conservation of European Wildlife and
Natural Habitats - Bern Convention, as strictly protected, the following species are
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listed: Salvinia natans, Trapa natans. They cover certain surface at the mouth of the
river Pek and create a thick aquatic coverings.
3.3. The presence of rare and endangered species of fauna
Many bird species important in the national and international levels, could be
found in the researched area, as expressed by their presence on the corresponding
lists, regulations and conventions.
Due to a pronounced downward trend in the number of many bird species in
Europe during the last decades of the 20th century, a system of criteria for the
identification of bird species which need the coordinated conservation measures at the
European level is developed (Species of European Conservation Concern – SPEC).
From the identified species of birds we emphasize the presence of species in the
category SPEC 1 (European species of global importance because they are globally
endangered, dependent on conservation measures or they lack sufficient data):
Phalacrocorax pygmaeus (Pygmy Cormorant), Haliaetus albicilla (White-tailed
Eagle), Aythya nyroca (Ferruginous Duck ). Among the species of great importance
are the following: Larus ridibundus (Black-headed Gull), Anas platyrhynchos
(Mallard), Tachybaptus ruficollis (Little Grebe), Ceruleus Parus, Parus major (Great
Tit), Buteo buteo (Buzzard), Ardea cinerea (Gray Heron ), Egretta alba (Great White
Egret) and Motacilla alba (White Wagtail). The presence of these birds was recorded
mainly at the confluence of the Danube and the Pek, which is conveniant for birds’
nesting and feeding.
37 bird species require special measures for protection the habitat according the
Bern Convention (Convention on the Conservation of European Wildlife and Natural
Habitats). From the recorded bird species 2 species are in Appendix I1 of the Bonn
Convention - Convention on the Conservation of Migratory Species of Wild Animals:
Haliaeetus albicilla (White-tailed Eagle), Aythya nyroca (Ferruginous Duck). 10
species are listed in Annex II2 of the Bonn Convention: Platalea leucorodia (The
Eurasian Spoonbill), Sterna hirundo (Common Tern), Phalacrocorax pygmaeus
(Pygmy Cormorant), Pandion haliaetus (Osprey), Merops apiaster (European beeeater), Ixobrychus minutus (heron), Fulica atra (coot), Ciconia ciconia (White Stork),
Chelidonias niger (black tern), Ardea purpurea (white heron). In Appendix II3 of
1

Appendix I Conventions represent a list of endangered migratory species for which it is necessary to
re-establish habitats, remove, compensate or reduce the negative effects and obstacles that complicate
or disable migrations, as well as prevent, reduce or repress endangering or potentially endangering
influences
2
Appendix II is a list of migratory species with unfavorable conservation status and which
conservation and use requires international treaties, or species for which conservation status would
significantly improve with international treaty.
3
Appendix II contains a list of species which, although not endangered, could become so if their
traffic is not strictly limited (regulated) in a way which provides compatibility between use and
survival.
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CITES Convention - Convention on International Trade in Endangered Species of
Wild Fauna and Flora the following bird species are listed: Accipiter gentilis,
Accipiter nisus, Buteo buteo, Circus aeruginosus, Falco tinnunculus, Pandion
haliaetus, Platalea leucordia, Strix aluco, Tyto alba. Haliaeetus albicilla is found in
Appendix I of CITES as a species which is in danger of disappearing under the actual
or potential impact of trade. Acording the Directive 2009/147/EC of the European
parliament and of the Council on the Conservation of wild birds (Annex I)4, protected
species are: Troglodytes troglodytes, Sterna hirundo, Platalea leucorodia,
Phalacrocorax pygmaeus, Haliaeetus albicilla, Lanius collurio, Pandion haliaetus,
Nycticorax nycticorax, Ixobrychus minutus, Emberiza hortulana, Fringilla coelebs,
Egretta alba, Circus aeruginosus, Ciconia ciconia, Chelidonias niger, Ardea
purpurea, Accipiter gentili, Accipiter nisus. In the Annex to II5 of the Directive on the
Conservation of wild birds the following species are listed: Tringa nebularia, Pica
pica, Phasianus colchicus, Limosa limosa, Larus ridibundus, Larus cachinnans,
Garrulus glandarius, Gallinula chloropus, Fulica atra, Cygnus olor, Columba
palumbus, Columba oenas, Aythya ferina, Ardeola ralloides, Anas querquedula,
Anas platyrhynchos, Alcedo atthis.
Pursuant to the Regulation on the proclamation and protection of strictly
protected and protected wild species of plants, animals and fungi ("Official Gazette of
RS", no. 5/10), 57 species of birds belongs to the category of strictly protected. By
Decree on the Protection of Natural Rarities Regulation (Official Gazette of RS no.
50/93 and 93/93) 44 species of birds are protected.
On the Red List of endangered species by IUCN6 there are 19 species of birds.
The most abundant group of mammals are rodents (Rodentia). Typical residents
usually found in or near aquatic habitats are Arvicola tererestris (water vole) and
Ondatra zibethica (muskrat). Microtus agrestis (swampy meadow voles) can be
found on wetlands.
Representatives of families of mice are Apodemus sylvaticus (wood mouse),
Micromys minutus (dwarf mouse), which is a strictly protected species under the
Regulation on the proclamation and protection of strictly protected and protected wild
species of plants, animals and fungi ("Official Gazette of the RS", no. 5/10), Mus
musculus (the domestic mouse) and Ratus norvegicus (rat).
All kinds of insectivores are protected species under the Regulation on the
proclamation and protection of strictly protected and protected wild species of plants,
animals and fungi ("Official Gazette of RS", no. 5/10) and are provided in the Annex
II. Sorex araneus and Talpa europaea are protected by the Decree on the Protection
of Natural Rarities ("Official Gazette of RS", no. 50/93 and 93/93). Threatening
factors for this very vulnerable group of mammals are changes in environmental

4

Annex I contains a list of bird species with special conservation measures and for which sale,
transport for sale, keeping for sale or any other form of exploitation is prohibited.
5
Annex II and III contain a list of bird species which can be used under strictly regulated rules.
6
IUCN 2011. IUCN Red List of Threatened Species. Version 2011.2
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factors of the habitat due to degradation of natural forests and the ground floor as well
as the pollution of aquatic habitats.
In the entire area there are also species from the meat eaters order (Carnivora):
Vulpes vulpes (fox), Mustela putorius (skunk) and Mustela nivalis (weasel). Mustela
putorius and Mustela nivalis are protected by the Berne Convention on the
Conservation of European Wildlife and Natural Habitats (Annex III)7, and Vulpes
vulpes is found in Appendix II of the Regulation on proclamation and protection of
strictly protected and protected wild species of plants, animals and fungi ("Official
Gazette RS ", no. 5/10.) In Veliko Gradiste Martes martes (marten) can be found, and
Martes foina (marten) can be found on the location Debeli lug. Martes martes is
mentioned in Appendix III of the Bern Convention.
There are 11 species recorded in the reptile fauna, of which the most important
are: Emys orbicularis (European pond tortoise), Testudo hermanni (forest turtle),
Natrix natrix (Grass Snake), Natrix tessellata (Fishing Boats), Coronella austriaca
(Smooth Snake), Vipera ammodytes (Viper), Lacerta agilis (Sand Lizard), Lacerta
viridis (Green Lizard), Podarcis muralis (Wall Lizard). Among the listed species
nearly all are protected by the Bern Convention and are provided in Annex II. Species
Coronella austriaca, Emys orbicularis, Lacerta agilis, Lacerta viridis, Natrix
tessellata, Podarcis muralis, Testudo hermanni and Vipera ammodytes are protected
by the Directive on the protection of natural habitats and of wild fauna and flora
92/43/EEC (Annex IV). Most of these species are strictly protected by Regulation on
the proclamation and protection of strictly protected and protected wild species of
plants, animals and fungi ("Official Gazette of RS", No. 5/10) and Testudo hermanni
and Vipera ammodytes are protected by Decree on Control of the Use and Trade of
Wild Flora and Fauna (“Official Gazette of the Republic of Serbia”, Issues 31/05,
45/05, 22/07, 38/08, 9/10).
Amphibian fauna is represented with 10 species. The most abundant component
in batrachofauna are four species in the family Ranidae: Rana dalmatina (Tree Frog),
Rana esc. Complex (Frog), Rana ridibunda (Big Green Frog), Rana temporaria (Frog
Lawn). This frog species are protected by the Decree on Control of the Use and
Trade of Wild Flora and Fauna (“Official Gazette of the Republic of Serbia”, Issues
31/05, 45/05, 22/07, 38/08, 9/10), and are also included in the Regulation on the
proclamation and protection of strictly protected and protected wild species of plants,
animals and fungi ("Official Gazette of RS", no. 5/10). All four species are protected
by Directive on the protection of natural habitats and of wild fauna and flora by
92/43/EEC too, and Rana dalmatina and Rana ridibunda are listed in Appendix II of
the Bern Convention.
In addition to the listed species from among tailless amphibians, following
species are also recorded: Hyla arborea (The European Tree Frog), Bufo bufo
7

Annex III contains a list of animal species which should be subject of special law and management
measures, including close season and other measures for regulating exploitation, as well as temporary
or local bans on need basis and regulation of trafic and keeping.
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(Common Toad) and Bombina variegata (Yellow-Bellied Toad). All the three species
are strictly protected by the the Regulation on the proclamation and protection of
strictly protected and protected wild species of plants, animals and fungi ("Official
Gazette of RS", No. 5/10), and Hyla arborea and Bombina variegata are listed in
Appendix II of the Bern Convention and in Annex IV of the Council Directive
92/43/EEC on the Conservation of natural habitats and of wild fauna and flora. In the
group of tailed amphibians following ones are recorded: Triturus vulgaris (Common
Newt), Triturus alpestris (Alpine Newt) i
Salamandra salamandra (Fire
Salamander). Triturus vulgaris is protected by the Directive 92/43/EEC on the
Conservation of natural habitats and of wild fauna and flora and is listed in Annex II.
3.4. The Major Pressures on Biodiversity
The main threat to biodiversity is pollution of the river caused from
uncontrolled waste disposal. The river Pek where once panned for gold, and that used
to be a small tourist attraction in Eastern Serbia, today is very polluted. In the absence
of landfills, throwing various types of waste and dead animals in the river is
threatening for the entire ecosystem and wildlife that depend on the river ecosystem.
One of the biggest problems is the leaching of tailings from copper mine in
Majdanpek. Perennial exploitation of copper are resulted in the presence of the large
amount of waste in Majdanpek, which is not managed. Due to the presence of a
certain amount of copper minerals and dropping evaluation of other useful minerals
mining ores, huge amounts of dangerous waste are generating, because the natural
leaching of heavy metals are converted into the solution and are due to surface and
groundwater, polluting the land and over the plants entering food chain. Pollution of
groundwater, and thus endangering biodiversity is coused by the excessive use of
fertilizers, pesticides and herbicides in agriculture.
Wild disposal sites, which are result of a disposal of waste, with its surface, the
amount and heterogeneous composition significantly affect the environment, directly
on the air pollution, water pollution, soil pollution, human health, quality of life,
changing the microclimate, reducing biodiversity. Organic waste from agricultural
crops is often burned in the fields, which is the cause of forest and field fires,
impacting negatively on forest vegetation.
Besides primarily autochthonous species in forest communities in places on the
edges of the river embankment, the presence of a number of allochthonous invasive
species is noted (Phytolaca americana, Fallopia japonica, Acer negundo – Box
Elder, Populus euroamericana, Amorpha fruticosa - Indigo Bush, Fraxinus
pensylvanica – Green Ash).
Invasive species are a major threat to the autochthonous community. Introduced
species of o plants disrupt the ecological stability of the natural ecosystems, by
changing the structure of natural communities and biotope and threatening the
survival of natural flora and fauna. They are present in forest communities from the
lowest to the highest elevations and grade thick bushes. Populus euroamericana is
planted on private land and is a possible serious problem for ecosystems along the
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watercourse. Invasive species are one of the most important factors for the reduction
and loss of biodiversity. Various anthropogenic impacts degrade habitats with native
vegetation, destroying their natural structure and enhancing the maintenance and
spread of invasive species. According to the Convention on Biological Diversity
("Official Gazette of SRJ", International Treaties, No. 11/2001) we have an obligation
to prevent the spread of, or, if necessary, undertake measures for the destruction of
invasive species.
3.5. Identification of the ecologially valuable habitats
Because of the construction of Hidropower Djerdap and raising the level of the
Danube, at the confluence of the Pek was formed a bay, which soon became a great
habitat for many bird species and is the most important site in the conservation of bird
fauna and ichthyofauna. The presence of many internationally important bird species
and significant plant species of aquatic and wetland habitats, represents a sufficient
argument to initiate protection of the river Pek delta. The delta of the confluence
represents of suitable habitat for nesting and feeding the many bird species and is
very suitable for fish hatchery. Deterioration of habitat conditions where these birds
nest or feed is the main cause of the disappearance of these species. Therefore
appropriate measures of protection must be applied, and the delta itself declared as a
protected area in accordance to the Law on Nature Protection ("Official Gazette of
RS", no. 36/2009, 88/2010 and 91/2010).
However, before there is a possibility implement measures of active protection
of areas and habitats where a large number of endangered and rare species of birds,
especially those of international importance, it is necessary determine the species
diversity of birds, their distribution, establishing migratory status and phenology,
abundance and continuous monitoring. The problem in Serbia is that partial
protection of biodiversity is restricted to protected areas.
General standards for the assessment of biodiversity based on the criteria for
determining endangerement of species of the International Union for Conservation of
Nature (Red List and Red Data Book of IUCN), significant botanical areas (Important
Plant Areas in Europe - IPA), significant ornithological habitats (Important Bird
Areas - IBA) as well as the categorization of habitats (CORINE and Natura 2000) in
accordance with the Directive 92/43/EEC on the conservation of natural habitats and
of wild fauna and flora (Annex I). This would allow the conservation of the habitats
of the most important and most representative biodiversity. Previous experience in
the protection of biodiversity have shown that without adequate habitat protection
does not have adequate protection of biodiversity at the species and genetic level.
4. CONCLUSION
For the purposes of preservation of aquatic and wetland habitats, which are
essential to maintain the optimal number and vitality of the population of rare and
endangered species, beside the implementation of measures related to solving the
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problem of illegal dump sites and wastewater problems, which are severe threat to the
biodiversity, it is necessary to undertake the following measures:
• Preserve water and wetlands in as more natural state as it is possible and prevent
their further conversion to other habitat types, such as agricultural or industrial areas.
• Maintain favorable water regime, biological and physical - chemical properties of
water, the composition and concentration of nutrients in water and soil.
• Provide a variety of habitat by conservation of unfortifies banks and sandbanks.
• Conduct regular monitoring of biodiversity and adapt measures to protect the new
conditions.
• Propose an estuary of the Pek and Danube rivers to obtain national protection status,
which would give the legal framework for the promotion of the area through proper
management.
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ABSTRACT
This paper presents the results of a survey in Bogatić municipality that explored the attitudes of
individuals towards quality and pressures on natural resources as well as preferences for solving
existing environmental problems.
The results of the survey demonstrate a reasonable level of local people awareness regarding
natural resources quality and quantity within territory of Bogatić municipality. On the other hand, the
results show that local people are not knowledgeable enough of the main threats facing Bogatić ׳s
natural resources. Ecological awareness of local people within Bogatić municipality should be
increased particularly in the field of water resources protection as well as interconnections among
proper waste management, use of pesticides and treatment of waste water on one side and quality of
drinking water on the other, in order to increase their capability in decision making process regarding
environmental protection at local level.
Keywords: local people, environmental protection, Bogatić municipality

1. INTRODUCTION
Public participation in environmental decision-making is increasingly becoming
regarded as a democratic right (and is enshrined as such in the United Nations
Economic Commission for Europe’s 1998 Arhus Convention), and this right is
increasingly being used by proliferating environmental interest and pressure groups
[1]. The goal of participation is to improve quality, legitimacy and capacity of
environmental assessment and decisions. When done well it can lead to better results
in terms of environmental quality and other social objectives (2).
There are three forms of public participation: information supply, consultation
and active involvement. The purpose of this paper is to consult the public in Bogatić
municipality regarding quality of natural resources, main environmental threats and to
identify priorities that should be solved. What is more the paper aims to identify level
of ecological awareness of local people as starting point for drafting of program for
community based environmental related education campaign.
2. METHODS
The research was conducted during November and December 2013, and three
data collection methods were employed, namely surveys, open-ended interviews and
review of published literature. Survey was conducted with a sample of 166 randomlyselected local people. Survey questions covered attitudes toward natural resources
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quantity, quality, main endangering actors, environmental related priorities that
should be solved as well as efficiency of local government concerning environmental
protection.
3. RESULTS
Eighty- four men (51%) and eighty-two women (49%) were interviewed. The
age of respondents ranged from 16–80 years: 16-18 (33%), 18 – 29 (31%), 30- 40
(7%), 40 – 49 (7%), 50 – 59 (16%), 60 – (8%). The education level was also different
and ranged from primary to high school level, with majority respondent with
secondary education level.
The most endangered resource in opinion of 33% of respondent is land, but
according to the 22% of respondents it is water resources, while only 8% regards
forest as most endangered natural resources (see Figure 1 )

Figure 1. Ranking of most endangered resources in local people opinion: The land is most
endangered natural resources according to the 33% of respondent.

Respondents were asked to assess quality of air, land, tap water, water from
water courses, quality of flood defense, landfills management, industrial waste
management, sewage system and forest coverage on the scale from the very good to
the extremely poor.
The quality of air, land and tap water is good according to the majority respondent
(40-45%) (Figure 2)
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Figure 2. Percentage of respondent that regard quality of environmental management in
different sectors as good

Industrial and communal waste management are of poor quality for 36% and
35% of respondents respectively. Flood defense is poorly managed for 26% of
respondents (Figure 3).

Figure 3. Percentage of respondent that regard quality of environmental management in
different sectors as poor.

In the category of the very poor management is communal waste water for 52%
of respondents, while 23% of respondents regard industrial and communal waste
management as very poor (Figure 4).
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Figure 4. Percentage of respondent that regard quality of environmental management in
different sectors as very poor.

The results of the survey show that local people are capable of indentifying
main environmental threats within the territory of Bogatić municipality in objectively
way.
Lack of sewerage infrastructure and wild landfills are the main threats to the
environment according to the opinion of majority respondents (21% and 19%
respectively).

Figure 5. Main environmental threats according to local people opinion.

Concerning environmental threats that should be solved as priority 35% of
respondent pointed out waste water and sewerage infrastructure, for 32% of
respondent it is communal waste while even 12 % of respondent regard cleanness of
urban areas as priority that should be dealt with (Figure 6).
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Figure 6. Priorities to be solved regarding local people opinion

The results also suggest that the public are skeptical of the ability of
government to manage the natural resources and protect environment within the
territory of Bogatić municipality in proper way. More than 50% of respondent assess
efficiency of local government as average, 15 % as poor while 7% as very poor
(Figure 7).

Figure 7. Efficiency of local government according to the opinion of local people

4. DISCUSSION
The results of the survey show that local people are aware of the natural
resources present within the territory of Bogatić municipality. When it comes to the
environmental threats the situation is different. Generally speaking respondents are
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aware of the main environmental threats. According to the majority these are waste
water and improperly managed communal and industrial waste. The fact implying
that local people knowledge about exiting source of pollution is not good enough is
relatively law percentage of respondents (21% - waste water and 19% - solid waste)
capable of recognizing the biggest environmental treats. Having in mind that Bogatić
municipality does not have sewerage infrastructure nor system for treatment of waste
water underground water resources are heavily endangered [5]. Pollution of
underground water is not identified as environmental problem at all.
There are 79,46% of agricultural land within Bogaić municipality, thus
agriculture is dominant economic activity and more than 50% of population is rural
[3]. The results of survey regarding agricultural land are expected up to certain point.
According to the 45% of respondents agricultural land is the most abundant natural
resources and at the same time the most endangered resource in opinion of 33% of
respondents. On the other hand, land protection is not at all among environmental
priorities identified by local people while controlled use of pesticides has been
identified as priority by only 0.7% of respondents.
Quality of drinking water is very good. Results of all chemical and biological analysis
of drinking water were in line with proposed standards in 20012 and sampling were
preformed twice a month by Institute for public health from Šabac [4]. That is the
reason for recognizing quality of drinking water as good by more than 40% of
respondent. Concerning water supply only urban area of municipality (settlement of
Bogatić) is connected to water supply infrastructure while people from rural areas get
water from wells [3]. The opinion of only 17% of people that upgrading of water
supply network should be priority action could be explained in two different ways.
One is that local people are satisfied with the water supply from individual wells and
see other environmental problems as bigger. The other explanation is that local
people are not aware at of underground water pollution and do not see connection
between over usage of pesticides, communal waste water and drinking water.
Solving problem of communal waste is for 32% of respondent priority action,
which turned out to be a quite low having in mind the fact that there is no one
sanitary landfill in Bogatić municipality. Communal waste is collected on central
landfill or temporary smaller landfills within the territory of each local community
[6].
5. CONCLUSION
The results of the survey demonstrate a reasonable level of local people
awareness regarding natural resources presence within territory of Bogatić
municipality. They are quite aware that Bogatić municipality is reach in natural
resources, especially in agricultural land, but at the same time they know that
resources are exhaustible if not properly managed.
The results of the survey shows that local people are knowledgeable of the main
threats facing Bogatić ׳s natural resources, but low percentage of people were able to
prioritize main environmental threats i proper way.
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The results also suggest that the public are skeptical of the ability of government to
manage the natural resources and protect environment within the territory of Bogatić
municipality in proper way.
All in all ecological awareness of local people within Bogatić municipality
should be increased in particular in the field of water resources protection and
interconnections among proper waste management, use of pesticides and treatment of
waste water on one side and quality of drinking water on the other in order to increase
their capability in decision making process regarding environmental protection at
local level. In addition to that efficiency of local government with regard to natural
resources management and environmental protection should be improved.
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ABSTRACT
Levels of physicochemical parameters (pH, electrical conductivity, sulphates, chlorides,
temperature, turbidity, total hardness, iron, manganese and copper) were determined in the water
samples collected from Pek River. The three municipalities share the Pek River basin - Veliko
Gradište, Kučevo and Majdanpek. Monitoring was done at the source of river, on the border between
the municipalities Majdanpek and Kučevo, on the border between the municipalities Kučevo and
Veliko Gradište and at the confluence of Pek into Danube river. Some of the physicochemical
parameter values fall within WHO and national standard limits, some are not. The results of
physicochemical analysis showed that heavy metals and sulphates were present in the water samples in
exceeded values during all seasons. Therefore it is necessary to take appropriate preventive measures
in order to prevent further pollution of the Pek River and for the benefit of local people.
Keywords: Pek River, physicochemical parameters, water quality

1. INTRODUCTION
Pek River is tributary of the Danube and located in southeastern Serbia. The
three municipalities share the Pek River basin - Majdanpek, Kučevo and Veliko
Gradište. Pek is a gold-bearing river, and is also known as the Zlatni (Golden) Pek. It
forms at the confluence of two rivers Veliki i Mali, and empties into the Danube in
the territory of the Veliko Gradište. It is a 129 km long, average water flow is 8.5
m³/sec. The present system in management of the Pek River basin and other natural
resources is quite inconsistent and poorly organized for the environment, particularly
in terms of industrial activity. Increasing water pollution causes not only the
deterioration of water quality, but also threatens human health and the balance of
aquatic ecosystems, economic development and social prosperity [1]. This study is
derived from the results of activities of the project "Joint efforts for the protection and
management of the Pek River". The overall objective of this project dealed with the
improvement of integrated protection and management of natural resources in three
municipalities that share the Pek River basin Majdanpek, Kučevo and Veliko
Gradište [2]. One of the activities undertaken so far was the field and laboratory
analysis of surface water quality. In the basin of the Pek River on the territory of three
municipalities Majdanpek, Kučevo and Veliko Gradište in the process of developing
project "Joint efforts for the protection and management of the Pek River" were
identified a large number of illegal dumps, sewage and industrial effluents - the
majority of untreated wastewater. As for the rural areas in all three municipalities, it
should be noted that there is not one built sewerage network (wastewater collector),
but that all households have individual septic tank, which is a direct risk of
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groundwater contamination. Open pit mine - mine Majdanpek represents a major
threat to water quality of Pek River. Similar problems arise for other industrial
enterprises such as factories of gold jewelry and copper pipe factory.
2. EXPERIMENTAL
2.1. Sampling Sites
Water samples were collected separately from each of four sampling sites of the
river, spanning a period from November to May. Monitoring was done at the source
of river, on the border between Majdanpek and Kučevo municipalities, on the border
between Kučevo and Veliko Gradište municipalities and at the confluence of Pek into
Danube River. Air temperature, water temperature, pH, electrical conductivity (EC),
sulphates, chlorides, turbidity, total hardness, iron, manganese and copper) were
determined at four locations along the flow.
Table 1 contains data about 4 sampling sites along the Pek watercourse.
Measurements were carried out in November (date of sampling 8.11.2011.),
December (7.12.2011.), January (23.1.2011.), March (20.3.2012.), April (29.4.2012.)
and May (27.5 .2012.).
Table 1. Sampling sites
Sampling
sites/Location
1
2
3
4

Description of sampling sites
Confluence of Pek into Danube River. 100 km upstream (Veliko Gradište
municipality)
Below the village Rabrovo near the bridge in Klenj (border between Kučevo and
Veliko Gradište)
Upstream from the village Blagojev Kamen (border between Majdanpek and
Kučevo municipalities)
30 meters downstream from the confluence of Mali Pek River and Veliki Pek
River (source of river, Majdanpek municipality)

2.2. Analytical methods and equipment
For the determination of pH, water temperature, and air temperature used
equipment and instruments for field analysis. Measurements of other parameters were
performed in the laboratory in the Veliko Gradište which is set within the project
"Joint efforts for the protection and management of Pek River". The following
equipment and instruments were used for field analysis: air temperature and pH were
measured with a LaMotte pH 5 Series Meter (pH value range 0.0-14.0, accuracy
±0.01, pH and air temperature range 0.0-100.0 °C, accuracy ±0.5 °C) calibrated with
buffer solutions pH 4.01, 7.00 and 10.00; water temperature, electrical conductivity
(EC) with a Hach HQ40d Digital Multi-Parameter Meter with automatic temperature
calibration (water temperature range 0.0-80.0 °C, accuracy ±0.5 °C; EC range 0.1 μS200 mS, accuracy±0.5%). In order to determine sulphates, chlorides, turbidity, total
hardness, iron, manganese and copper, a portable laboratory LaMotte Smart Water
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Analysis, Model SCL-05, with LaMotte Smart2 calorimeter and Spectrophotometer
DR 2800 Hach Lange were used [3,4]. Blanks were run through all experiments to
detect any contamination.
For assessment of the quality of water, following regulations were used:
Regulations on the parameters of the ecological and chemical status of surface waters
and the parameters of the chemical and quantitative status of groundwater, Official
Journal of RS, No. 74/2011; Regulation on dangerous substances in the water,
Official Journal of SRS, No. 31/82; Regulation on water classification, "Official
Gazette of SRS", No. 5/68; Regulation on classification of inter-republic water flows
and interstate waters and coastal sea waters of Yugoslavia, Official Journal of SFRJ,
No. 6/78 [5-8].
3. RESULTS AND DISSCUSION
Water temperature ranged between 3.6 and 12 °C during the measurements,
while air temperature ranged between – 1 and 27 °C (Figure 1 and 2). Cold water
holds more oxygen than warm water. Thermal pollution raise water temperatures.
This leads to lower oxygen levels and weakens many insects and fish.
pH is a measurement of the acidity or basic quality of water. At extremely high
or low pH levels (for example 9.6 or 4.5), the water becomes unsuitable for most
organisms. The present study shows the normal range of pH (Figure 3). The observed
pH of Pek River ranged from 7.9 to 8.4 in November; from 7.4 to 8.2 in December;
from 8.1 to 8.5 in January; from 7.9 to 8.4 in March; from 8.0 to 8.2 in April, and 8.0
to 8.1 in May, which means that pH of the water is within range of the 1st class of
waters according to Regulations on the parameters of the ecological and chemical
status of surface waters and the parameters of the chemical and quantitative status of
groundwater, Official Journal of RS, No. 74/2011 and Regulation on water
classification, "Official Gazette of SRS", No. 5/68 [5-7].
Electric conductivity (EC) in water is affected by the presence of inorganic
dissolved solids such as chloride, nitrate, sulphate, and phosphate anions, or sodium,
magnesium, calcium, iron, and aluminium cations. It is important to note that there is
a difference in the read values of EC depending on the sampling location. Thus,
Figure 6 shows that the minimum value of EC measured in sample sites 1 and 2 and
the highest values of EC were measured in sample sites 3 and 4. The highest EC was
measured in locations 3 and 4 in November and December (Figure 4).
Values for water turbidity were ranged from 0.8 to 11.4 NTU in November;
from 1.04 to 167 NTU in December; from 7.65 to 218 NTU in January; from 3.8 to
32 NTU in March; from 2.5 to 138 NTU in April, and in the range of 7.45 to 201
NTU in May. As can be seen in Figures 5 the highest turbidity measured in location
4 (200 meters downstream from the confluence of the Little Big Pek).
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Figure 1. Air temperature

Figure 2. Water temperature

Figure 3. pH value

Figure 4. Electric conductivity

High sulfate content were measured in all the samples, which ranged 260-538
mg/l in November; 234-571 mg/l in December; 163-339 mg/l in January; 254-601
mg/l in March; 245-612 mg/l in April; and 158-310 mg/l in May. The highest content
of sulfate was measured at locations 3 and 4 (Figure 6). Upon the recommendation of
the EU (Directive 98/83/EC) and according to national regulation on hygienic
drinking water, content of sulfates in drinking water are limited to 250 mg/l. In the
case of the sulfate content in the surface waters there is no permissible level in
national legislation. As regards the maximum sulfate concentration in effluents that
flow into the surface water, allowed concentrations in different countries vary in the
range of 150-2000 mg/l.
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Figure 5. Turbidity

Figure 7. Hardness

Figure 6. Sulfate

Figure 8. Chlorides

Water having hardness value in the range 18-30 ° dH are hard water, while the
water having a hardness above 30 ° dH are seen as very hard water. Water samples
from locations 1 and 2 belong to hard water and water samples from locations 3 and 4
belong to the hard and very hard water, as shown in Figure 7. According to the
content of chloride (Figure 8), Pek river may be classified as 1st class of water [5] at
all locations.
According to Regulation on dangerous substances in the water [8], waters of the
st
1 and 2nd class may contain maximally 0.3 mg/l of iron and 0.1 mg/l of copper,
while waters of the 3rd and 4th class may contain maximally 1.0 mg/L of iron and 0.1
mg/l of copper. The content of dissolved iron in the water at locations 1 and 2 in the
samples collected in every month was present in an amount corresponding to the 1st
and 2nd class of waters, while at the location 3 the samples collected in the November,
January, March, May content of iron was in amount corresponding to 3rd and 4th class
of waters. In the samples collected in December and April, the content of dissolved
iron in the water was in an amount that exceeds the iron content determined for 3rd
and 4th class of waters. The content of dissolved iron in the water at the location 4 in
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the sample collected in November belongs to the 3rd and 4th class, while in samples
collected in all other months iron was present in an amount that exceeds the iron
content determined for 3rd and 4th class of waters.
The content of dissolved copper in the water at all sites in the samples collected
in November and December is present in an amount that exceeds the copper content
specified for 3rd and 4th class of waters. In samples taken in January, the copper
content exceeds the maximum allowable concentration defined for class 3rd and 4th at
locations 3 and 4, while at locations 1 and 2 recorded amount of copper belongs to 1st
and 2nd class of waters. In March content of copper in water exceeds the maximum
allowable concentration defined for class 1st and 2nd class at sites 2, 3 and 4, while at
location 1 recorded amount of copper corresponds to 1st and 2nd class of water. In
April, the copper content exceeds the maximum allowable concentration defined for
3rd and 4th class at sites 1, 3 and 4, while the at location 2 recorded amount of copper
corresponds to 1st and 2nd class of waters. In samples taken in January, the copper
content exceeds the maximum allowable concentration defined for 3rd and 4th class at
sites 3 and 4, while at locations 1 and 2 recorded amount of copper, corresponds to
class 1st and 2nd class of water. In May, the copper content exceeds the maximum
allowable concentration defined for 3rd and 4th class at sites 1, 3 and 4, while at
location 2 recorded amount of copper corresponds to 1st and 2nd class of waters [8].

Figure 10. Content of copper

Figure 9. Content of iron

Figure 11. Content of manganese
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The allowable upper limit for manganese in drinking water by the Regulation
on hygienic correctness of drinking water [9] is 0.05 mg / l, while the WHO
recommendations to a maximum of 0.4 mg / l of manganese in drinking water. The
manganese content in the samples ranged from 0.06 to 1.07 mg / l in November,
ranged between 0.07 and 4.44 mg / l in samples taken in December, ranged between
0.06 and 0.95 mg / l in samples taken in January, ranged between 0.06 and 1.23 mg / l
in samples taken in March, ranged between 0.06 and 0.9 mg / l in samples taken in
April and ranged between 0.08 and 1.0 mg / l in samples taken in May. The largest
amount of manganese was detected at sites 3 and 4.
4. CONCLUSIONS
According to the Regulation water classification, "Official Gazette of SRS",
No. 5/68 [8], Pek River is classified into the 2nd class of water quality which is
suitable for bathing, recreation and water sports. Based on the results from this study
it could be concluded that the water quality of Pek River is uneven, and that certain
parameters correspond to the 1st and 2nd class, but in locations 3 and 4, the quality
corresponds to the 3rd and 4th class. The alarming fact is that the amount of dissolved
iron and copper in water at locations 3 (border between Majdanpek and Kučevo
municipalities) and 4 (confluence of Mali Pek and Veliki Pek - source of Pek River)
in most cases exceeds the content of the iron and copper specified for 3rd and 4th class
of waters.
At locations 1 and 2, the content of copper and iron was significantly lower
than at locations 3 and 4, suggesting that the Majdanpek are the biggest potential
generators of pollution in the Pek River. It could be assumed on the basis of current
exploration, the largest anthropogenic impact on the water quality of the Pek River
have wastewater from copper mine, factories, gold jewelry and copper pipe factory
located in Majdanpek. It is therefore necessary to take appropriate preventive
measures in order to prevent further pollution of the Pek River and to improve the
current situation. It is necessary to develop utility infrastructure in all settlements in
the Pek watershed, including construction of sanitary landfills and wastewater
treatment systems to treat wastewaters from households and commercial entities.
Also, it is necessary to examine the impact of Mali Pek and Veliki Pek River and
other effluents to the water quality of Pek River.
Acknowledgments
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ABSTRACT
The concentrations of dissolved oxygen (DO), oxygen saturation, biochemical oxygen demand
(BOD), chemical oxygen demand (COD), total suspended solid (TSS) ammonium nitrogen (NH3-N),
total nitrogen (TN) and orthophosphates were determined in the water samples collected from Pek
River. It was registered elevated concentrations of suspended matter, ammonium nitrogen and
orthophosphate. These results are part of the research related to the sampling of surface waters which
were done in the framework of the project “Joint efforts for the protection and management of Pek
River” IPA 2007,07SER01/02/41, 2011. For a more detailed assessment of the physicochemical water
quality parameters of the Pek river and cause-effect relationships between pollutants and the
occurrence of exceeding the allowable values of the analyzed physicochemical parameters, in future
research is necessary to do a more detailed analysis, in terms of their emission and origin in relation to
the natural conditions of pollution (geological, hydrogeological, hydrological and pedological
characteristics of the terrain).
Keywords: Pek River, dissolved oxygen, nutrients, water quality

1. INTRODUCTION
Pek River is constantly exposed to hazardous pressure from the economic
structure of the following municipalities - Veliko Gradište, Kučevo and Majdanpek.
The highlights industrial sector includes the following production- mining, basic
metals, mechanical, electrical and optical equipment, as well as food and beverage. In
the industrial sector there are no systemic solutions for waste water and waste
disposal. The greatest influence on pollution of water resources is waste within the
industrial complex exploitation of mineral resources, but also a large number of dump
and wastewater treatment, especially in neighborhoods where not developed sewage
system. Looking at the entire region of Bor, which belongs to the municipality of
Majdanpek, mining is the biggest source of solid waste. The large-scale and longlasting exploitation of copper ore (and copper concentrate, magnetite, lead and zinc),
produced in Majdanpek large amount of waste that is not being managed properly. It
creates a huge amounts of waste that are dangerous, because the heavy metals are
translated into a solution and reach the surface and groundwater. In the Bor region are
also the industry of metal processing, the factory of copper tubes and lumber
industry. Veliko Gradište is represented by the food industry and by the production of
metal constructions. In Kučevo, there are smaller deposits of lead, zinc and iron, also
there is a production of lime and quartz and the early exploitatin of gold and coal.
The degree of pollution of water resources will depend on the structuralgeological, hydrogeological and hydrological characteristics of the terrain, which
requires detailed geological, hydrogeological and hydrological studies, both field and
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laboratory. The following section will show some of them, which relate to sampling
surface waters.
2. EXPERIMENTAL
2.1. Sampling Sites
Water samples were collected separately from each of four sampling sites of the
river, spanning a period from November to May. Monitoring was done at the source
of river, on the border between Majdanpek and Kučevo municipalities, on the border
between Kučevo and Veliko Gradište municipalities and at the confluence of Pek into
Danube River. Air temperature, water temperature, contents of dissolved oxygen
(DO), oxygen saturation, biochemical oxygen demand (BOD), chemical oxygen
demand (COD), total suspended solid (TSS) ammonium nitrogen (NH4-N), total
nitrogen (TN) and orthophosphates were determined at four locations along the flow.
Table 1 contains data about 4 sampling sites along the Pek watercourse.
Measurements were carried out in November (date of sampling 8.11.2011.),
December (7.12.2011.), January (23.1.2011.), March (20.3.2012.), April (29.4.2012.)
and May (27.5 .2012.).
Table 1. Sampling sites
Sampling
sites/Location
1
2
3
4

Description of sampling sites
Confluence of Pek into Danube River. 100 km upstream (Veliko Gradište
municipality)
Below the village Rabrovo near the bridge in Klenj (border between Kučevo and
Veliko Gradište)
Upstream from the village Blagojev Kamen (border between Majdanpek and
Kučevo municipalities)
30 meters downstream from the confluence of Mali Pek River and Veliki Pek
River (source of river, Majdanpek municipality)

2.2. Analytical methods and equipment
For the determination of water temperature, air temperature and the dissolved
oxygen used equipment and instruments for field analysis. Measurements of other
parameters were performed in the laboratory in the Veliko Gradište which is set
within the project "Joint efforts for the protection and management of Pek River".
The following equipment and instruments were used for field analysis: air
temperature were measured with a LaMotte pH 5 Series Meter (0.0-100.0 °C,
accuracy ±0.5 °C); water temperature, dissolved oxygen (DO) and oxygen saturation
with a Hach HQ40d Digital Multi-Parameter Meter with automatic temperature
calibration (water temperature range 0.0-80.0 °C, accuracy ±0.5 °C; DO range 0-20
mg/L, accuracy ±0.01 and oxygen saturation range 0 to 200%, accuracy ±1%). In
order to determine oxygen demand (BOD), chemical oxygen demand (COD), total
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suspended solid (TSS) ammonium nitrogen (NH4-N), total nitrogen (TN) and
orthophosphates, a portable laboratory LaMotte Smart Water Analysis, Model SCL05, with LaMotte Smart2 calorimeter and Spectrophotometer DR 2800 Hach Lange
were used [1,2]. Blanks were run through all experiments to detect any
contamination.
For assessment of the quality of water, following regulations were used:
Regulations on the parameters of the ecological and chemical status of surface waters
and the parameters of the chemical and quantitative status of groundwater, Official
Journal of RS, No. 74/2011; Regulation on dangerous substances in the water,
Official Journal of SRS, No. 31/82; Regulation on water classification, "Official
Gazette of SRS", No. 5/68; Regulation on classification of inter-republic water flows
and interstate waters and coastal sea waters of Yugoslavia, Official Journal of SFRJ,
No. 6/78 [3-6].
3. RESULTS AND DISSCUSION
Water temperature controls the rate of all chemical reactions, and affects fish
growth, reproduction and immunity. Dissolved oxygen (DO) is one of the most
important parameter. Its correlation with water body gives direct and indirect
information e.g. bacterial activity, photosynthesis, availability of nutrients,
stratification etc. Water temperature ranged between 3.6 and 12 °C during the
measurements, while air temperature ranged between – 1 and 27 °C (Figure 1 and 2).
The results of measurements of dissolved oxygen and oxygen saturation are shown in
Figures 3 and Figure 4. DO in our study ranges from 9.5 to 12.8 mg/l. When DO is
used as the parameter for water status evaluation, Pek river may be classified as 1st
class of water [3-5] at all locations. According to Regulation on water classification
Regulation on classification of inter-republic water flows and interstate waters and
coastal sea waters of Yugoslavia [5], waters of the 1st class have oxygen saturation
which ranges between 90 and 105, waters of the 2nd class have oxygen saturation
which ranges between 75 and 90, and oxygen supersaturation which ranges between
105 and 115. When oxygen saturation is used as the parameter for water status
evaluation, Pek river may be mainly classified as 1st class of water, except for
samples from November at all locations, samples from December at locations 1 and
3, sample at location 1 from April, and sample at location 4 in May.
Except sanitary wastewater and many types of industrial wastewater, there are
also nonpoint sources of suspended solids, such as soil erosion from agricultural and
construction site. As levels of total suspended solids (TSS) increase, a water body
begins to lose its ability to support a diversity of aquatic life. Suspended solids absorb
heat from sunlight, which increases water temperature and subsequently decreases
levels of dissolved oxygen (warmer water holds less oxygen than cooler water). Some
cold water species, such as trout and stoneflies, are especially sensitive to changes in
dissolved oxygen. Photosynthesis also decreases, since less light penetrates the water.
As less oxygen is produced by plants and algae, there is a further drop in dissolved
274

oxygen levels. TSS can also destroy fish habitat because suspended solids settle to the
bottom and can eventually blanket the river bed.

Figure 1. Air temperature

Figure 2. Water temperature

Figure 3. Concentration of dissolved oxygen

Figure 5. Total suspended solids

Figure 4. Oxygen saturation

Figure 6. Biochemical oxygen demand

275

Suspended solids can smother the eggs of fish and aquatic insects, and can
suffocate newly-hatched insect larvae. Suspended solids can also harm fish directly
by clogging gills, reducing growth rates, and lowering resistance to disease. Changes
to the aquatic environment may result in a diminished food sources, and increased
difficulties in finding food. Natural movements and migrations of aquatic populations
may be disrupted. Most standards for water quality consider water with a TSS
concentration less than 20 mg/l to be clear. Water with TSS levels between 40 and 80
mg/l tends to appear cloudy, while water with concentrations over 150 mg/l usually
appears dirty. The nature of the particles that comprise the suspended solids may
cause these numbers to vary.
According to Regulation on water classification [4] and Regulation on
classification of inter-republic water flows and interstate waters and coastal sea
waters of Yugoslavia [5], water samples from location 1 and 2 (November,
December, January, March, April) belong to the 1st class of water, whereas from
location 3 (November, December, January, March, April) belongs to the 2st class of
water according to the content of suspended solids in the water. Water samples from
location 1 (May) belongs to the 2st class of water, and samples from locations 2 and 3
belongs to the 3rd class of water according to the content of suspended solids. The
water samples from location 4 is out of class during all months in which the
measurement was done, and have been measured higher content of suspended solids
than those concentrations that are allowed to water quality for 4th class of water (100
mg/l). As can be seen from Figures 5, the highest content of suspended solids
measured at location 4 (200 meters downstream from the confluence of the Little Big
Pek).
Biochemical oxygen demand (BOD) is a measure of organic material
contamination in water, specified in mg O2/l. BOD is the amount of dissolved oxygen
required for the biochemical decomposition of organic compounds and the oxidation of
certain inorganic materials (e.g., iron, sulfites). Typically the test for BOD is conducted
over a five-day period. Chemical oxygen demand (COD) is another measure of organic
material contamination in water specified in mg/L. COD is the amount of dissolved
oxygen required to cause chemical oxidation of the organic material in water. Both BOD
and COD are key indicators of the environmental health of a surface water supply. As
can be seen from Figures 6 and Figure 7 water samples in all months had BOD and COD
values corresponding to the 1st class of water, according to Regulations on the
parameters of the ecological and chemical status of surface waters and the parameters of
the chemical and quantitative status of groundwater [6].
Figures 8-10 presented the content of nutrients (ammonia nitrogen, total
nitrogen and orthophosphate) in water samples. Due to the lack of the permitted level
of national legislation for the content of total nitrogen (TN) it was used ICPDR
recommendations. According to the ICPDR criteria of water with the maximally
content of total nitrogen of 1.5 mg/l belong to the 1st class, and the water that have a
total nitrogen content in the range of 1.5-4 mg/l belong to 2nd class. The content of
total nitrogen in water samples ranged from 1.2 to 2.1 mg /l in November, ranged
from 1 to 2.4 mg /l in December, ranged from 1.8-2.8 mg/l in January, ranged from
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from 1.2 to 1. 9 mg/l in March, ranged from 1.3-2.1 mg/l in April, and ranged from
1.4 to 2.3 mg/l in May, on the basis of which it can be concluded that the water of the
Pek River does not contain high concentrations of total nitrogen.
According to Regulations on the parameters of the ecological and chemical status
of surface waters and the parameters of the chemical and quantitative status of
groundwater [3] and Regulation on dangerous substances in the water [6], waters of
the 1st and 2nd class may contain maximally 0.05 mg/l and 0.1 mg/l of ammonia
nitrogen (NH4-N). The values of NH4-N in samples taken from the location 1
(November, December, January, April and May) belong to the 1st class, while the
sample was sampled in March belongs to 2nd class of water. The values of ammonium
ions in the samples taken from the location 2 in all the months belong to 2nd class.
The values of NH4-N in the samples from location 3 in May belong to 2nd class, while
samples taken in November, December, January, March, and April belong to 3rd
class. The values of NH4-N in the samples taken from the location 4 for all months
can be classified into class 3rd.
Orthophosphates, also known as reactive phosphates, are a main constituent in
fertilizers used for agriculture and residential purposes. Also, orthophosphates can be
carried into streams and lakes through run-off. Orthophosphates found in natural
water provide a good estimation of the amount of phosphorus available for algae and
plant growth. This is the form of phosphorus that is most readily utilized by biota.
Concentrations of orthophosphate in the water samples were varied and ranges from 0
to 0.23 mg /l. It was registered elevated concentrations of orthophosphate in the
location 4, while values of orthophosphate in the samples taken from locations 1 and
2 in all the months belong to the 1st class. Values of orthophosphate in the samples
taken from the location 3 in all the months belong to 2nd class. Values of
orthophosphate in the sample sampled from location 4 in May belong to 2nd class,
samples taken in November, December and April belong to 3rd class, while the values
of orthophosphate in the samples taken from location 4 in January and March belong
to 4th class.

Figure 7. Chemical oxygen demand
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Figure 8. Total nitrogen

Figure 9. Ammonium nitrogen

Figure 10. Orthophosphates

4. CONCLUSIONS
According to the Regulation water classification, "Official Gazette of SRS",
No. 5/68 [4], Pek River is classified into the 2nd class of water quality which is
suitable for bathing, recreation and water sports. Based on the results from this study
it could be concluded that the water quality of Pek River is uneven, and that certain
parameters correspond to the 1st and 2nd class, but in locations 3 and 4, the quality
corresponds to the 3rd and 4th class.
It was registered elevated concentrations of suspended matter, ammonium
nitrogen and orthophosphate. Values of suspended solids during all months at
location 4 exceeded the allowable values for 4th class of water. Also at location 4
registered elevated concentrations of ammonium nitrogen (3rd class), and elevated
concentrations of orthophosphates (3rd and 4th class). Water quality in terms of
nutrient content at other locations is satisfactory and belongs to 1st and 2nd class. The
measurements showed that according to the content of dissolved oxygen, BOD and
COD content the water quality corresponds to 1st class.
For a more detailed assessment of the physicochemical water quality
parameters of the Pek river and cause-effect relationships between pollutants and the
occurrence of exceeding the allowable values of the analyzed physicochemical
parameters, in future research is necessary to do a more detailed analysis, in terms of
their emission and origin in relation to the natural conditions of pollution (geological,
hydrogeological, hydrological and pedological characteristics of the terrain). From
the point of detailed hydrogeological research, it is needs to be done hydrogeological
map and a map of vulnerability (estimated degree of pollution of groundwater and
surface water in relation to natural conditions), as well as parallel sampling and
physico-chemical analysis of surface and groundwater (from wells and piezometers)
pre-selected locations. In this way, we help determine the direction of groundwater’s
movement and the emission and immission of pollutants.
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ABSTRACT
Widespread contamination of the environment and its negative impact on forest ecosystems has
led to a deterioration of forest health and reducing their biological sustainability. Unfavorable
anthropogenic factors, such as air pollution, lead to biochemical responses in trees. Changes in the
amounts of secondary metabolites may be early indicators of an injury and damaging effect of
pollution. In this paper content of α-pinene in essential oil of Pinus nigra growing near the Avala
Tower in Belgrade have been studied. Essential oil was obtained by hydrodistillation and their
composition was investigated by GC and GC/MS. The yield of the essential oil was 0.25%, while
content of α-pinene was 53.19%.
Keywords: conifers, secondary metabolites, Pinus nigra, α-pinene

1. INTRODUCTION
Essential oils are complex mixtures of compounds, synthetized in plant tissues
as secondary metabolites. The plants form secondary metabolites e.g. for protection
against pests, as colouring, scent, or attractants and as the plant's own hormones.
Components of the essential oils, besides their economic value, play an important role
in the plant defense system against fungus, insect attacks and pollution.
Pinus nigra (European black pine) is a conifer tree of the genus Pinus, family
Pinaceae. There are about 115 pine species, which are divided into three subgenera,
based on cone, seed and leaf characters. It is found at elevations ranging from sea
level to 2000 m, most commonly from 250–1600 m. Pinus nigra is a moderately
variable species of pine, occurring across southern Mediterranean Europe from Spain
to the eastern Mediterranean on Anatolian peninsula of Turkey and on
Corsica/Cyprus, including Crimea, and in the high mountains of the Maghreb in
North Africa. It is a large coniferous evergreen tree, growing to 20–55 metres tall at
maturity. The bark is grey to yellow-brown, and is widely split by flaking fissures
into scaly plates, becoming increasingly fissured with age. The leaves ("needles") are
thinner and more flexible in western populations. It is moderately fast growing (30–
70 cm/year) and usually has a rounded conic form, becoming irregular with age; it is
fairly long lived, with some trees probably over 500 years old. It is intolerant of shade
and needs full sun to grow well, but is resistant to snow and ice damage [1]. Pine is a
source of wood, it is also used to protect the erosion of soil and its buds, needles and
bark are used in phytotherapy. Pine needles are rich in vitamin C, tannins, alkaloids
and essential oils. Pine essential oils are widely used as fragrances in cosmetics, as
flavoring additives for food and beverages, as scenting agents in a variety of
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household products, and intermediates in the synthesis of other perfume chemicals
[2].
Climatic and anthropogenic factors such as the extremes of temperature and
rainfall, air and soil pollution have led to biochemical responses in the plants. Trees,
especially coniferous, are very sensitive to unfavourable conditions. Moreover, pines
as all coniferous are very sensitive to air pollution, and the analysis of secondary
metabolites allow evaluating both the physiological state of a plant and the
environmental conditions under which it is growing [3]. The analysis of the
secondary metabolites in P. sylvestris under stress factors such as mechanical
damage, temperature decrease and pollution showed changes of content and
composition of secondary metabolites (phenols, resins, essential oils) in wood tissues.
Components of essential oils of needles reacted to stress the most quickly - their
synthesis removed to formation of volatile substances, especially α-pinene [4].
Studies of composition of essential oil of P. nigra under pollutant effects and other
stressors are very scarce. In this paper content of α-pinene in essential oil of P. nigra
growing near the Avala Tower in Belgrade have been studied.
2. EXPERIMENTAL
2.1. Plant material and essential oil isolation
Plant material (Pinus nigra) was collected near the Avala Tower in May 2014.
Branches were cut from pine at the height of 1–2 m above the ground. The fresh
branches (500 g) of Pinus nigra was subjected to the hydrodistillation (HD) using
Clevenger-type apparatus until there was no significant increase in the volume of oil
collected (2.5 h). The obtained essential oils were dried with anhydrous sodium
sulphate and stored at +4°C.
Mountain Avala is just 511 meters high and is covered by evergreen forests and
other trees. The wildlife that surrounds Mount Avala has been a protected natural
zone since 1859 for the rich animal variety and unique plants that grow there.
The Avala Tower (Avalski toranj) is a 204.5 m (671 ft) tall telecommunication
tower located on Avala mountain in the periphery of Belgrade. A tower was built on
the lower peak of Avala in 1965. It was destroyed in NATO bombardment of Serbia
on 29 April 1999. On 21 December 2006, the reconstruction of Avala Tower
commenced and the tower was officially opened at a ceremony on 21 April 2010. It is
currently the tallest tower in Serbia and the Balkan region [5].
2.2. Chemical analysis
Qualitative and quantitative analyses of the essential oils obtained by
hydrodistillation was performed using Hewlett-Packard GC-FID and GC-MSD
analytical systems. Model HP-5890 Series II, equipped with a split-splitless injector,
HP-5 capillary column (25 m x 0.32 mm, film thickness 0.25 μm) and a flame
ionization detector (FID), was employed. Hydrogen was used as the carrier gas (1
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ml/min). The injector was heated at 250 °C, the detector at 300 °C, while the column
temperature was linearly programmed from 40 to 260 °C (2 °/min).

Figure 1. Pines near Avala Tower

Figure 2. Branches of black pine (Pinus nigra)

The GC-MSD analyses were carried out under the same analytical conditions.
A model HP G 1800C Series II GCD analytical system equipped with an HP-5MS
column (30 m x 0.25 mm x 0.25 μm) was employed. Helium was used as the carrier
gas. The transfer line (MSD) was heated at 260 °C. The EI mass spectra (70 eV) were
acquired in the scan mode in the m/z range 40-450. In each case, the sample solution
in ethanol (0.2 μl) was injected in split mode (1:30). The identification of constituents
was performed by matching their mass spectra and Kováts indices (IK) with those
obtained from authentic samples and/or NIST/Wiley spectra libraries, different types
of search (PBM/NIST/AMDIS) and available literature data [6]. The area percents,
obtained by the integration of corresponding chromatograms (FID), were used for
quantification of the individual components.
3. RESULTS AND DISSCUSION
3.1. Yield and chemical composition of essential oil
Pale yellow oil of P.nigra were obtained. Yield of essential oil was 0.25% w/w.
Content of α-pinene in investigated essential oil was 53.19%. The predominance of
α-pinene in the essential oil of P. nigra has been shown in many previous studies, but
not in such high quantities as in our investigation. There are many reports on the
chemical composition of P.nigra essential oils, but there is still scarce data for
P.nigra from Serbia. Šarac et al. (2013) reported α-pinene (42.2%) and germacrene D
(29.8%) as major constituents in the essential oils of Serbian P.nigra collected from
Banjska stena on Tara mountain.
Some studies have been carried out to observe the effect on the seasonal,
genotypic, and environmental variability of the chemical contents. In Turkey, α282

pinene (22.2–43.18%), β-pinene (22.4–34.1%), germacrene D (6.45–14.9%) and (E)caryophyllene (5.65–9.21%) were considered to be the major components of essential
oils of P. nigra Arnold [7]. Essential oil of P. nigra Arnold from central Italy was
studied by Macchioni et al. (2003), with α-pinene, germacrene D, (E)-caryophyllene
and β-pinene as the major compounds [8]. Rezzi et al. (2001) found that the main
constituents of essential oil of P.nigra ssp. laricio of Corsica were α-pinene, manool
oxide, germacrene D, β-myrcene, (E)-caryophyllene and limonene [9].
There were reported changes in the terpene production of several conifers under
the effect of contaminated atmosphere[10-12] suggesting that terpenes might play a
role in protection against various industrial (either acidic or alkaline) pollutants. It has
been shown that when affected by pollution conifers begin to synthesise a higher
amount of shorter-chain terpenes such as α-pinene. Judžentienė et al. (2007) evaluate
whether lower-level industrial pollution caused by the oil refinery, the cement
factory, and the nitrogen fertilizer factory affects the composition of the essential oils
in the needles of Scots pine (Pinus sylvestris L.) growing under different levels of
pollution/at different distances from the pollution source [12]. Judžentienė et al.
(2007) report that higher production of the shorter-chain terpenes (observed along the
cement factory and oil refinery transects) might be a consequence of P. sylvestris
growth in the polluted environment requiring energy consumption for the reparation
processes, while at the same time investing smaller resources for synthesis of
protective compounds.
4. CONCLUSIONS
Environmental monitoring describes the processes and activities that need to
take place to characterise and monitor the quality of the environment. Environmental
monitoring is used in the preparation of environmental impact assessments, as well as
in many circumstances in which human activities carry a risk of harmful effects on
the natural environment. Existing monitoring system for air, soil and water is based
mainly on the physicochemical methods, and allows estimate environmental quality
parameters, but does not give understanding of the impact of pollution on living
organisms. Such information can be very useful in assessing environmental impact.
Secondary metabolites is an important biochemical marker of the environmental
impact on forest ecosystems. Changes in the amounts of secondary metabolites may
be early indicators of an injury and damaging effect of pollution. In this paper content
of α-pinene in essential oil of P. nigra growing near the Avala Tower in Belgrade
have been studied. The yield of the essential oil was 0.25%. The results of chemical
analysis show that the content of α-pinene in essential oil of P. nigra was higher by
10-30 % than in other reports about the chemical composition of essential oils from
P. nigra. Additional research is required in order to determine accumulation of toxic
elements and radionuclides in pine forests at Mountain Avala, as well as collect data
about air, soil and water quality of investigate locations in order to better understand
the influence of anthropogenic pollution of the environment on the composition of the
pine essential oil.
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ABSTRACT
In this work will be investigated availability of support for rural development through the work
of official institutions and support programs of the European Union, and given the overall assessment
of the current situation with recommendations for further development and improvement.
Rural development in the Republic of Srpska, reversing a decade, has been adopted as a term in
official documents, although in practice today is identified with agricultural production. Rural
development in the Republic of Srpska dominated by agriculture and forestry, which typically depends
on these two fields, even it is an undoubted fact that the achieved level of development does not
comply with the available resources.
The implementation of the rural development policy of the Republic of Srpska is the
responsibility of the Ministry of Agriculture, Forestry and Water Management of the Republic of
Srpska. At the state level have not been yet created the conditions for the institutional arrangement
issues of rural areas as a segment of the overall development of the country.
Support to rural development also provides the European Union through the implementation of
specific programs through the IPARD program for the period 2007-2013. and IPA 2 for the period
2014-2020. applicable to countries which are not EU members.
After conducting the research it can be concluded that the Republic of Srpska does not approach
the agricultural sector and rural development as a strategic substantial development sector in the
overall economy. This is supported by the non-implementation of the necessary reforms, failure of
required structure for the withdrawal of grants IPARD funds for farmers and rural communities and
putting the domestic manufacturers in an unfavorable position due to the non-application of protective
measures.
After complete review of the concerned issue, a conclusion was reached, that support to rural
development in the Republic of Srpska exist and slowly gets more importance, but incompatibility of
rural policy measures at the state level is the biggest source of the problem as well as the lack of
foreign investment in this sector.
Keywords: rural development, support, recommendations

1. INTRODUCTION
Rural development is actually a complex socio-economic development, which
includes a whole range of issues such as employment, industry, agriculture, health,
transport, environment, social services, education, communications, cultural heritage
and so on. Rural development is one area of regional policy of one country, but it is
important enough to have a specific policy goals.
Ministry of Agriculture, Forestry and Water Management of the Republic of
Srpska (MAFW RS) is in behalf of the Government responsible for the coordination
and implementation of rural development policy in the Republic of Srpska. It within
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their jurisdiction has responsibility for most of the resources on which it relies rural
development and that agriculture and forestry. These are the only areas of economic
and social development where rural development is not only a basic framework for
their development, but an integral part.
At the state level still aren't created the conditions for the institutional
arrangement issues of rural areas as a segment of the overall development of the
country. There have been several attempts to define the problems of rural
development and edit as part of the overall socio-economic development. However,
when it was and were applied, it was in the context of the establishment of the State
Ministry of Agriculture, Food and Rural Development, which has still not been
brought to an end.
Rural development issues deals with the the increasing number of government and
non-governmental organizations, but this is still insufficient, considering the level of
development of rural areas, and the number of population living in rural areas, the
level of quality of life of the rural population, economic conditions, unemployment,
protection and conservation of living space, the perspective of young people and
more. Therefore, the development of rural areas has become an ongoing task, and he
surely must represent the interest of national development of any society. These are,
in fact, the activities besides being extremely serious programmed must be constant
and continuous. They have to deal with not only those who are programming and
create conditions for development, but also the entire rural population of the related
development.
2. CHARACTERISTICS OF RURAL AREAS IN THE REPUBLIC OF
SRPSKA
Bosnia and Herzegovina is one of the most more rural countries in Europe, with
61% of the population living in rural areas, whether they are defined as villages or
rarely inhabited municipalities. In Europe, only Montenegro, Ireland and Finland
have a higher proportion of the rural population. Human Development Report
(NHDR) UNDP BiH1 for 2013 shows, through a review of rural areas and to compare
urban and rural using the full range of indicators that many assumptions about rural
life more myth than reality.
Republic of Srpska (RS) is a result dividing Bosnia and Herzegovina,
established by the Dayton peace agreement, according to which she referred the 49%
of total territory Bosnia and Herzegovina and the other entity, or the Federation of
Bosnia and Herzegovina 51% of the territory. Occupies a surface area of 24,810 km2,
which according to preliminary results of the census2 held in 2013, populated by
about 1,326,991 resident. Determining the level of development of municipalities in
1

UNDP BiH NHDR for 2013. godinu – Rural Development in Bosnia and Herzegovina: Myth and
Reality -

2

Preliminary results of the census in 2013 in Bosnia and Herzegovina
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the Republic of Srpska done based on the Ranking list of development3 at which the
municipalities are divided into: developed, moderately developed, not very developed
and not developed municipalities. The ranking of municipalities according to the
degree of development on the basis of certain criteria is important to define the rules
for redistribution of funds from the budget of RS. Based on data on population
density, with the exception of the larger urban centers in the Republic of Srpska
(Banja Luka, Prijedor, Doboj, Bijeljina, Zvornik), the remaining municipalities have
lower population density of 100 resident/km2.
According to the analysis4 made by the UN in 2010, it was concluded that there are
significant geographic disparities in the society of Bosnia and Herzegovina.
Assessment of regional differences also showed that of 142 municipalities in BiH, 89
of them or 62% undeveloped or very underdeveloped. Economically, there is no great
divide between urban and rural areas, but actually between 6 major cities and the rest
of BiH. Official statistics show that in Sarajevo, Banja Luka, Tuzla, Zenica, Mostar
and Bijeljina, who all have over 100,000 residents with almost 40% reduction in
unemployment, 25% higher salaries and more than double the GDP per capita than
the rest of the country, which all together stimulates the movement of people to cities.
Outside of the main centers of economic activity, urban municipalities, which are
dominated by medium-sized cities actually are in worse condition than rural areas, by
almost all indicators. Most rural households generate income in one of two ways:
from regular employment (52%) or social benefits (36%) and only 6% of rural
households in terms of the majority of their income, depending on agriculture, and
less than 1% of households would might be considered typical "commercial farms"
and potential users of the IPARD measures.
3. INSTITUTIONAL
DEVELOPMENT

FRAMEWORK

IN

THE

FIELD

OF

RURAL

The institutional framework in BiH, in the field of agriculture and rural
development is arranged in a way that most of jurisdiction are on the Entities. On
entities level managing the sector of agriculture and rural development manage two
ministries:
• Ministry of Agriculture, Forestry and Water Management of Republic of Srpska
(RS MAWF)
• Federal Ministry of Agriculture, Water and Forestry (F MAWF)
• In Brčko District, the Department of Agriculture, Forestry and Water
Management.

3

Decision on criteria for assessing the level of development of local government of RS No. 01-1571
/13
4
BiH Regional Disparity Assessment 2010 - UN
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At the state level, jurisdiction in the field of agriculture and rural development
was entrusted to the Ministry of Foreign Trade and Economic Relations (MOFTER),
within which is formed Department of Agriculture, Food, Forestry and Rural
Development, who have their competence in managing rural development. This
sector consists of the State Veterinary Office and Management Board of BiH for
Plant Health Protection, who have competence in managing the health and care of
animals or plant health. In addition, within MOFTER is the Office for harmonization
and coordination of payment systems in agriculture, food and rural development,
among other things, has the authority to develop a legal framework for the
establishment and development of institutional structures to support the
implementation of policy measures and attracting EU funds and funding from other
international funds and to establish uniform practices and procedures of approval,
execution and accounting transactions in the agriculture, food and rural development,
which will be applied in the Entities.
This complex administrative arrangements and distribution of competences in the
field of agriculture and rural development at different levels, through administrative
units that MOFTER should coordinate, guide and supervise, make it wery difficult
effective coordination and effectivity of the work.
4. SUPPORT FOR RURAL DEVELOPMENT THROUGH LEGISLATION
Legal support for rural development in BiH exists, at least on paper, a number
of the document was brought and adopted, although in practice poorly implemented.
In the Republic of Srpska was brought the “Strategy Plan for Rural Development RS”
for the period 2009 to 2015. that tracks measures defined by “Strategy of agricultural
development of RS until 2015”. The strategic goals of the Republic of Srpska in rural
development for the period up to 2015 are:
1. Improvement of the competitiveness of agriculture and forestry,
2. Nature conservation and rational management of natural resources and
3. Improvement of living conditions and the introduction of greater diversity in
generating income in rural economies.
The selection of these strategic objectives of rural development RS is fully in
compliance with the EC Directive No. 1698/2005 regulating the way of support for
rural development by the European Agricultural Fund for Rural Development
(EAFRD) for EU. For the achievement of strategic objectives there were defined 16
specific objectives, measures 54 and 161 sub-measures. Total estimated value of the
„Strategic Plan of Rural Development RS” is 1.7 billion for 7 years (2009-2015), and
was equally distributed between the first and third strategic objective, with measures
in the domain of the second strategic objectives in financial terms abstracted the
remaining 2% of the total funding. In the period up to 2015 to support rural
development is planned to be spent:
• 812 million for improving the competitiveness of agriculture and forestry,
• 32 million for conservation measures and of rational management of natural
resources, and
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• 873 million for the improvement of living conditions and the introduction of
greater diversity in generating income in rural economies5.
Support for agriculture and rural development at the state level is carried out by
the same or a very similar system, in the last decade, with certain changes in the
regulatory framework as well as in the system implementation. The legal framework
remains largely unchanged, so that in the Republic of Srpska retained regulation of
subsidies by applicable laws and regulations6. Looking at the overall support for
agriculture and rural development at the state level, it is concluded that in almost the
same proportion participate both entities, while the smallest range of support in
absolute terms in the Brčko District, which is understandable considering the size of
the District.
In order to obtain a clearer picture of the level of support for rural development
in BiH were conducted comparison of domestic budgetary support7 for the same
support in neighboring countries. The comparison is done at the level of the five-year
period, based on which it can be concluded that the highest level of support in the
region for the period 2008 - 2012 was recorded in Croatia - an average of 456.3
million euros, while BiH is in last place with an average of 80.6 million euros. Taking
into account the levels of budgetary support, as well as the level of protection of
domestic agricultural production, it is clear that compared to our neighboring
countries is the unequal position.
As far as the support structure by groups of measures, measures that are
classified as measures of direct support for production, as in previous years, have an
advantage in supporting rural development in BiH. Of the total 157,890,575 million
KM that is realized, this group of measures waste 86,735,520 million or 55%, which
represents more than half of the total funding realized. During 2012. there was a
decrease in the relative allocations amounting to 20.5%, while the account of other
measures primarily rural policy measures which should be an encouraging sign of
overcoming the world crisis, given that the crisis years more attention dedicated to
supporting industries. Rural development measures that have recorded an increase of
as much (242%), or 37.7 million KM in absolute terms compared to the previous year
(in 2011 15,622,326 million, while in 2012 achieved a level of 53,365. 517 million,
which is a enlargement of 37,743,191 million KM)8.

5

Strategic Plan of Rural Development RS (2009-2015)
Law on Provision and Allocation of Funds for the promotion of agriculture and rural areas (Official
Gazette of the Republic of Srpska "No. 43/02), the Ordinance on the conditions and manner of
monetary incentives (Official Gazette of the Republic of Srpska", number 25/11)
7
Count only budgetary support component, agriculture can be supported through the so-called. nonbudgetary support, stemming particularly from foreign trade protection, and other measures regulating
trade and agricultural markets
8
Agriculture Report for Bosnia and Herzegovina in 2012.
6
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5. ASSESSMENT OF THE CURRENT STATE
Unfortunately, BiH does not have a clear vision of rural development or rural
development strategy at the national level, and is still, after years of preparation, it
started on its drafting. As for the entity, the Republic of Srpska adopted a “Strategy
for rural development” but there are problems in implementation due to lack of data
on assessments and the lack of financial resources to implement.
Besides the lack of a clear vision, a major problem in the field of rural
development, are sufficiently utilized existing capacity that could take on certain
responsibilities and significantly engage in the process of joining the EU.
Another important indicator is the use of agricultural resources / soil, and one of
the highest quality, such as plowed fields. In RS are sown only about 55% of arable
land, of which about 30% is used in a very the traditional extensive way, and
additional threat is not planned and transparent allocation of concessions on
agricultural land.
The third relevant indicator of the condition and development relates to the
degree of satisfaction of the population own food and drink. This "self-sufficiency" is
about 40% and decreases in the last 15 years, whereas before the war, the percentage
was about 75% (despite shredded plot).
Increasing productivity in the agricultural sector is a key objective of rural
development. With increased productivity leads to employment reduction directly in
the agricultural sector which is through rural development programs necessary to
provide jobs in other sectors that are planned in the development programs of the
rural communities. Unfortunately, in recent years through agricultural production is
trying to solve some social problems, which led to the previously described
conditions. Without a national vision of rural development, it will be difficult to
respond to requests from the European integration process and to make rural
communities provide quality living conditions. Due to various reasons, primarily
because the agricultural sector is not approached as strategic industrial sector the
share of agriculture in GDP income of BiH has been reduced over the past dozen
years from about 14% to about 8%, which was the result of stagnation in relation to
other an industry in which is observed some progress.9
6. RECOMMENDATIONS FOR IMPROVING RURAL DEVELOPMENT
General solution to the problem of non-compliance and the lack of coordination
in the implementation of rural policy in BiH definitely should seek to strengthen
institutional capacities and competences at state level. Particular attention should be

9

"Agriculture and Rural Development in BiH - recommendations for faster EU accession," Citizens
for Europe, 2011.
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paid to preparation of the Strategy for Rural Development and establishment of the
IPARD structures. In this regard, the following recommendations are:
 Establish a single Ministry of Agriculture, Food and Rural Development
with responsibilities for the design, development and coordination of
agricultural/rural policy and to set strategic objectives of Agriculture and
Rural Development,
 Create Rural Development Strategy for BiH as a priority requirement for
future use of the programming of IPA 2 funds from 5 component.
 Fully implement the Law on Agriculture, Food and Rural Development in
the sense of the realization of goals and policies of agriculture, food and
rural development in BiH, taking into account the competencies at all
levels of government in agriculture and rural development.
 Synchronize legislation and adopt subordinate legislation especially in the
field of veterinary medicine, food safety and plant health, and strengthen
responsibility of institutions, a clear structure control, inspection, system
accredited laboratories with the formation of a responsible central authority
that guarantee respect for all standards and quality.
 Specify the role that the sector of agriculture, food, forestry and rural
development within MOFTER should have within the agricultural and rural
policy and strengthen its human and professional capacities.
 Establish IPARD structures that include formation the Managing
Authority, the IPARD paying agencies.
 Support the work of the Office for harmonization and coordination of
payments in agriculture, food and rural development, putting it into full
operation with a planned capacity.
 Synchronize measures for rural development, incentives and support
systems in agriculture in BiH in accordance with the Common Agricultural
Policy (CAP).
 Completely establish the Agricultural Market Information Service of BiH
and to further strengthen the State level for the collection of statistical data
and policy analysis in the field of agriculture and rural development to
provide a better strategic planning.
The focal point of politics is that rural areas do not exist in isolation, they are
closely linked with the fate of the surrounding towns and cities and the economic,
social and political life of the country as a whole. What is good for the Republic of
Srpska is good for its rural areas, and the first priorities must be to improve
management, reduce bureaucracy and corruption and creating a climate in which
businesses can develop, whether in villages, smaller or larger cities .
7. CONCLUSION
BiH is underdeveloped and poor country that she might approach to agriculture
and rural sector as an essential strategic development in the overall economy. This is
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supported by the non-implementation of the necessary reforms, failure of required
structure for the withdrawal of grants IPARD funds for farmers and rural
communities and putting domestic producers at a disadvantage due to the nonapplication of measures to protect domestic production.
Considerable time and efforts are wasted on purely cosmetic changes in this
sector without concrete and visible results. It is about time that the decision-makers
devote this sector and approaches to its improvement in a meaningful and functional
way. This among other things includes the establishment of the Ministry of
Agriculture, Food and Rural Development at the state level, and IPARD structures
necessary for the withdrawal of grants of EU funds for the period 2014-2020. year.
Support for rural development in the Republic of Srpska exists and slowly gets
increasing support, but the mismatch rural policy measures at the state level is the
largest source of the problem as well as the lack of foreign investment in this sector.
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ABSTRACT
Space of the Timok vineyards with rural communities in its geospatial coverage has exceptional
natural resources with a range of characteristics in terms of environmental, cultural and anthropogenic
values. Regardless of the prominent potential, development restrictions in this area are numerous.
Empirical research shows that over the past decade have survived numerous inherited and generated
new problems of ecological and socio-economic status of rural settlements. The cumulative effect of
these processes on the local level as advanced environmental degradation and negative habitation
demographic trends, which is at the regional and national level deeper and more complex development
problems.
Keywords: sustainable development, Timok vineyard, rural settlements

1. INTRODUCTION
Vineyard - crop farming area of of Negotin province extends into the lower part
of the highland part of the municipality Neogotin (spatial plan of municipality
Negotin10). Extreme specificity of this regions is the developed grape growing which
binds to Timok settlements. The most important wine-growing villages in this region
are: Rajac, Rogljevo, Tamnic, Crnomesnica, Aleksandrovac, Braćevac, Kovilovo,
Veljkovo, Smedovac, Štubik and a part of the agricultural area Mokranje and Recka.
In this area an exceptional value have a stone cellars11, whose construction began in
the 60s of the XIX century and which are used for the production and storage of wine
and present unique monumental complex and are located in the villages Rajac
Rogljevo, Smedovac and Štubik.
2. OPPORTUNITIES FOR SUSTAINABLE DEVELOPMENT OF RURAL
SETTLEMENT AREA OF THE TIMOK VINEYARDS
"Pivnice"(wine Cellars) in the Rajac, Rogljevo, Smedovac and Štubik12 are
categorized as cultural - historical sites of great importance, which affects their tourist
value [4]. They were constructed near the vineyards, built of stone13 and partly buried
10

Просторни план општине Неготин (Сл. лист општине Неготин, бр. 16/2011).
Experts from the Institute for Protection of Cultural Monuments use the term brewery, which was
used during the write operation, while locals often use the term “pimnice”.
12
Stubik (rural areas), Štubik, [7].
13
Wine cellars, built in the second half of the eighteenth and early nineteenth century were of poor
materials. Stone cellars were built in the second half of the nineteenth century. For the construction of
11
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in the ground. In them are located vats, barrels and tools. S. Pavlovic and B.
Mihajlovic (2014) according that the census from 1863th, some households in the
Rajac had two or three cellars. The same authors sad that – in the wine cellars
between the two world wars and after the Second World War, during the autumn and
part of winter, carried the social life of the village, and today only families who have
a a workforce can sustain vineyards. The vineyards are mostly cleared and converted
into arable land, or land plots for sale [4]. Although only conservation work can solve
the sustainability of these units in the original condition [1], they were not taken, and
increase of public interest in these objects threatens the integrity of the whole, as
without the contemporary accession on protection can have negative consequences.
In these recognizable villages with wine cellars lately is being developed more
rural tourism. Since the once the main source of income for the inhabitants of this
area were selling products, today, substantial income to residents is from wine
tourism14. "In order to popularize wine tourism in Serbia, project "Wine Routes" is
realized.
In terms of natural features, this area is characterized by wealth in the forest
areas (forest area in the municipality of of Negotin 408.67 km2) [6] and a wealth in
the flora and fauna, the Danube river and the coast, mountains Deli Jovan and
Midžor, river courses of Timok, Vratna, Zamna, the river of Jasenica and Sikolska
river with "prerast" (stone bridge), canyons and waterfalls, high quality agricultural
land , suitable climate conditions. In the wide area, there are numerous sites that are
protected by the state, which include "Prerast" on the river of Zamna , "prerast" on the
Vratna river as natural monuments and protected natural resources -general nature
reserve Bukovo (forests), Waterfall of Sikolska river - Rocks of Mokranj. In this area
there are numerous speleological objects. In The Spatial plan of municipality of
Negotin was suggested area of the Danube (930-845 km) to obtain international
protect status (Negotinska Krajina).
From natural disasters in the environment are typical landslides at a few
locations, and cover an area of 1.85 km2 Their spatial distribution is different in
cadastral municipalities: Cacak (60.83 ha), Jasenica (47.73 ha), Rogljevo (17.90 ha)
etc. Condition of the overall system of protection against natural disasters in the
municipality of Negotin is not satisfying, especially in relation to the spatial aspects
of risk management [6].
Vineyard - crop farming area of Negotin province have well connected traffic.
Road traffic system in the municipality of Negotin consists existing 1st priority roads
_, no. 24 and No. 25, and the second priority roads no. 248, 248a, 249, 254, 278, 260
and 106a [6]. Existing local roads are poor and like connection to touristic attractions
in offer, they are verry bad. All local roads require reconstruction and maintenance.
The most typical example is the local road (248) which connects Negotin and rural
ale was first used oak, then mud and straw, and since 1860 the sandstone and brick. Wine cellars are
built masters of Macedonia, including the distinguished Master Kosta [4].
14
The term wine tourism, is used in viticulture (viticulture) and tourism, where both have a share in the
regional economy, environment and way of life [2].
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settlement Rajac (via Kobišnica) length of 25 km. The current situation is extremely
bad with cracks, no horizontal and vertical signals. This time exceeds six times over
the railway line without signaling. At these crossings are frequent traffic accidents. A
great danger in this road cause aggravating weather conditions with snow and ice, due
to inadequate maintenance [5].
Rail traffic in this area is over one track railway (Nis) - Crveni Krst - Zajecar Prahovo Pristaniste, approximately 37.7 miles lenght, with the official positions
Prahovo Pristaniste, Prahovo, Negotin, Kobišnica, Mokranje, Veljkovo, Rogljevo,
Rajac, Crnomasnica and Tamnič. The railway is in poor condition and is not
electrified. Water traffic is present due to the waterway of Danube river.
In all settlements is a specific problem of infrastructure systems, particularly the
evacuation of waste water. Water infrastructure in this area is not developed
sufficiently. Villages usually have a so-called rural water supply systems and pumps
and wells. In the field of hydro power is the most important hydroelectric system
"Đerdap". In this area, there is potential for greater use of renewable energy through
small hydro power plants, solar and geothermal energy, biomass and wind energy [5].
Most settlements have no solving issues relating to waste disposal, which is a serious
ecological problem. The waste is usually disposed at illegal dumps, or be burned.
This can cause a large enviromental problems. Because of that, the resolution of this
problem is necessary.
3. SUSTAINABLE TOURISM - DEVELOPMENT OPPORTUNITY
WINEGROWING - FIELD CROPS REGIONS OF NEGOTIN PROVINCE
Needs to find a specific space and new ways of presenting tourism products
resulted the offer based on wine growing and winemaking. Sales of wine to visitors is
the basis of business success of many small wineries. Wine tourism includes the
processes, phenomena and relationships arising from the interest of visitors to the
production and consumption of wine, a way of life, culture and traditions of wine
regions [4]. One of the main reasons for the development of tourism in this area is
the existence of a wine cellars in Rajac and Rogalj. This area has a specific ambient
and it's destined for tourism development. In recent years more and more tourists are
interested in visiting this location. More frequent visits are during the spring and
summer months. That tourism could be developed to a significant extent, it's
necessary to provide communal and traffic rehabilitation and education of local
residents and wine makers.
One of the preconditions for further development of these settlements is
revitalization of wine cellars, and incentives recovery of viticulture. For the
development of tourism in this area, important are village events (eg Event for the
holiday of St. Trifun in Rajac).
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Figure 6. Wine-growing region Negotinska Krajina (highlight Rajac and Rogljevo) [6]
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4.ENVIRONMENTAL PROTECTION MEASURES AND DEVELOPMENT
OF THE TIMOK WINE REGIONS AND VILLAGES
Environmental protection measures are:
1. preparation of spatial planning documents;
2. Master Plan in line with similar destinations in the region;
3. preparation of local development strategies based on the territorial approach;
4. regulation of infrastructure;
5. measures for the conservation and protection of surface and groundwater and
their reserves, quality and quantity;
6. strict protection and control sources of water supply;
7. protection of land, particularly high-quality, of all forms of pollution;
8. preservation of cultural and monumental heritage;
9. support in development and promotion of organic food;
10. organization of settlements;
11. Restoration of wine cellars;
12. increasing environmental awareness of tourists;
13. restoration of traditional rural households and
14. promotional activities.
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ABSTRACT
The paper presents a special evaluation of environmental, social and economic functions of
forests by applying Vyskot's methodologies of objectification, systematization and evaluation of forest
functions. To the method utilisation, area of Mountain Kosmaj is chosen, where the processes of
urbanization have caused the greatest change in use of natural resources, especially forests. For this
reason, the need for multi-functional use of forests is justified. Applying the methodology of
objectivity, systematization and evaluation of forest functions (Vyskot et al, 2003), a financial
evaluation of forest functions is carried out. As a special part of the research, determination of the level
of contamination by heavy metals (Pb, Ni, Mn, Zn and Fe, ), and their accumulation in plants on the
mountain Kosmaj was carried out. Evaluation of forest functions of the study area have been based on
data on forest area that have taken from the General management plan for “Posavsko – podunavsko
forest area (2001-2010)“ The financial value of each function is expressed in € per m3, which is
currently the only reliable method of assessing functions. Use of this method, and data received form
this research in area of Mountain Kosmaj creates the basis for the implementation of the concept of
functionally integrated forest management. We will receive a more reliable data for managing state
forests, as well as data to perform inspection of the state forests. There will be more reliable data to be
used for forest management planning, silviculture, forest objective categorization.
Keywords: Kosmaj, evaluation, multifunctional use of forests, heavy metals.

1. INTRODUCTION
Forest as the most complex system, differently preserved, has not only function
of long-term, optimal wood production, and function of using some other forest
products, but also plays some other important roles – these are functions with
priceless importance for people and society in general. (Medarević, M. 1983).
At the beginning of new millennium, ecological importance of forests
overcomes its economic importance. Milovanovic (2004) and others say that: „
Increasingly, there is a trend and the need for multi-functional use of forests and
forest resources and its potentials. But, nowadays there are some problems we are
face with that are completely different than in the past, and on the other hand, using
of industry and increased urbanization get worse work conditions and conditions of
human lives, so they have a big influence on current ecosystems stability. They cause
many environmental problems. The problem of multifunctional forest using can be
observed from a few aspects – the most important are economic, ecological and
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social. All of these should be considered in order to get positive effects of forest
using“.
Overview of current forest management plans for urban forests suggests that
these attitudes changed significantly and is now giving priority to protection
functions, primarily soil protection, and recreational functions within the urban forest.
The main objective of this paper is specifically evaluating the environmental,
social and economic functions of forests, the use of ecological criteria and the
Vyskot´s methodology of objectification, systematization and evaluation of forest
functions. For researched area was chosen area of mountain Kosmaj, where urban
processes caused big changes in a way of natural resources using, especially in a way
of forest resources using. For that reason need for multifunctional forest using is
justified.
Since the main goal of the research in terms of evaluating the ecological
functions of forests, it follows a special part of this research, which aims, determining
the level of contamination by heavy metals of the mountain Kosmaj. It should be
emphasized that ecological consequences on forest ecosystems stability cannot be so
precisely predicted, but surely this phenomena introduces a big social problem.
2. MATERIALS AND METHODS
In the paper there was performed evaluating of ecological, economic and social
forest function using ecological criteria and Vyskot´s methodology. Applying the
methodology, (Vyskot et al, 2003), there was performed financially evaluating of
forest function. That was done at researched area on the base of data about forest
complex in Kosmaj that are collected from General management plan for Posavskopodunavsko forest area and Management plan for management unit Kosmaj. Due to
Viskot´s methodology, in order to determine financial value of some forest functions,
it was necessary to do classification of functional criteria at first. At the beginning,
real potentials of chosen functions (bioproduction, ecological - stabilization and
social - recreational functions) were determinate, which represented grouped
potentials of real forest ecosystem under optimal conditions. Then it was needed to
establish real effects of forest functions. Real effects are connected with current state
of forest functions. State of the forest depends on its current values of some
structural parameters. State of forest depends on several parameters – age, spatial
structure and current health condition. After calculating these real effects of forest
functions, it was needed to perform social evaluating of functions that is related with
its using. Social forest effect expresses level of achieving some human social demand
toward forest.
On the base of determining function potentials, real function effects and social
demands there was performed financial evaluating of forest functions. Financial value
of each function is expressed in euro per m3, and that is the only reliable way of forest
functions evaluating.
Special part of the research, that is related to determine content of heavy metals
(Pb, Ni, Zn, Fe) at the area of Kosmaj, included a few steps.
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At first, four localities were chosen, where we took samples for analyze. These
are following localities:
1. locality – Monastery Tresije
2. locality – Hajdučica, at the top of Kosmaj,
3. locality – monument on Kosmaj,
4. locality – near “Pošta” restaurant.
Due to the fact that vascular plants can accurately indicate the presence and
intensity of various pollutants (heavy metals, chemical substances, etc.) in air and
soil, for a comparative analysis of the accumulation of heavy metals (Pb, Ni, Zn, Fe,
Mn) in the leaves of plants in this region, ten plant species were selected:
1. Small – leaved Lime
2. Turkey Oak
3. Hungarian Oak
4. Sessile Oak
5. Wild Cherry
6. Beech
7. Black Pine
8. Field Maple
9. Nettle
10. Dandelion

Tilia cordata
Quercus cerris
Quercus farnetto
Quercus petraea
Prunus avium
Fagus moesiaca
Pinus nigra
Acer campestre
Urtica dioica
Taraxacum officinale

Concentration of heavy metals in plants was measured by using atomic
absorption
spectrophotometry. Analyzes were performed in laboratories of
Department for Biology and Ecology in University of Novi Sad.
3. RESULTS OF RESEARCH
Management unit “Kosmaj” is located at the same mountain. Surface of the
area is 652.99 ha, forests and other wooded lands are located on 636.71 ha, the other
land includes about 16.28 ha.
Covered area of management unit is 628.02 ha, volume of the management unit
is 149618.5m3 or 238.2m3/ha, and volume increment is 4315.2m3 (2.9 % Iv).
There are two special purpose entities that were analyzed “73” – recreational and
tourist center of the first degree on 627.66 ha and “10” – wood production on 0.36
ha. The most present management class is 73262212 – coppice forest of Turkey Oak
and Hungarian Oak that is located at 195.42ha (V=46259.5m3, Zv=1439.0m3), then it
is management class 73604411, coppice forests of Beech and Turkey Oak that is
located at 90.03 ha (V=23037.2 m3, Zv=545.4m3). Next, it is management class
73251212 - coppice forest of Turkey Oak and Sessile Oak which is located on 60.54
ha (V=16022.1m3, Zv=441.9 m3). Approximately the same is presence of
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management class 73233212 - coppice forest of Turkey Oak (60.74 ha;
V=14388.4m3, Zv=434.8 m3). Another management classes are not so much present.
Management unit “Kosmaj” is part of much wider protected area “Kosmaj”.
The total area of protected natural resource is 3.514,50 ha. Natural resource “Kosmaj”
is, by the decision of the Belgrade City Assembly, (number 501-890/05-XIII-01),
from December 26, 2005, put under the protection as area of exceptional importance.
The rest of area (2 826.00 ha) is under private and other forms of ownership.
Forest functions are determined by Vyskots with functional criteria. Its values
are expressed in classification levels of grade (0-6). Function value introduces equal
values average of function criteria. It can be at the same way expressed with
descriptive classification. Value of overall real function potential (table 1 and table 2)
is a sum of potential values some functions (0-18) that are classified into different
classes RPFL I-VI. For practical using, functions evaluation was given in tables of real
forest function values (RPFL) and in classification classes from I to VI. On the base of
determined special purpose entities and on the base of determined the most present
management classes, there was calculated real forest function potential. Its values are
shown in following tables:
Table 1. Evaluation of real forest function potentials - special purpose entity 73
Purpose

Surfa
ce
(ha)

73

627.6
6

With
volu
me
(ha)

Witho
ut
volum
e (ha)

Relati
on
%
99.9

Managem
ent class

Surface (ha)

73262212
73604411
73251212
73233212

195.42
90.03
60.54
60.74

REAL FOREST FUNCTION POTENTIAL
RPFL
bioproduct
ion

ecologica
lstabilisati
on

socialrecreatio
nal

RPBP

RPES

RPSR

2
2
2
2

3
4
3
3

5
5
5
5

Relati
on
%
31.1
14.3
9.6
9.7

∑RPFL
∑RP
FL

10
11
10
10

cl.
RPF
L

IV
IV
IV
IV

Real potential of forest functions such as bioproduction and ecologicalstabilization or social-recreational function was performed on the base of forest
preservation, volume and some managing actions (bioproduction and ecologicalstabilization functions), and on the base of ways of space using (social-recreational
function). From table can be concluded that value of RPFL reaches high values of IV.
Further, according to the method of Vyskot it was necessary to determine the
real effects of forest functions. Real effects introduce current functional efficiency of
forest ecosystem. That is a grade of produced function with analyzing its potential
capacity values expressed in percent. Current state of forest ecosystems depends on
current values of its structural parameters. Forest state depends on age, spatial
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structure and current health condition. For the most common management classes
within the study area were obtained the following values of actual effects (Table 2).
If the condition of these forests has been better (high instead of coppice forests),
higher would be the value of effects of bioproduction and social - recreational
functions.
Table 2. Values of partial effects – purpose 73
REAL FOREST FUNCTION EFFECTS
RE (%)

Purpose
73
Management class
73262212
73604411
73251212
73233212

bioproduction

ecological- stabilisation

RЕBP (%)
86.5
86.5
86.5
86.5

RЕES (%)
100
100
100
100

socialrecreational
RЕSR (%)
91
91
91
91

After real effects of forest functions were calculated, it was needed to perform
“social” evaluation of forest functions that introduces degree which is determined by
social needs, rather than the actual potential of forests. Social level" functions of
forests is, therefore, called "current social effect" of forest functions.
Current social effect of forest functions– that is currently improvement of
social priority important and applied functions effects that is determined with
importance factor of current social interest (FAZ). Importance factor of current
social interest (FAZ) is a factor that establishes only social values of chosen forest
functions, not its ecosystem values. For forests of research area which represents:
1. Forests for standard use of bio production (multifunctional)
2. Multifunctional forest with a standard level of environmental stability
3. Multifunction forests for standard recreation
the value of FAZ is 1.
Financial expression of forest functions values introduced as extra improvement
of the project is not evaluation. It does not establish some market values, but its aim
is to provide appropriate information about values of forest ecosystems functions.
Money is accepted comparative mean that is widely used generally. Expressing of
forest functions value through the money is a comparative way that helps society to
control all environmental components. From forest functions point of view, the main
product of bio production function – wood and its financial relation expressed throw
the price – are socially very famous economic cases. Anyway, from famous economic
case point of view, prices of wood is not so reliable indicator. It depends on market
changes and changes of social demands in general. Generally used market principle
of society does not use permanently or absolutely same financial values. These levels
are always current conditions. Price of dominant product which belongs to bioreproductive function of 1 m3 of wood is indicator of financial value for financially
evaluating of forest functions value. So far, attempts to find another indicators in
order to compare mentioned values are put aside because of lack of accurate data and
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methods. It should be emphasized that an average price of 1 m3 of wood was
calculated from schedule of prices by FE “Srbijašume” calculated for 2013 year.
Woody structure was expressed with relation between round wood and stacked wood
– 45,2% : 54,8 % in state forests (Medarević, М., 2012). 1 m3 of wood represented a
value for financial expression of forest functions. As input data there is a value of real
potentials, real effects and social effects that are responsible for bio-reproductive
functions, ecological functions and social functions at researched area. There were
considered rotation period of cutting and value of average annual increment (about
7,1 m3/ha), as well. There are following average values expressed in Euros per m3
(Table 3).
Table 3. Functional expression of forest functions in Kosmaj
Manageme
nt class
73262212
73604411
73251212
73233212
average

Real function potential
(potential state)
FRP
FRP es FRP sr
bp
(€/m3)
(€/m3)
3
(€/m )
23,76
35,64
59,40
23,76
47,52
59,40
23,76
35,64
59,40
23,76
35,64
59,40
23,76
38,61
59,40

Real function effect
(current state)
FRE
FRE es FRE sr
bp
(€/m3)
(€/m3)
3
(€/m )
20,67
35,64
54,05
20,67
47,52
54,05
20,67
35,64
54,05
20,67
35,64
54,05
20,67
38,61
54,05

Current social function
effects
FSE
FSE
FSE
bp
es
sr
(€/m3)
(€/m3)
(€/m3)
20,67
35,64
54,05
20,67
47,52
54,05
20,67
35,64
54,05
20,67
35,64
54,05
20,67
38,61
54,05

In general, forest functionality at mountain Kosmaj is expressed through
financial values of real potential of functions, effects (real and social) of chosen forest
functions (bioproduction, ecological- stabilization function and social-recreational
function). These values represents a real potential, real effects and social effects of
researched forest functions. Overall values review of real functions effects which
represents the current state of this forests gives a possibility to deduce that an average
value of bioproduction function for chosen management classes are between the
20.67 and 54.05 €/m3. Average values of real potential of these forests functions are
between 23.76 and 59.40 €/m3 and for social function effects are between the 20.67
and 54.05 €/m3 due to fact they are located close to urban settlements. The higher
values of chosen functions, especially bioproduction and social – recreation function,
for this forests could be achieved just in case if their condition would be improved
and coppice forests are converted to high forests. Current social function effects
introduce effects differentiation of these functions depending on its level of social
using.
Due to numerous data from references, accumulation of heavy metals in plants
in higher concentrations tells about relatively increased environmental contamination,
and tells about possibility of wider contamination. (Krstić et al 2007, Stanković et al
2011, 2013, Sijacic-Nikolic et al 2012)
Content of heavy metals (Pb, Ni, Zn, Fe, Mn) in leaves of ten plant species at
four different localities on Kosmaj has shown at the table 6.
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Influence of harmful substances on plants depend on many different factors:
kind and concentration of harmful substance, length of its influence, resistance of
some plant species, phase of physiological development, etc. (Krstić et al 2011,
Stanković et al 2009).
Table 6. Content of heavy metals (Pb, Ni, Zn, Fe, Mn ) in leaves of plants in Kosmaj
Locality

1

2

3

4

Specie
Tilia cordata
Quercus cerris
Quercus farnetto
Quercus petraea
Prunus avium
Fagus moesiaca
Pinus nigra
Acer campestre
Urtica dioica
Taraxacum officinale
Tilia cordata
Quercus cerris
Quercus farnetto
Quercus petraea
Prunus avium
Fagus moesiaca
Pinus nigra
Acer campestre
Urtica dioica
Taraxacum officinale
Tilia cordata
Quercus cerris
Quercus farnetto
Quercus petraea
Prunus avium
Fagus moesiaca
Pinus nigra
Acer campestre
Urtica dioica
Taraxacum officinale
Tilia cordata
Quercus cerris
Quercus farnetto
Quercus petraea
Prunus avium
Fagus moesiaca
Pinus nigra
Acer campestre
Urtica dioica
Taraxacum officinale

Zn
26.00
22.88
18.02
16.99
26.64
28.93
57.99
24.82
21.39
45.96
16.58
19.75
22.23
16.28
20.54
23.70
28.26
25.60
21.09
35.71
17.71
19.65
15.85
24.44
15.76
32.33
18.04
21.16
21.53
26.56
15.33
17.06
24.89
19.90
17.58
23.54
21.26
25.78
28.17
31.80
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Fe
82.74
78.22
95.12
61.23
127.45
77.78
68.77
108.41
119.97
689.78
145.94
86.39
64.91
56.29
109.20
71.76
218.07
93.17
342.16
1316.78
126.81
75.34
91.54
79.50
91.75
88.84
98.11
112.85
209.73
137.98
114.07
88.82
66.09
68.24
87.79
75.56
130.94
110.59
152.50
127.46

Pb
0.44
0.88
0.53
0.72
2.25
0.48
1.23
1.44
1.60
3.10
0.71
0.36
0.03
0.05
1.01
0.49
1.10
0.71
1.43
5.73
0.60
0.33
0.28
0.88
0.76
0.59
0.73
1.43
2.04
1.68
0.90
0.43
0.09
0.28
0.79
0.25
0.76
0.97
1.31
1.42

Ni
0.95
1.11
3.74
1.69
1.16
5.69
9.16
1.19
1.05
4.23
1.52
1.13
1.48
2.03
1.49
0.78
12.52
1.33
2.21
5.68
1.91
1.36
0.88
2.64
1.29
1.62
1.23
1.90
2.35
1.29
3.17
1.67
1.47
2.66
1.27
5.20
8.79
1.37
1.55
1.80

Mn
28.97
130.31
492.88
638.00
48.98
972.60
159.44
75.74
43.89
53.27
26.93
222.03
470.81
515.79
27.09
50.95
23.53
55.71
51.05
80.39
141.79
233.78
109.24
434.53
42.58
74.17
41.47
61.94
56.68
60.64
74.13
154.39
59.42
406.53
24.96
721.99
264.94
82.64
107.01
35.63

On the basis of the results on the concentration of heavy metals (Pb, Ni, Zn, Mn
and Fe), with a total of 10 plants in four localities in a protected natural resource
“Kosmaj” we can conclude that all results clearly show that the samples of plant
material from all sites are not contaminated by any of the tested heavy metals.
Area of Kosmaj is a healthy environment, as proven by the exact results of
these studies, which is just another link in the chain that the absolutely exact data on
the concentration of heavy metals in plants, fully and legitimately justify by putting
natural resource “Kosmaj”, under the protection as area of exceptional importance.
4. CONCLUSION
Forests of researched area of mountain Kosmaj have the highest value of social
function, due to fact they are located close to urban settlements, values of ecologicalstability function is less. Average financial value of bioproduction function is much
less. Potential of all functions are higher than effects (current state), and could be
achieved if the condition of this forests would be better by implementation of forest
management measures. Thus, it will be achieved higher financial value of the
function of these forests.
As for content of heavy metals in this area plants, it can be concluded that this
area has good environmental conditions and it is completely justified to protect this
place as a place with special characteristics. But, some heavy metals are close to
value MAC, or they are a bit higher than MAC, in order to achieve the best results, it
is necessary to proceed with permanent monitoring of the status of area of Kosmaj.
Ecological functions of the area are good enough, not only practically but also
scientifically, but it should be emphasized that environmental condition is never so
good enough. It means that these results will be a base for further research and all
actions in protecting and achieving better conditions at the area and, on the other side,
it could be a good base for defining some following strategy that is a very important
factor for environmental improvement.
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ABSTRACT
This paper derived from research, conducted during program Exchange 3, "Joint efforts for the
protection and management of river Pek," that demanded, in accordance with the EU Water
Framework Directive, to describe river basins in economic terms. Economic analysis is a central part
of the planning process, and its purpose is to obtain the information needed to make management
decisions and to inform stakeholders and the public. At the level of the river basin economic analysis
includes three dimensions: 1) economic characterization of water use: present and future projected
economic importance of the capacity and potential of water resources; 2) program of measures to
achieve good water status: a cost-benefit analysis, analysis of the scope and impact of the cost; and 3)
water services pricing policy: assessing institutional alternatives for the recovery of costs of water
services, including analysis of cost allocation. The analysis consists of reconciling current and
projected data about water supplies and the costs and benefits of water services to the level of the river
basin within the local community and integrated to the level of the subregion.
Key words: EU Water Framework Directive, economic characterization, economic evaluation,
methodology

1. PRELUDE
The starting point of the EU Water Framework Directive [1] represent
principles of integrated river basin management. This includes the harmonization of
objectives for water protection with socio-economic characteristics of the river basin.
Different ways of using water creates pressure and a potential danger in terms of the
negative impact on water status, but, at the same time, they significantly affect the
conditions and the level of economic activity and contribute to economic
development and social welfare. The introduction of the economy in the preparation
of River Basin Management Plans, creates conditions for harmonizing the conflicting
interests of stakeholders about the principles of sustainable development.
Economic analysis is a central part of the planning process, and its purpose is to
obtain information needed for making management decisions and to inform
stakeholders and the public. It is the information on water use, their economic
importance and their impact on water status, about the cost of producing and who
bears these costs.
Economic elements of the EU WFD represent most controversial and the most
challenging part of the process of implementation of the EU WFD. In order to
achieve sustainability of water resources, the EU WFD declared and integrate
economic principles, such as:
• full cost recovery based on the "polluter pays" principle,
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• the use of economic methods and tools "analysis of economy" as an important part
of the decision making process,
• integration of economic instruments in water policy and management.
Economic policies in the framework of the Common Implementation Strategy
– CIS at the EU level, provide a conceptual framework for the introduction of
economic analysis in the process of drafting the river basin management plans,
defining some basic economic terms and provide practical guidance for access to
certain economic issues. In accordance with CIS, the implementation of the EU WFD
will become operational in three steps, Table 1.
Economic tasks in the implementation of the EU WFD are:
Step 1 - economic characterization (description) of the river basin;
Step 2 - detailed economic analysis of river basin;
Step 3 - defining the most economical program of measures to achieve the required
goals.
Table 1. Economic tasks and steps in the implementation of the EU WFD

STEP 1 –
CHARACTERIZATION
Description of the river basin:
Characteristics of water;
Pressures and impacts on
water;
Water services and water use.

STEP 2 – RISK
ASSESSMENT
Forecasted status of river
basin;
Required status of river
basin;
River basin at risk.

STEP 3 – PROGRAM
OF MEASURES
The potential of
individual measures;
Economical individual
measures;
Feasible program of
measures;
Deviations;
River Basin
Management Plan.

Economic analysis is a tool that is used in order to enable decision-makers to
adopt a realistic and effective decision. Economic analysis, by itself, is not the one
who makes decisions, it only helps – similar to other disciplines and expertise – to
make better decisions interpreting their economic dimension and impact.
2. ECONOMIC CHARACTERIZATION OF THE RIVER BASIN
Economic characterization refers to the collection of data and defining
indicators of the status and trends in the use of water, which are an important basis for
decision-making at a later stage of planning. It includes:
1. assessment of the economic importance of water use, which is used for the
identification of potential conflicts between economic development and protection of
water and "opens" the way for recognition of the key issues of water management as
well as arguments for possible deviations from the environmental objectives
established by the WFD;
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2. defining the baseline scenario (long-term dynamics of the development of
river basin) as the starting point for assessing the expected pressures and water status,
water bodies "at risk", where the predicted status does not match the status that
requires EU WFD;
3. assessment of the achieved rate of cost recovery for water services in a way
that together with financial costs takes into account the resource and environmental
costs. The inclusion of externalities [2], external costs, which occur when a subject's
activity causes damage or loss to another entity and when this loss is not compensated
[3],, seeks to identify the full economic cost of water services, and by implementing
the principle of cost recovery avoid their transmission to future generations.
The purpose of this step is to take advantage of existing and available data to
give an introductory overview of the use of water resources in the basin of the river. It
includes an economic analysis of water use trends in supply and demand, and current
levels of cost recovery for water services.
The main objective of the economic analysis of water use makes estimates
importance of water for economic and socio-economic development of the river
basin. It will provide an economic profile of the river basin in terms of general
indicators, for example – economic turnover, gross income, employment or number
of major water users.
The objectives of this step are testing the status of water use in terms of
studying the impact of human activities (industry, agriculture, recreation, water,
commercial fishing), water services in terms of water supply, border recovery of the
costs of these services, as well as the institutional framework for cost recovery.
3. EVALUATION OF ECONOMIC IMPORTANCE OF USE WATER
Economic characterization begins by identifying the significant water use and
water services in the river basin. In accordance with the EU WFD, the term "water
use" refers to water services, and any other human activity, according to the analysis
of pressures and impacts, has a significant impact on water status. This means that the
entry of a specific activity in the category of water use or water service depends on
the state of water in the river basin.
Preliminary analysis of certain economic activities related to water
consumption and contribute to pollution or some other form of deterioration of water
status (morphological, biological) showed that industry and agriculture can be singled
out as significant users of water in the river basin. In other economic areas there are
several economic elements identified as significant sources of pressure. In terms of
economic characterization, the most common economic activities are grouped into
three basic economic sectors, as shown in Table 2. At a later period, and depending
on the results, it may decide on a possible more detailed economic analysis. Detailed
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analysis can be carried out for example. in certain limited areas of the river basin, on
which the identified risk of failing desired water status.
Table 2. Overview of the main economic sectors for characterization of water use

ECONOMIC SECTOR
Agriculture
Industry
Services

ECONOMIC AREAS THAT ARE COVERED BY
SECTOR
Agriculture, hunting, fishing, forestry
Mining and quarrying, basic manufacturing,
construction, electricity and water supply
Other services

To understand the economy of the basin and to give socio-economic overview
of the basin, using the economic development indicators, such as gross domestic
product, the number of legal entities classified by sectors, review of investment,
employment rates, wages and salaries.
The economic importance of each form of water use must be seen both from the
standpoint of its importance as a user of water, and from the standpoint of his
absolute and relative contribution of physical and chemical quality of the water in the
river basin. It is not necessary to report on all activities in the river basin, rather than
just those who exert significant pressure or influence. Forms of water use can be
divided on the use of water or release into the water.
Selection of linking socio-economic information with information about the
pressure at the level of a particular sector must be carefully designed. Data on the
physical flow of water, the amount of pumped water and water pollution are used as
indicators of pressures. Such analytical indicators will allow comparison and ranking
of the sector in relation to water use efficiency and represent a good basis for
decision-making in water management.
The term "water services" means all activities reservoirs, pumping, storage,
processing and distribution of surface water or groundwater, or services of collection,
treatment and disposal of wastewater provided to households, public institutions and
businesses. Perpetrators of these activities are not, by themselves, water users, but
they mediate between water resources in nature and actual users: households, legal
entities and institutions.
4. DEFINING THE BASELINE SCENARIO
The basic scenario is a projection of the selected group of indicators of water
services, in accordance with applicable policies, for example. Notwithstanding the
requirements of the EU WFD. It is about predicting the future needs for water and
investment in water services and water use by 2015, which is planned date for
achieving the objectives of the EU WFD.
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The main activities of this approach models the assessment of existing
economic trends, forecasting future economic trends and implications and plans for
future investment in the water sector.
5. ASSESSMENT SUCCESS RATES COST RECOVERY FOR WATER
SERVICES
Assessment rates of cost recovery for water services shall be performed to
determine at what level the current rate of return, as to who and how they affect the
current price policies lead to efficient use of water.
For the calculation of cost recovery can be used a simple formula:
The rate of cost recovery (%) = (total revenue - subsidies) / total costs x 100
It is significant that in the aggregate amount of costs calculated the total economic
expenditure (financial costs, environmental costs and the cost of water resources), as
they are defined in CIS guidance about the economy.
The financial costs consist of:
•

•
•

operating and maintenance costs – running costs (personnel costs, material
costs, energy costs and other expenses related to providing daily service) and
maintenance costs to fixed assets maintained in good operating condition until
the end-of-life;
administrative costs – the costs of the regulation of water services (eg. The
concession fee, the cost of water resource management);
capital costs – expenses relating to investment in infrastructure (expenses
payments of principal and interest relating to new investments, depreciation
and amortization).

Environmental costs and resource costs related to damage caused to water
resources, environment and other water users due to disruption of water quality or
depletion or inefficient use of water resources. In Serbia there are no usable
experience calculating cost recovery with the inclusion of these costs and so that they
can be used only by the experience of the EU countries.
Analysis of cost recovery had to be limited to the level of municipal water
services: public water supply and drainage of urban waste water, because the data and
information for the analysis of cost recovery available at this level. To complete the
analysis, it is necessary to include other socio-economic sectors, which mainly
depends on the availability of data from these sectors. The methodology will be
implemented depends on the institutional arrangement of municipal water services in
the Republic of Serbia.
Municipal water services are the responsibility of local authorities, who are
obliged to, either independently or in cooperation with others, ensure their operations
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in their area. To perform these activities may establish a utility company, a public
institution, or they can be trusted with other persons or entities on the basis of a
concession contract or contract on entrusting the activity of water supply.
The service provider is responsible for the management and operation of water
infrastructure. Revenues from the execution of the activities are realized through the
price paid by service users. The infrastructure of water supply is mainly owned by
municipalities or cities, which are responsible for the adoption and implementation of
the program of investment in water supply work in the equipment. Given the fact that
such infrastructure is of national interest, much of the funding for the co-financing of
the construction is provided at the state level.
The components that make up the price of water are: the price of water services,
price services wastewater, purification (cleaning and water treatment), fees for
financing and maintenance of infrastructure, source protection, water protection,
water use fees, VAT on the price utilities, and likely future concession fee for water.
The current structure of the price of water contains several instruments for the
reimbursement of the costs:
• The fee for financing infrastructure – local budget revenues designated for the
construction of the aqueduct, which optionally prescribed by local authorities;
• water charges (water protection fee, fee for water use);
• mandatory fees required at the state level, intended to cover the costs of
managing the quality and quantity of water resources and reinvestment in
water infrastructure, which is of national interest.
6. ECONOMIC ANALYSIS OF WATER USE
For River Pek basin analysis of water use is implemented in four steps:
1. The assessment of the economic importance of water use,
2. The trend analysis,
3. Analysis of cost recovery,
4. The information to support the analysis of the most cost effective measures.
6.1. Assessment of economic significance of water use
The economic significance of each water use must be assessed both in terms of
its importance as a consumer of water, and at its absolute and relative contribution of
physical and chemical quality of the water in the river basin. It is not necessary to
report on all activities in the river basin, but only list those that perform significant
pressures and impacts. Water use can be characterized as pumping water and drain as
the water.
Abstractions are made in a number of purposes, including providing water for
drinking and household water use in manufacturing processes. Water which derive
aqueducts supplying the household as well as legal entities, which include industrial
and commercial use, as well as consumption in schools, hospitals, etc. Some
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industries may have, which is not uncommon in the basin of the river Pek, own water
sources and these kinds of abstractions must also be examined. Agriculture, if
developed, consumes large amounts of water. Water in agriculture is used for many
purposes: growing crops, gardening, horticulture, animal husbandry. Fish farming
uses large quantities of water. However, this water is returned after use in streams,
and this use is not subject to consumption.
The main aspects of water use could be as follows:
•
•
•
•
•
•

pumping water from water supply (water supply households, industry and so
on.)
supply to households,
supply industry,
pumping water for irrigation,
use of water for fish farming,
use of water for tourism and recreation.

The first step of the economic analysis of water use in the basin of the river is
the clear identification of the use of water, to locate and clarification in terms of the
importance of their pressure on water bodies. Since the use and users are identified, it
is the collection of data, in order to give a description and information about each use.
It is necessary to examine whether there are any previous studies or databases. Data
analysis should answer the following questions:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

What activities have a significant impact on water resources?
How much water is consumed each user?
The number of companies that carry out water supply
Percentage of population with access to public water supply
Percentage of population with its own supply
How much water drain plumbing?
What is the water consumption per capita?
Is there water losses and what is the percentage of losses?
How much water industry derive if they have their own supply?
To what water is used in the production process?
What is the percentage of arable land and the percentage of land under crops?
What is the percentage of land that are under irrigation?
What types of crops are usually grown in the basin of the river?
What is the number of the pond?
What kind of fish are grown?
What is the annual fish production?
What is the impact of tourism on water consumption?
What is the number of overnight stays per year?
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Discharges to water are the use of water, because water flows are used as
recipients for wastewater. The water users such as households, industry, agriculture
are also consumers and polluters of water. Numerous discharge into water bodies
have an important impact on the water status. The main threats to water quality are
discharges of municipal and industrial wastewater directly into the nearest rivers and
streams, as well as leaching from agricultural land on which to use fertilizers and
pesticides. Different types of industries bring different pollution in the river,
depending on whether it comes to the food, metal, textile and other industries. The
agricultural sector has the potential to affect water quality in a number of ways, such
as spots or diffuse pollution (mainly pollution by nitrates, phosphates and pesticides).
Economic analysis of water use in the basin of the river Pek was supposed to
provide information about how the current ecological status affect water use,
especially emissions. Therefore, it was necessary to clearly identify each entity that
affects the water status, then to locate and describe. Issues to be explored read:
•
•
•
•
•
•
•
•
•

Which sectors to bring pollution rivers sorted by relevance their impact?
What quantities of wastewater collected and dropped to the sewer plumbing?
The quantities of wastewater, distributed to households, economic sector
(industry) and non-economic activities
Percentage of population with access to sewerage
Percentage of population with access to the plant for waste water treatment
Percentage of treated wastewater
Industries with wastewater treatment
The impact of pollution on aquatic life
Type of pollution (nutrients, heavy metals, the resulting / sudden pollutants
[emerging pollutants])

There is a lot of information that require research and data collection in order to
do that, a complete and comprehensive assessment of water use in the basin of the
river Pek. The integrated database can contain two types of data on water use. On the
one hand, it may contain descriptive or empirical information, as well as certain
analytical information linking technical, environmental and economic data - all to
assess the economic significance of water use, and contribute to economic
development should be described in a way to explain participation water use, for
example transport, employment, income, number of those who will get some use out
of and so on.
Analysis of water use can result in a number of identified and defined forms of
use in various sectors of the economy. Usually the most common and easiest to
identify water use in households, industry and agriculture, and is also considered that
the use of the clearest. But they are not the only one. There are also other use, such as
tourism water or with water, recreational and sporting use, and aesthetic values. Of
course, the significance of these methods of water use depends on their development
in the river basin.
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Households are a significant user of water, given the fact that this is the most
fundamental and unavoidable aspect of water use. The households are supplied with
water, and used water in order to discharge its waste water. Accordingly, it may be
consumers of water and may be water pollutants. The supplier of water to households
in the basin of the river Pek is usually municipal water supply. But households
sometimes have their own source of water, in which case the water consumption
cannot be officially controlled. In any case, household are well-known as a very
significant consumers of water. Also, wastewater collection should be made by the
municipal water supply. However, in the basin of the river Pek households are often
not connected to the sewage system, and then use alternatives, such as septic tanks or
direct discharge into waterways. Even when households are connected to the sewer
system and the wastewater is discharged into watercourses. Households in the basin
of the river Pek not only large consumers, but are also important water pollutants.
Economic analysis of river basin Pek analyze all relevant and available data and facts
relating to the impact on household water status.
Industry and agriculture can be more or less developed in a river basin. The
significance of their impact on water status, in terms of water consumption and water
pollution, can vary from one river basin. One of the steps in the identification of
water use in the basin of the river Pek is examining the development of industry and
agriculture in the river basin. Some river basins may have poorly developed industrial
production, unlike other industries where it is developed and where and water
pollution significantly. Industrial water use can be examined more closely so as to be
divided into types of industries, such as .: food processing, textile and leather, paper
industry, metal industry. Ways to use water in the industry can be numerous, such as
processing, cleaning, transport, dilution and cooling in production facilities. Industry
often re-use the same water several times and for different purposes. In terms of
agricultural development, some areas are exploited for mass agriculture, while other
areas may be completely unsuitable for agricultural production. Agricultural land use
can be divided into use for irrigation (farms, vineyards, pastures, horticulture, parks,
etc.), Breeding livestock, fisheries and forestry. Therefore, it is necessary to examine
the economic value of such use, bearing in mind their environmental consequences.
The exploitation of sand from river beds is a form of water use, it is one of the
characteristic activities of the Sava river Pek. In this case, the sand is used, not the
water, but the exploitation of sand changes the ecological and aesthetic value of the
river. For example, natural river banks can become modified due to the impossibility
of creating new layers of sand. This activity can threaten the habitats of flora and
fauna.
Tourism in and around the water is one of the economic sectors which can be
identified as water use. If the tourist offer of an area based on activities that are
associated with water, then it is a form of tourism and water use. This means that
potential tourists trying to attract a specific area of natural beauty, as well as the
possibilities of using water areas for recreation. Tourists can be consumers of water,
and water pollutants. They can be people without water consumption and clean water
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and without its pollution, and the way that they use bodies of water for swimming,
rafting, or recreational fishing.
There are other forms of recreational water use, such as camping along the
river, rafting, kayaking. Economic and environmental value of these modes of use
and their impact on water status should be investigated and determined. Recreational
activities can affect water resources directly and indirectly. Direct effects occur when
recreational activities, such as swimming or boating, performed directly on the water.
Indirect impacts arise when land and recreational activities, such as camping or
hiking, taking place near the riverbanks.
6.2.Trend analysis
This step of the economic analysis of water use should provide a rough forecast
of who will use the water in the next 10 years. Annex III of the EU WFD stresses that
economic analysis should "take into account the long-term forecasts of supply and
demand for water in the river basin and where it is necessary to evaluate the quantity,
prices and costs associated with water services and evaluate relevant investment
including forecasts of such investments ". Performing long-term prognosis is also
called the script "business-as-usual" (business as usual).
The analysis of the trend would mark the pressures and key socio-economic
drivers that may affect these pressures: demography, climate, sectoral policies, for
example. common agricultural policy, technological development, and thus on the
water status. Increasing demand for water by households dependent on trends in the
annual increase in population and in this way one might predict. Any plans that are
made in the region on issues of industrial, agricultural or tourism development will
certainly have a significant impact on the demand for water. You must make some
projections of these trends and developments. Existing water legislation dealing with
issues such as the protection and conservation of water also may result in an impact
on the demand for water. Three sources of information that can be used to start the
trend analysis approaches are:
•
•
•

population projections,
development plans of municipalities,
industrial / commercial / business plans.

It should should be also known that the nineties represented a major political,
social and economic turning point for Serbia (decomposition "major" federal
Yugoslavia, the war in the region, the secession of Kosovo and Metohija, the change
of the political system, the transformation and privatization of the economy, engaging
in processes of integration and globalization) as confirmed by the socio-economic
indicators during this period. Data on GDP, as synthetic indicator of production of
certain economies, showing a marked reduction in economic activity in the years of
sanctions and war in the region, a period of political instability that lasted several
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years, the economic recovery after 2000. Due to this fact, it is often not possible to
identify valid historical trends, which would be the basis for forecasting future status.
As far as the future demand for water and the water pressure, the assessment is
based on expected flows of certain macroeconomic and sectoral variables from
existing plans and strategies. There are many such documents that analyzed the
development goals and needs of specific sectors and systematized programs and
measures to achieve these goals, often at the state level. Based on these documents, it
is possible to make a scenario of water use in the future, or to assess the level of
pressures and impacts on water coming from them.
Projections of basic demographic and macroeconomic indicators are given in the
physical planning documents and Strategy development of macroeconomics.
6.4. Analysis of cost recovery
The first fact that it is necessary to look at is the current level of cost recovery.
Analysis of cost recovery for water services [5] based on the financial information
that is publicly available at the local and state level. Annual financial reports are
collected for all utility companies that provide water and wastewater services for
users in the basin of the river Pek.
When calculating the cost recovery should include companies whose primary
function is the provision of water services. Assessment of cost recovery rate includes
an assessment of the costs of operation, maintenance and management of the water
supply system. In the basin of the river Pek is necessary to follow some basic
parameters, ie categories: number of employees, total revenues, subsidies, grants,
total expenditure. On this principle can reach cost recovery rate. It is necessary to
collect data on prices of water for water companies in the Danube River Pek, but also
contribute to the recovery of costs of key-large water users. After defining services
and their costs, the analysis should give answers to the questions:
•
•
•
•
•
•
•
•
•

What are the fees for water and waste water in water supply systems in the
basin of the river Pek?
Do existing prices cover the costs of services?
What is the percentage of covering the costs?
Do these prices provide incentives rational use of water?
What is the collection rate for the water?
What are the legal and institutional instruments for regulating prices and cost
recovery?
It applies whether the principle of "polluter pays" principle?
What is the amount of external subsidies to the sector?
Where are they from external grants and the way in which they financed?
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6.5. Information to support the analysis of the most cost effective measures
The methodology for selecting the most cost-effective measures, in fact, the
identification of potential risks to water body identification pressures and whoever
produces pressure. The essence is in the necessity of analyzing expenditures and
benefits of potential measures and instruments, and the next step is the selection of
the optimal, the best combination of potential measures.
6.6. Program measures
The program measures (EU WFD, Article 11) is located in the heart of river
basin management planning, and it defines the actions to be taken during the planning
period, in order to ensure the objectives of the Directive, and includes the following
circumstances:
•
•
•

basic measures necessary for the implementation of legislation for the
protection of water in the river basin in accordance with other relevant
directives;
auxiliary measures, measures relating to prices or other economic instruments
with a view to provide incentives to encourage the sustainable and efficient
use of water;
additional measures, if the above is not enough to achieve the requirement of
the Directive (eg. for international river basins).

7. IMPLEMENTATION OF THE PROGRAM MEASURES OF DIRECTIVE
FOR THE TREATMENT OF MUNICIPAL WASTEWATER
The Water Framework Directive requires to identify "significant pressure" as a
central part in the characterization of the river basin, as stated in Article 5 and Annex
II of the EU WFD. Article 10 of the EU WFD emphasizes the need to use a combined
approach for dotted and diffuse pollution, which indicate both the:
• aim water quality or water quality standard, and
• the best available techniques (BAT), expressed as emission limits.
While the EU WFD concerned with the quality of the environment, UWWTD
[4] deals emissions. Directive for treatment of urban waste water (Urban Waste Water
Treatment Directive – UWWTD is BAT directive and it highlights the emission limit
values.
UWWTD Directive requires that all agglomerations with more than 2,000
population equivalent (PE) must have collectors for municipal wastewater. So, we
can count on each agglomeration with a population over 2000 PE represents a
significant pressure, the recipient can be regarded as potentially "water body at risk."
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8.CONCLUSION
This work stems from research, of the program Exchange 3, "Joint efforts for
the protection and management of river Pek," that demanded – in accordance with the
Water Framework Directive of the EU – that the river basins described in economic
terms. Economic analysis is a central part of the planning process, and its purpose is
to obtain information needed for making management decisions and to inform
stakeholders and the public.
The methodology for the economic evaluation of water management and
economic analysis contain enough detailed information with a view to making
appropriate cost projections, with the principle of recovery of cost recovery for water
services, long-term forecasts of supply and demand for water in the river basin and,
where necessary: estimates of volume, price and the costs associated with water
services, which includes the estimated investment, including relevant forecasts of
such investments. In this sense, the methodology and economic analysis, can serve as
a "matrix" for some next-like characterization of river basins.
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ABSTRACT
Climate change and environmental security became a problem because it directly general
security caused open conflicts have the potential to destabilize the regime, may lead to migration of the
population, and even the disintegration of the state. The issue of environmental security is global, but
also regional and national issue whose solution depends on the political, social, cultural, religious,
economic and other support and cooperation, and requires the construction of a higher level of
environmental responsibility. At the national and global levels mechanisms need to be find to
collective action to reduce the uncertainty that comes from all environmental threats. Solutions are
presented and the impact of climate change on forest ecosystems through the timely application of a
range of adaptive measures to mitigate the changes and thus improve security threats at national and
regional level.
Keywords: climate change, model, ecological security, forest ecosystems

1. INTRODUCTION
The transnational nature of the environmental security is pursuing new
strategies of defense and cooperation. Multipolar global political, economic, and
military power, growing human demand for natural resources, economic crises,
population growth, deepening of the differences between developed and
underdeveloped countries, rapid advancement of technology, an increasing number of
criminal and terrorist organizations, and proliferation of weapons of mass destruction
increase uncertainty about the future of international security. These changes are so
rapid and complex that it is increasingly difficult to develop a realistic long-term
strategy and impossible for one nation to manage these changes alone.
Climate change is specified as a key issue “that will play a significant role in
shaping the future security environment.” Climate change and environmental
degradation are recognized as a threat multiplier with large-scale implications on the
availability of natural resources. While the countries that are affected by the lack of
natural resources may experience local civil disorders, resource-abundant countries
may experience increased immigration and exposure to extremism, terrorism, and
organized crime (Quadrennial Defense Review 2010).
The Millennium Project (www.millennium-project.org) defines environmental
security as environmental viability for life support, with three sub-elements:
preventing or repairing military damage to the environment, preventing or responding
to environmentally caused conflicts and protecting the environment due to its inherent
moral value.
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2. INTERNATIONAL CONFLICTS AND ENVIRONMENTAL EFFECTS
Since the mid–twentieth century more than 90% of major armed conflicts have
taken place in the countries with biodiversity hotspots. The Pacific Institute’s Water
Conflict Chronology Map identifies more than 100 water-related conflicts that have
occurred over the past 25 years. The conflicts driven by the factors related to natural
resources and/or degradation of environment are twice as likely to get back to
violence or turn back to wars within five years. According to a study of UNEP less
than 25% of the relevant peace agreements address the issues of environmental
resources.
Although `Protocol 1` of the Geneva Conventions contains the text about the
protection the natural environment, mechanisms to protect natural resources during
armed conflicts are still lacking, as well as the permanent international authorities
that would monitor violations and determine the responsibility and claims for the
damage in those situations. Furthermore, there is no agreement on the definitions of
the terms `widespread`, `long-lasting`, and `severe` or a standard definition of what
makes a “resource conflict” or illegal resource exploitation and trade. The majority of
international legal provisions on the protection of the environment during armed
conflicts, including the ICRC Guidelines on the Protection of the Environment during
Armed Conflict (1994), are designed for international armed conflicts, while the
majority of current conflicts are internal; therefore the legal instruments do not apply
to these situations.
An increasing number of endangered countries fail to overcome cultural, social,
political, and economic barriers and successfully address environmental challenges.
UNDP states that environmental stress may undermine the security of the Arab
region. Lebanon might face the lack of fresh drinking water by 2015, due to the
combined effects of several factors, including the 1975–90 civil war and the years of
political turmoil, water rights disputes with Israel, poor water management,
inappropriate infrastructure, and growing population. It is estimated that 80% of the
conflicts in Yemen are over water. 90% of the water in Yemen is used for agricultural
purposes, 50% of which is used for the production of a mildly narcotic plant, called
qat. The plantations are controlled by the qat mafia. However, the problems related
to water, food, and security could be resolved by offering farmers an alternative to
qat. The UN Mission in the Gaza conflict (December 2008–January 2009) found
evidence that both Israeli and Palestine committed violations of international law by
using white phosphorus, fléchette missiles, DIME (dense inert metal explosive)
munitions, and depleted uranium. After the conflict, it will take centuries to restore
the environment to its previous state. The extent of the ecological disaster caused by
the conflict in Iraq is immeasurable. Unexploded bombs and 25 million of land mines
are polluting the soil. Hazardous waste (chemical waste, rubble and garbage) that is
leaking out of destroyed factories, chemical weapons and depleted uranium have
created 105 contaminated areas, making more than 60% of Iraq’s fresh water
polluted.
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Environmental degradation and hazardous munition leftovers in many postconflict areas around the world threaten the lives and health of the present and future
generations and may be an obstacle in the way of lasting peace. The abandoned
ordnance that has been leaking since World War II increases dangerously high levels
of heavy metals and other toxic chemicals contaminating the oceans and endangering
marine ecosystems and human health.
3. RESPONDING TO ENVIRONMENTALLY CAUSED CONFLICTS
The UN identifies five channels through which climate change can have
security implications: impacts on lives and vulnerability of people, economic
development, population migration and/or conflict over the lack of resources,
displacement of entire communities (due to the sea level rise) and access to natural
resources.
An assessment study of the quantitative links between climate change and the
risk of civil war in sub-Saharan Africa revealed that between 1980 and 2002, the
incidence of conflicts across the continent rose by almost 50% with a 1°C
temperature increase in a given year. Starting from these assumptions and using 20
global climate models, researchers have warned that if mitigation measures are not
taken as soon as possible, the incidence of African civil wars could increase by 55%
by 2030 compared to 1990.
The pattern of local conflicts is likely to occur in sub-Saharan Africa, Southeast
Asia, India, China, Pakistan, and Burma in the following decades, although the “war
over water” is pretty unlikely to happen. We are warned that terrorist groups could
start attacks on water infrastructure systems as valuable targets and cause water
availability problems. Furthermore, in the countries such as Pakistan, the widespread
discontent with the West could be intensified as water resources become scarcer,
which could help the recruitment of extremists.1
UNEP states that the global sea level rose on average by 3.4 mm/year over the
past 15 years, which is 80% above the IPCC forecasts. According to NOAA, the
2000–09 decade has been the warmest one since the beginning of instrumental
temperature measurements in the 1880`s. The Met Office notes that a new El Niño
period started in 2010. The sun began to increase its brightness, as part of its 11-year
fluctuation cycle (it was at the bottom of the cycle in 2009). The global average
temperature is forecast to rise by 4°C by 2060.
Satellite measurements show that the ice cover has decreased by more than
40%. This fact has forced scientists to reassess the date of the first ice-free Arctic
summer. There are some forecasts that the “northeast passage” for shipping around
1

In the so-called Caliphate, a state that was formed on the territory of Iraq, the main battles are
currently fought over a large water reservoir in the north of the country.
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Russia’s Arctic coast and across the North Pole will become accessible within a
decade.
The route between Rotterdam in the Netherlands and Yokohama in Japan will
be 40% shorter and at the same time it will be safer for global shipping. Circumpolar
countries are constantly strengthening their scientific, economic, and military
presence in the Arctic because of its substantial supply of oil and gas reserves.
The number of people around the world who will need humanitarian aid due to
natural disasters caused by climate change might increase from 250 million today to
more than 375 million by 2015. The UK Government has announced that it will
recommend doubling of the relevant UN budget funds, along with the reconsideration
of the entire system.
The World Bank states that poor nations will be faced with increased floods (by
75–80%), increased desertification and other disasters caused by global warming. It is
estimated that by 2030, developing countries will have to spend $75 billion a year on
adaptation and $400 billion on the advancement of the low-carbon development
technologies. The EU estimates that by 2020 a sum of €100 billion a year will have to
be allocated for addressing climate change issues. Countries in Africa and South Asia
might lose as much as 5% of their GDP if temperatures rise by mere 2°C.
4. GLOBAL IMPACTS AND VULNERABILITY
The countries most affected by climate change in the last 20 years (according to
Germanwatch Global Climate Risk Index) are Bangladesh, Myanmar, Honduras,
Vietnam, Nicaragua, Haiti, India, the Dominican Republic, the Philippines and China.
Apart from vulnerability, the small island developing states are concerned about the
lack of any bilateral or multilateral agreements for eventual relocation and
sovereignty status.
If the current trend continues, most glaciers in the mountains of tropical Africa
will have disappeared by 2030, and those in the Pyrenees by 2050. The temperatures
in Tibet have risen by an average of 0.32ºC per decade since 1961, which is
considerably above the global average. About 70% of fresh water is trapped in
glaciers. If they melt, the survival of a great number of people will become critical.
According to the World Economic Forum, almost 4 billion people will be living in
high-water areas by 2030. In order to supply food for 9.1 billion people by 2050,
world food production should increase by 70%. According to some estimates, 38%
of the world area, in 8 out of 15 existing eco-regions, is in danger of desertification
due to unsustainable land use practices. Genetically-engineered seeds are adapted to
drier conditions and help produce higher yields. However, researchers warn that
growing corporate control over seeds is decreasing diversity of traditional varieties
and traits that help farmers adapt to the effects of climate change, cutting the profit of
poor farmers and strongly affecting food prices. Furthermore, even if all global
targets are met, food prices will still rise by additional 76% by 2020 and another 600
billion people will face famine, warns ActionAid.
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Almost 10% of the world’s population is at risk of forced migration due to
climate change, and up to 150 million `climate refugees` might move to other
countries by 2050. Tuvalu, Fiji, the Solomon Islands, the Marshall Islands, the
Maldives, and some of the Lesser Antilles are all in danger of losing a significant
portion of their land in the next 50 years, while the countries in which large
migrations might occur include Bangladesh, Kenya, Papua New Guinea, Somalia,
Yemen, Ethiopia, Chad, and Rwanda.
5. CLIMATE CHANGE AND THE CONCEPT OF THE SUSTAINABLE USE
OF NATURAL RESOURCES IN SERBIA
At the Climate Change and Security Conference - IES held in Brussels on
February, 17 2010, the territory of Serbia was marked as part of the European
territory which will experience drastic effects of changes in ecosystems, an increase
in the number of wildfires and a negative impact on agricultural production (Map 1).
The study of various climate change scenarios (global, regional) shows that the
territory of Serbia is one of the regions in which climate change is threatening the
sustainable use of natural resources. Within the following decades, the entire region
of Southeast Europe could experience even more harmful effects of climate change
on (genetic, species and ecosystem) biodiversity. They would be observed as changes
in the altitudinal and latitudinal zonation of vegetation, increased risk of species
extinction caused by synergistic effects of climate change, and habitat fragmentation,
redistribution and migration or disappearance of certain forest species due to high
temperatures and declining groundwater levels, etc.
The Earth is facing another mass extinction of plant and animal species similar
to the one that happened 65 million years ago when dinosaurs became extinct.
Increasing human activity has destroyed a great number of habitats that are usually
fragmented or damaged by long-term pollution from different sources.

Map 1. The territory of Serbia is
marked as part of the European territory
which will experience drastic effects of
changes in ecosystems, an increase in the
number of wildfires and negative impacts on
agricultural production (source: Climate
change and security Conference – IES, 2010)

Europe has been warming faster than the global average. Different climate
model projections based on different climate change scenarios indicate that the annual
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temperature is likely to rise a further 1 to 5.50C by the end of the century. During the
winter, the highest warming is expected in the east and north, and during the summer
in the south and in the Mediterranean part of Europe.
Serbia has entered a period of increasing air temperatures accompanied with a
reduction in the total annual rainfall quantity. Consequently, changes in the intensity
and frequency of extreme weather events, such as droughts, floods, landslides, soil
erosion, heavy storms accompanied by hail, blizzards and avalanches, waves of
extremely high air temperatures, frosts, short pouring rains, forest fires, conditions
favouring the spread of pests and epidemics, have been recorded, causing human
casualties and material damage. Under the moderate scenario, the precipitation
amount in Serbia is projected to decrease by 15-25%, whereas the worst-case scenario
envisages a decrease of up to 50%.
6. ADAPTATION OF FOREST ECOSYSTEMS TO CLIMATE CHANGE
The intensity of change of climatic parameters is higher than the natural
potential of many species to adapt to new conditions. This is particularly emphasized
in the areas with fragmented terrain, where the species shifting will be further limited.
Climate change has caused shifts of many plant species in Europe towards north and
higher altitudes. Mountain ecosystems are changing. Cold-resistant species are being
driven out of their present habitats by the species adapted to a warmer climate. By the
end of 21 century, the distribution of European plant species will be shifted several
hundred kilometers to the north, the forest area will shrink in the south and expand in
the north and 60% of mountain plant species are most likely to become extinct. Since
two thirds of the Serbian territory is comprised of mountain terrains, there are species
whose populations are restricted to mountain tops, where there are no natural
corridors for their migration. Most of these mountain top species are endemic or
steno-endemic, which means that they are at great risk of becoming extinct. Their
extinction will significantly decrease biodiversity of the region.
Climate change creates conditions that favour introduction and acclimatization
of alien and invasive plant species. Invasive species exert adverse effects on
biodiversity and they are considered to be second top driver for biodiversity loss,
following the actual destruction of natural habitats. Invasive species drive
autochthonous species out of their habitats, change the structure and composition of
plant communities and reduce the overall species richness. Ecosystems that have
already experienced negative effects of human activities and had their natural
diversity reduced show extreme sensitivity to invasive species.
A combination of all these effects will directly affect the conservation of
biological diversity and economic management of natural resources.
The existing concept of sustainable use of `renewable` natural resources
(including forest ecosystems), is going through a crisis.
While developing a ‘new’ concept of sustainable use of forest ecosystems,
answers must be given to a number of questions, among which the most important
ones certainly are:
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•

What are the types of research that can help develop strategies for adaptation
to climate change?
• What is the role of education in raising public awareness about climate change
and enhancing the adaptation process?
• What should we know when we assess the level of forest response to climate
change?
• What actions can be undertaken in forest management without endangering
ecosystem functions in the future?
• What are the barriers to implementing adaptation measures in forest
management?
• Do current monitoring systems adequately monitor the changes caused by
climate change and do they enable production of favourable responses?
• What forest ecosystems and species will be capable of autonomous adaptation
and where can we enhance the adaptation by intervention?
Adaptation should reduce the vulnerability of forest ecosystems to climate
change. Although forest ecosystems can adapt to climate change on their own, social
benefits of forests are such that we have to shape the course and dynamics of
adaptation in some areas. In many cases, the society will have to adapt to changes
without being able to influence them directly. One of the tasks of research studies in
forestry is to assess the long-term impact of climate change and to determine where
and how to respond to this threat. Sustainable forest management must have inherent
elements of forest ecosystem adaptation (Holling, 2001) and it should be stressed that
the inclusion of climate change adaptation measures into the sustainable management
of forest ecosystems does not require large and risky investments.
Even without a clearly established correlation between forests and climate
change, it is even now possible to develop the adaptation strategy. Adaptation to
climate change refers to adjustments in ecological, social and economic systems
(Smit, B. et al., 2000; Smit, B. and Pilifosova, O., 2001). Considering the lack of
knowledge about the impact of climate change on ecosystems, the development of
adaptation measures and the social context must be highly speculative (Bartion et al.,
2002). However, practical adaptation measures must not have negative effects on the
current state of forest ecosystems, and effective adaptation policy must provide
answers to a wide range of economic, political and environmental issues
(Spittlehouse 1997, Dale et al., 2001, Holling 2001; Schmidt and Pilifosova 2001;
Spittlehouse et al., 2003). The greatest problem in the adaptation of forest and scrub
communities to climate change is the rate of their change. It is expected that the
application of adequate measures in forest ecosystem management could reduce
ecological and socio-economic effects of forest decline.
7. CONCLUSIONS
Climate change and environmental security are becoming a general security
problem because they cause open conflicts, have the potential to destabilize a regime
327

and may lead to population migrations, or even to the disintegration of a state. The
issue of environmental security is a global, but also regional and national issue. Its
solution depends on the political, social, cultural, religious, economic, and every
other kind of support and cooperation, and requires a higher level of environmental
responsibility. At the national and global level, we must develop mechanisms for
mutual action with the aim of reducing the uncertainty caused by environmental
threats. One way to reduce the impact of climate change on forest ecosystems is the
timely implementation of a whole range of adaptive measures to mitigate the changes
and thus reduce security threats at the national and regional level.
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ABSTRACT
Green Economy and Sustainable Development today in 2014, after the separate jurisdiction in
the institutions of the Republic of Serbia, without funding of this segment of the economy planned by
the budget of the Republic of Serbia and abilities, without consolidated finances with previously vested
financial obligations, with the projected unfinished laws and bylaws, with accents of society in many
other problems, which faced Serbia in the period 2012-2014, and accordance with the EU 2020
strategy. It is a must to define the main principles of the implementation of infrastructure projects in
the green economy, which have so far been yielded in many state strategies.
To ensure better planning of the implementation of EU requirements and undisturbed
preparation for the screening of Chapter 27 (from 17 to 21 November 2014) and to use financial means
from the funding donors to its maximum , the principles of planning in the environmental sector will
be complied. For such defined principles economic (financial) support is needed. Support for
infrastructure projects is not possible without the functioning of the state fund. Establishing the
framework for the future functioning of the Green Fund is necessary in many aspects: funding sources,
funded programs and decision-making process. The state should consider all possibilities of
functioning of the Green Fund, as it is one of the best examples of good practices for the sustainability
of the state budget.
Keywords: green economy, economic support, Environmental Infrastructure, sustainable development
of the state budget, green fund

1. INTRODUCTION
Green economy and sustainable development, today in 2014 after separated
jurisdictions in institutions of the Republic of Serbia, without planned financing of this
segment of economy by the budget of the Republic of Serbia and possibilities, without
consolidated finances with earlier obligations, with unfinished project laws and bylaws, with
social emphasis on many other problems that Serbia faced form 2012-2014, in accordance
with the EU Strategy 2020, are looking for new framework and measures of the state policies
in society. Many experts from this field demand bigger and stronger support for this subject
in public society, because everyday life shows them that this field is a question of survival of
Serbian citizens and that many standards are not the issue for EU, but our own relationship
towards the future.
The issues that appear besides the downfall of recycling industry that contributes to the
republic budget through ecological fees, and is not returned through any level of payment,
shows that 10 000 employees in this sector can easily be reduced; the issue of polluted
drinking water in cities and municipalities are becoming more frequent, as well as issues with
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accumulations that are, because of negligence and lack of money, at the edge of durability,
show that, as a society, we are unprepared for climate changes that each year lead us to
unplanned costs and collapses our economy.
Therefore, there is a need to define main principles and priorities in policies of the
Republic of Serbia for Green economy, as well as environmental protection and sustainable
development.

2. THE MAIN PRINCIPLES OF CONDUCTING INFRASTRUCTURAL
PROJECTS IN THE ENVIRONMENTAL FIELD
To enable better planning of conducting EU demands and uninterrupted
development of preparation for screening of the Chapter 27 (from 17th to 21st
November 2014) and to fully use funds from the donor1, the following planning
principles in the environment sector will be obeyed:
1. Concentration of resources on the most expensive sectors
All financial resources will be concentrated on the most expensive infrastructure that
is slowest in realization. It especially refers to EU demands specified by the Waste
Framework Directive, the Landfill Directive, the Urban Waste Water Treatment
Directive and the Drinking Water Directive.
2. Fulfillment of EU demands with minimal costs
Infrastructure development in the environmental field will be based on solutions that
satisfy EU environmental demands with minimal investment and operational costs
3. Public funds for development of priority public infrastructure
State resources will be concentrated on financing projects which will achieve the
most progress in development of public infrastructure for waste and water, which
satisfies EU standards. If the private sector receives financial support for
infrastructure development in the environmental field, the regulations of state help
have to be applied.
4. Cooperation for cost reduction
Financing in the environmental field will encourage, where possible and achievable,
cooperation between municipalities for solving environmental issues on regional level
to reduce investment and operational costs, as well as fees that population needs to
pay.
5. Phase approach during realization
The infrastructure in the environmental field will be developed in phases to reduce
costs and risk. Regional waste facilities will start with basic landfill body and waste
collection system, while in the later phase there is a plan for waste treatment. The last
phase is closing the all landfill and dumps, after building a regional system for waste
management. Waste water treatment facilities should follow the same principle, first
the adequate systems for collection and then treatment of waste water.
6. Distribution of IPA 2 funds between priority needs for infrastructure
Reflecting the amount of costs of approximation in the water and waste sectors, it will
be considered that 70% of IPA resources will be directed towards infrastructure in the
field of water and 30% of resources towards infrastructure for waste management.
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This share will be considered indicative for ensuring the sufficient number of projects
for financing form IPA resources.
7. The biggest environmental influences reduction comes first
Environmental influence should be considered during the project development for
financing and establishing priorities. The EU demands are that projects that reduce
large amounts of pollution should be supported first.
8. Receiving the maximum amount of funds for environment through cofinancing
To attract the biggest support, all forms of financing should be represented:
grants (including EU IPA), co-financing from state and local municipality budget,
loans from international financial institutions and other sources of financing.
Alternative financing, like private investments, should also be considered to reduce
the use of public funds of the Republic of Serbia.
9. Make investments available
To avoid unacceptable burden of population incomes, each project should be assessed
in terms of its availability (i.e. financial tolerance). An indicative number should be
used for planning of maximally acceptable fees costs of 4% of household income for
water and 1% for services related to waste.
10. Long-term planning for improvement of investment process
Multiyear planning of investing in the Environmental field has to be done because of
big costs, complexity of this sector and long period of project preparation. During
2014, priority projects will be developed for financing in the period from 2014 to
2020.
A long-term Strategy of investing and financing in the environmental field should be
made to facilitate investment in the environmental field and financing process. That
strategy should consider the needs for investing in the environmental field for the
period at least until 2030.
Until this kind of strategy is made, institutions which are responsible for certain fields
should make a list of priority projects to assess the costs of accessing and develop
realistic scenario of financing for approaching screening and following negotiations
on the Chapter 27.
11. Active participation in project preparation
Project preparation will be an active process and will include clear cooperation
between national and local level. When the lists of projects for priority investing are
made, national institutions should take steps together with local municipalities and
other users to develop projects to investment phase. Clearly defined obligations and
responsibilities between national and local governments in terms of financing and cofinancing of preparatory activities are necessary for successful implementation.
2. ECONOMIC SUPPORT FOR PRINCIPLES OF PLANNING AND
CONDUCTING OF INFRASTRUCTURAL PROJECTS
Costs and implications according to planning of investments of the Republic of
Serbia show that it is necessary for Serbia to invest and implement over 242 million
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Euros a year (37 million Euros for waste and 205 million Euros for water) from 2014
to the end of transition period if it wants to fulfill the requirements of the Chapter 27
of acquis just for waste and water.
It has implications on budget as well as capacity. Because it is possible that
realization of each infrastructural project will last for up to three years, it is necessary
for key departments of Serbian Ministry of Energy. Development and Environmental
protection (MEDEP) to be ready for managing of 110 million Euros a year from 2014
and it is just for waste.
These numbers lead to three possible conclusions:
1. The need for planning and implementation in the field of waste and waste water
are enormous and they will require appropriate capacity within MEDEP;
2. The costs are significantly larger than the amounts that will probably be available
from IPA funds, so it is necessary to start an immediate discussion on other
sources of financing;
3. Unless the plan of financing and implementation is not made soon, the Chapter 27
could become blockage that would restrict the improvement of Serbia in the
process of joining the EU.
MEDEP, in cooperation with EISP, conducted an analysis of cost for DSIP
landfill. There are certain assessments that could enable planning, but most of the
numbers were taken from existing projects in Serbia:
- Implementation of the Landfill Directive requires that all municipal solid waste
(MSW) is transported to landfill in the way that is defined by this directive. In
practice, this process is related to two main activities – closing landfills that are
not in accordance with Directive and making new landfills and other necessary
infrastructure.
- Closing landfills that are not in accordance with the Directive.
Serbia has around 3.580 landfills and dumps that are not according to the
requirements of this Directive and have to be closed. They are significantly
different in size and the amount of disposed waste and create different issues for
the environment. This Directive sets challenging (and expensive) requirements for
closing landfills. That cost could be reduced by risk assessment. With application
of risk assessment the costs of closing, based on size and technical requirements
for different options of closing, are assessed to be around 250 million Euros.
Without the risk assessment those costs could be significantly higher.
- Establishing of new landfills and creation of required infrastructure
The National Waste Management Strategy (NWMS) requires the improvement of
waste management system in the Republic of Serbia to satisfy Serbian as well as
EU standards. The components of this regional system have to enable, not only
safe waste disposal, but also more separate collection and recycling, reduced
disposal of biodegradable waste and increased efficiency of processes of waste
management. Realization of these fields is really important, not only for the
Landfill directive, but also for its contribution to achieving goals defined by the
Waste Framework Directive, the Packaging and Packaging Waste Directive and
other directives that regulate waste flow.
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The components of the regional waste management system:
• Sanitary landfills – Costs include establishing of the first cell of landfill body and
associated infrastructure that is sufficient for waste absorption for the next 5
years. After that period, all following cells will be financed from the regional
systems themselves, from the incomes from providing services of waste
management.
• Waste collection system – Costs are assessed as a need for investment in
acquisition of trucks for waste collection and transport. The number of trucks is
assessed depending on characteristics of each region, which includes the time
necessary to collect the waste created during the day, the amount that is collected
on a single trip, daily amount generated in a municipality, yearly amount of
generated waste, waste collection frequency, the number of households.
• Transfer stations – Where it is economically possible, transfer stations are
included in the cost calculation. The assessment is based on mutual dependence of
remoteness of municipal waste landfill and the amount of waste.
• Source separation/waste separation done in household – This includes waste
separation into two fractions (dry and damp) at the source of waste production.
Cost assessments include doubling the number of dumpsters and expansion of
waste collection system.
• Secondary separation – Cost assessments are based on secondary separation
before waste sorting. It is suggested that every regional system has one line for
separation of previously sorted waste.
• Composting – Cost assessments include one location for composting in each
region.
• Locations for recycling (+ locations for bulky waste) – Cost assessment includes
one location for recycling per municipality.
3.
FINANCING
SOURCES
OF
ECONOMIC
SUPPORT
FOR
INFRASTRUCTURAL ENVIRONMENTAL PROTECTION PROJECTS OF
THE REPUBLIC OF SERBIA
The support of infrastructural project is not possible without functioning of
state fund. Establishing of a framework for functioning of future Green Fund
(hereinafter: the Fund) is necessary from many aspects: financing sources, programs
that are financed and a process of decision making.
The Law on environmental protection in versions from 2004 and 2009 created
a base for establishing a series of fees for environment pollution that are specially
used through the Fund for environmental protection. Adopting the Law on waste
management (Official Gazette of RS 36/09 and 88/10), the Law on packaging and
packaging waste (Official Gazette of RS 36/09), the Law on protection and
sustainable use of fish fund (Official Gazette of RS 36/09) were amended by the
package of fees charged based on pollution, protection and improvement of the
environment and use of resources.
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In the beginning it is necessary to emphasize that it is exclusively about the
funds that have determinant purposeful which means that their payment is regulated
by special laws that also regulate the purpose i.e. areas for which that funds could be
spent. The funds were managed for the Government of the Republic of Serbia by the
Fund for environmental protection which, with middle-term and yearly programs in
accordance with the laws that defined the purpose of these funds, defined the fields of
financing. By closing the Fund there is a vacuum – the funds become a general
income of the budget with a promise of the former Minister of finance that they will
remain to be clearly visible and spent exclusively for purposes regulated by the laws
that regulate environmental protection which is the purpose of these funds. Besides
presented mass as a final income for 2012 of 4.9 billion dinars (while there wasn’t
separation between the share of the income from the previous period position 013,
and between the income from the current period 04) there are not a single indicator
how much funds from the special fees were paid in 2013 (no analytics according to
the nature of the fees) and how those funds were spent, even though there is
CLEARLY DEFINED PURPOSE OF THESE FUNDS, i.e. they could be spent only
for the fields determined by the law (described below). In the moment of closing the
Fund, on the evidential account there was 3.9 billion dinars, and on behalf of a “loan”
in the period from 15/04 to 30/06/2012 the Ministry of Finance directed 1.22 billion
dinars to the position of general incomes of the budget, the amount of funds collected
in the period from 30/06/2012 to 31/12/2012 are not known and those funds were
directed as a general income of the budget. (In the appendix of this document there is
analytic of incomes for the period from 01/01/2010 – 30/06/2012)
Even though the Fund for environmental protection was closed there are all
acts still in effect according to which decision were made and fees were charged, the
funds were flowing as a general income of the budget and their future is unknown
even though the law defines what they have to be used for. The law on cessation of
the Fund for environmental protection has clearly defined that jurisdiction of the
Fund is taken over by the ministry in charge of environmental protection (regulations,
decisions on charging fees, contracts on project realization and financial incentives,
keeping record on fee collection) and by the Ministry of Finance.
Also, by the same law, all obligations of the Fund are defined as obligations of
the Serbian Government, and the funds for that already existed from the achieved
income as well as from funds that kept flowing in, but now as a general income of the
budget. The future of that money as well as the one that the budget collected in the
meantime is unknown – some of the projects ended and realized in accordance with
the contracts (paid), but there is still big debt to recycling industry and a part of the
projects.
An emphasis is on funds directed for payment of financial incentives towards
the Directive of the Government of RS for improvement and encouraging recycling,
which was paid from the funds collected from fees. It should be mentioned that the
whole process of introducing fees for products that after usage become special waste
streams (electrical and electronic products, oils except edible, tires, car batteries and
batteries) is lead with the maximum and close cooperation with the Chamber of
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Commerce of RS and the Union of Employers where all businessmen insisted on
transparency of collection and usage of these funds directed towards incenting of
economy. The support of businessmen for collection of these fees was provided by
the previous government based on the promise that the economy (payers) will be
regularly informed on fee charging (periodical meetings in PKS where the economy
was informed on collected and paid funds), insisting that those funds are always
available for recycling industry and inspection of these facilities is regular so the
recycling industry receives the collected funds in accordance with regulations.
The flow of e.g. fees for special waste streams
Achieved in 2010
1.334.484.362,31 RSD
Achieved in 2011
2.137.442.770,14 RSD
Planned in 2012
2.300.000.000,00 RSD
Achieved in 2012
1.800.000.000,00 RSD (assessment without adequate analysis)
Projection for 2013 2.150.000.000,00 RSD (assessment done based on 2012, no
final data)
Projection for 2014 2.450.000.000,00 RSD
4. WORK POSSIBILITIES OF THE GREEN FUND
The forms of funds that are assigned can be grants, help, subsidies, donations,
incentives, credits, loans. Except credits and loans, other forms can be directly paid
by the Ministry to users while for credits there has to be a public invitation for banks
for financing certain activities where it defines the form and conditions of financing.
If the Ministry wants to cooperate with the Fund for development of RS it is not
necessary to make a public invitation because it is a state institution and the decision
of the Government of RS is enough to approve this contract. The users of funds can
be legal and natural person based on the territory of the Republic of Serbia regardless
of ownership structure.
The funds are assigned based on public invitations that come from the work
program itself. Public invitations are published for assigning incentive funds, credits
and loans (if there is an arrangement with banks and the development Fund),
financing of projects of non-governmental organizations (NGOs), financing of
projects of local governments units (LGU) and public i.e. public municipal
enterprises, financing projects of managers of protected natural goods and fishing
areas, financing projects of educational and science-research institutions, financing of
projects of education and informing, etc.
The public invitation defines the field of financing (suggestion is presented in
the following text in points 1-19), possible users, deadlines for nomination of projects
and realization deadline, way of paying and manner and deadlines of reports.
The fields of financing are derived from the series of laws that regulate base for
fee collection as well as give framework for using those funds especially for:
1. protection, preservation and improvement of the quality of air, water, soil and
forests, as well as decreasing climate changes and protection of the ozone layer:
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2.
3.

4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.

15.
16.
17.

rehabilitation of waste disposal areas, encouraging waste reduction, recycling
and reuse of waste;
programs, projects and other investment and operational activities from the field
of waste management:
a) building facilities for waste management;
b) improvement of waste management organization;
c) management of used batteries and car batteries, waste oils, old tires, e-waste,
fluorescent tubes waste that contains mercury and old vehicles;
d) encouraging separate waste collection;
e) encouraging market of recycled materials;
f) implementation of regional plans of waste management;
g) development of information system for waste management;
h) help for development and application of new technologies for waste
treatment;
i) rehabilitation of longtime pollution with waste;
introduction of cleaner production for work of facilities and conducting
activities, as well as for early adaptation to environment protection requirements;
technologies and products that reduce stress and pollution of the environment;
protection and preservation of biodiversity and geodiversity;
encouraging sustainable use of protected natural goods;
improvement and building of infrastructure for environmental protection;
encouraging of the use of sustainable energy sources;
encouraging cleaner transport;
encouraging sustainable development;
improvement of informing system on the state of the environment, monitoring
and assessment of the state of the environment, as well as introduction of
environment management systems;
encouraging educational, research and development studies, programs, projects
and other activities, including demonstrational activities;
Financing of preventive and intervention measures in emergency situation of
environmental pollution and enabling reaction in case of an accident, including
re-cultivation and rehabilitation of polluted area as a consequence of an accident,
when the cause of the accident is unknown or in cases in which the liability of
polluter is excluded;
re-cultivation and rehabilitation of historic pollution (barren land, industrial
landfills, etc.);
financing programs of ecological education and raising public awareness on
questions of preservation of environment and sustainable development.
development of public and private partnership in activities of protection and
improvement of the environment, sustainable development and preservation of
natural values; financing other activities in accordance with the law
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4. CONCLUSION
Green economy and sustainable development, today in 2014, after separation of
jurisdiction in institutions of the Republic of Serbia, without planned financing of this
segment of economy by the budget of the Republic of Serbia and possibilities,
without consolidated finance with the previous obligations, with unfinished projected
law and bylaw acts, with the society emphasis on many other issues that Serbia is
facing in the period between 2012-2014, in accordance with the EU Strategy 2020.
The main principles of conducting infrastructural projects in the field of green
economy, which were given by many state strategies, should be defined first.
To enable better planning of fulfilling EU demands and undisturbed
development of preparations for screening of the Chapter 27 (from 17th to 21st
November 2014) and to fully use funds from the donor, the planning principles in the
environment sector will be obeyed. For those defined principles there is a need for
economic (financial) support. The support for infrastructural projects is not possible
without functioning state fund. Establishing a framework for functioning of future
Green fund is necessary for many reasons: financing sources, programs that are
financed and process of decision making. The state should consider all possibilities of
functioning of the Green fund, because it is one of the best examples of good
practices for sustainability of state budget.
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ABSTRACT
We must not forget that the forest is one of the most important factors in stability of
ecosystems and climate phenomena. It favourably affects air purification from dust and other particles
that get into the atmosphere, the amount and distribution of rainfall, surface, subsurface and
underground drainage. Practically, the forests are the guardians of biodiversity and gene-fund from
whose survival depends on a number of plant and animal species. Forests have the great significance in
the survival of the planet Earth. The immediate and the biggest benefit of forests is the production of
oxygen, filtering dust in urban areas and as such the natural protective zones that allow us healthier
environment.
Forests are one of the most complex ecosystems on earth and the precious natural resource of
great economic importance to humans. Their excessive use has led to a steady reduction in the area
under forest and the degradation of the environment. Stopping of this process, follow the strategy of
the rational and wise management of forests, focus on maximum revitalization of devastated forest
area is one of the preconditions for a healthy environment and the fight for survival of the planet. Use
the available Brownfield land in urban areas for conversion to green space and creating ecological
balance.
Keywords: Forest protection, importance of forests, forest influences

1. INTRODUCTION
Forests are a natural resource of general interest. As a renewable source of energy
and raw materials they are very important for the development of economy and energy. The
Society has the right to exploit the forests but only to the extent that ensures sustainability of
forest systems. Any other exploitation of forest area leads to the degradation of forests which
later leads to unforeseeable consequences for human society. One of the basic assumptions of
economic progress and country prosperity is sustainable management and use of its natural
resources, including forests.
There is no place on Earth today and no forest in which man did not step in with an
axe or a chainsaw. The longest resisted the Amazon rainforest, as the last hope in preserving
necessary reserves of oxygen for long periods of time in the atmosphere and prevent the
possible consequences due to their disappearance.
However, deforestation and lack of care to preserve the forest on the planet has
accelerated accumulation of carbon dioxide in the atmosphere, ozone depletion and drastic
change of climate. Lumbers have already penetrated deep into the Amazon jungle with the
most perfect technique to use wood mass but also the destruction of entire ecosystems. More
than half of the forests on the planet have disappeared from 1950 to the present. Two-thirds
of Latin American forests have disappeared or were nearly destroyed. When summarize and
analyze all the data at the end, despite all the facts manhood still insufficiently writes and
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speaks about increasing degradation of forests on the planet, which can lead to general global
environmental disaster.
Taking into account the huge role that forest ecosystems play in the biosphere of our
planet it is of special importance the roles of all major associations and organizations, in
particular the United Nations, in addressing this global problem. But each country has to
solve its own problem and that’s the only way to achieve improvement at the global level.

1. REPLANTING AND FORESTATION IMPORTANCE
Africa recorded the highest increase rate of the general population and the highest
increase rate of urban population in the world. That is why some cities around the Sahel, a
wide semi-desert zone in the southern part of the Sahara desert, cut down all the trees in the
district of hundreds of kilometers. However, these trees are cut down from recalcitrance.
Majority of African population was forced to destroy the environment in order to survive.
Estimation2 [1] is that in Africa 80% of the population cook using wood.
In South America, the situation is a bit different. In Brazil only, there are nearly 7600
registered company for the felling of trees. Many of them are owned by wealthy international
conglomerates. On every felled down mahogany tree, company earns about 25 €. But after
brokers, dealers and the maker make a profit, that same tree can reach a value of up to several
tens of times before the furniture gets into the salon from these examples we can see a
completely different motives and reasons for the exploitation of this very important natural
resource. When we look at the first instance, emotionally we approve this action because this
is a process of survival.
However, there is no real excuse; this should be handled on a much higher level of
decision-making. Another situation is an example of creating a profit (and significantly
higher) at the expense of resource exploitation. Here we can see that the government supports
these activities with regard to companies operating legally. Is it, in this case, the present
economic justification for these actions or not, we cannot conclude on the basis of a small
number of data. However, if we try to visualize activity - this looks scary.
With the launch of the industrial revolution, people are significantly reduced
"reservoir" of carbon burning of fossil fuels and deforestation. Urbanization and deforestation
have reduced the volume of the biosphere, which is a natural process of maintaining the level
of carbon dioxide in the normal range. [2] When we add the numerous forest fires, it is
evident that all of this resulted in record high levels of carbon dioxide in the atmosphere and
run, now almost unstoppable, the process of global warming. Saturation is reached the level
at which natural reservoirs of carbon are not able to receive additional carbon from
atmosphere. Projections of the global climate change suggest that the effects of greenhouse
gases do not spread evenly across the entire planet, and therefore should be paid great
attention to the study of regional consequences.
It is assumed that the area of South East Europe will be particularly affected by the
drought, i.e. it will give the exhibit synergistic effect of increase in air temperature and
decrease in precipitation. [3] Another big problem for forests in Europe is the fact that many
of them were planted between the two world wars, and it comes to trees that are old for more
2

Prema Kjoto protokolu koji je potpisan 1997. a stupio na snagu 2004. godine, države koje smanjuju
emisije gasova koji pojačavaju efekte staklene bašte moraju u svoj proračun uključiti promjene u
njihovim zalihama ugljenika koje nastaju usljed pošumljavanja, krčenja i obnavljanja šuma.

339

than eighty years old and do not absorb so much carbon as younger. As a possible solution to
this problem is the clearing of old growth forests and planting young trees.
Why forestation? For an ecosystem it can be said it is stable if, after a disturbance
returns to its original state. To contribute to the stability of forest ecosystems we can make a
contribution to nature through activities related to recovery, and that through reforestation of
degraded land in return help original condition. Forests are most destructive people
unplanned cutting, harmful insects, rodents and fires. In the recent period we have learned a
lot about the role of fire and the consequences of their scope in natural ecosystems. We have
witnessed many uncontrolled fire in a world dramatically destroy forests and lead to a
national disaster.
Forest fires are short-term events but on a large scale can leave unforeseeable
consequences. And that’s one of the reasons for the serious approach to forestation. Because
of this, in places where it is performed deforestation it is needed to plant young trees.
Reforestation is the artificial establishment of forests by planting seedlings or sowing seeds in
areas that have long been without forests, forestation sowing seeds was also possible but less
carried out because of the benefits of reforestation by planting seedlings. In addition to the
ecological and economic importance of forestation it also has an important social moment
which is particularly reflected in our youth. It means the establishment of new young forests
in areas where there are no forests or in more recent times it was not.
Economically, forestation of deforested or burnt areas can increase the yield of timber
and revenue and if done deliberately and continuously lower the chance of upsetting the
balance. New planted area will definitely improve the overall quality of life. Forestation of
degraded soils exposed to erosion, has a long-term character. Although its effects will be
visible only for a few years in future, we can say that every new planted tree is a gift to future
generations.

2. GREEN AREAS IN CITIES AND OTHER URBAN SETTLEMENTS
When spatial planning, the system of urban green space is a set of different categories
of urban and suburban greenery rationally distributed in the city, connected with each other
and with the rural vegetation continents. Urban green areas are treated as part of the urban
public space. Unlike other public spaces, green areas are mostly covered with vegetation.
Directly, they are used for active or passive recreation, while at the same time they influence
indirectly, because their very presence influence on raising the quality of the urban
environment.
Various roles of green (health, social, aesthetic, cultural, educational, etc.) improve
the quality of life in the city. To be available to residents of the city, green areas should be
well blended and evenly distributed in the fabric of the city. The system of green spaces is in
the continuous and dynamic interaction with distinctive structure of the city. With her in the
competition in which often lost, due to weak legislation that protects him from the constant
pressure of constructions; it also sometime becomes a part of developed space. Therefore, we
should constantly analyze this problem and find a solution which define better integration of
greenery in the urban fabric, lead to its more powerful and better positions, and thus to its
preservation and improvement. Connections of urban green system with commuter and
regional vegetation continents contribute to increasing physical and recreational quality of the
urban environment.
Green spaces are one of the most important elements of the urban part of the city.
Part of the image of the city, they extend the ecological diversity and the essential, structural
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and functional elements that make cities and urban regions better suited for living. Part in
improving urban living has caused the European Commission to confirm the importance of
urban green space, not only because of their ecological functions, but also because of their
importance to the health of citizens, social welfare, economic benefits and their central role in
sustainable development cities. Urban green spaces have a wide range of useful features for
the city, through their multifunctional characteristics. Development and management of parks
and green spaces becomes more complex problem in planning.
Are green spaces simultaneously and successful spaces, accepted and appreciated by
the citizens, requires careful consideration. Development and application of an appropriate
strategy requires understanding and above all interdisciplinary knowledge base that informs
us about the complex interplay of factors that are associated with problems of green space. To
provide such a basis and contribute to sustainable urban development, should penetrate
deeper into the nature of the complex interactions that occur between the different functions
of urban green space in the city and trying to develop a strategy that can satisfy multiple
requirements expected of urban green . According to these functions, the word green has a
broad meaning in society and is used to describe the environmental, social and economic
aspects within the city. Every city needs a green infrastructure which includes an adequate
area of green space of a certain quality, which guaranties the satisfaction of social and
aesthetic needs of citizens and ecological functions of the city.
System of green surface structure still relies directly on public green spaces that
provide social integration of users, towards the needs of passive recreation. Basic category of
urban public green areas that are parks with new categorization get new attributes. The
function is dependent from size and the size is directly related to capacity that how serving
certain areas of the city and users who live in that area. It is important to note that
methodologically it can come to separation zone which are not covered with one of the
subcategories of park areas as the holder of the role of public greenery. The solution lies in
finding the spatial potential for locating bigger or smaller park areas in zones where covering
green does not exist in the case of other categories. City parks as holders of the central
functions of the city should serve most of the territory of the city, or green corridors allow for
recreational use of smaller urban or large green continent boundary.

3. RENEWAL OF DEVASTATED INDUSTRIAL LOCATION IN URBAN
AREAS
Reduces and large decline in industrial production was followed by the liquidation of
certain business entities, degradation of industrial buildings, and new forms of organization
of industrial production. News in transportation, construction, manufacturing, negative
impact on the environment, global climate change, the abolition of industrial zones in the
structure, etc., have influenced the process of their creation and the development of the need
for radical transformation of the physical urban structures - revitalization, in order to achieve
higher feasibility of the principle of compact city and significantly higher efficiency of using
the city's infrastructure, especially transport. [4]
The sites of industrial heritage which are out of use shall be considered as a
brownfield, according to the Agency for Environmental Protection (US EPA) in 1997,
defined as "abandoned, vacant or underutilized industrial (or commercial) buildings, where
further expansion or development complicated by the current or the failure to maintain the
environment. "[5] This definition was first used in the United States in 1992, but was later
formalized in a legal sense. [6] In the European context, there are a number of definitions and
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interpretations, with the most widespread that proposed by the working group CLARINET
(Contaminated Land Rehabilitation Network for Environmental Technologies), which reads:
"brownfield sites that have been previously been influenced by their users and the
surrounding areas, which are ignored or underutilized, which may have potential problems
with lack of maintenance which are located mainly in developed urban areas and that require
intervention to be returned to beneficial use. "[7]
Forestation of these sites represents a significant improvement in air quality in the
city. For example, knowing that the location of the industrial heritage of the area of the inner
city center, its reconstruction receive a smaller number of vehicles that are necessary for
mastering the smaller distances. Then, to maintain compact city, which arises as a
consequence of the development of brownfield required significantly less energy for heating
and cooling, because from one single source directs energy to consumers; If the objects are
continuously in physical distribution, lower losses due to better insulation (the phenomenon
of tranquility) and the like. If we turn to statistics, buildings with five residential units use
half as much energy per dwelling of individual residential villas, which is when we look at
the average area of a dwelling unit in the building and one detached houses, quite
understandable.
The advantage of reconstruction refers to the fact that the densely built city areas do
not have too many open surfaces that contributes to the reduction of water usage, a small
number of tanks, and thus reducing the possibility of pollution thereof. A potential drawback
of reconstruction of industrial heritage can be a necessity of renewal and additional
investment in existing infrastructure network, which is kind of inevitable move, because the
infrastructure is asking repairs due to aging of the entire building. Reconstruction involves
the clearing of potentially contaminated land, which is a benefit to public health. In this way
eliminates the health risks incurred by the presence of solid waste, pollution of groundwater
and soil. [8] Possible flaws to this may be exposure of workers to the increased concentration
of harmful substances, as well as the inability to assess the final cost of reconstruction
impossible due to the removal of these substances from the soil.

4. BROWNFIELD AND
ENVIRONMENTAL

BENEFITS

FROM

SUCH

PROJECTS

IN

The fact that the consequences of further retention of devastated locations, or their
revitalization in the economic, social and environmental terms requires a substantial
transformation in institutional system at all levels, as well as strengthening the knowledge
about this issue. This would mean that it is necessary to redefine the strategic document on
the basis of Brownfield ideas and incorporate them and introduce new fiscal instruments,
which would accelerate investment in such sites, implement tighter control of investment
from the standpoint of environmental impact, but also the formation of an information system
on Brownfield sites. [9]
Our physical and urban planning is not, so far, realized the need to re-use Brownfield.
In theory and practice of spatial planning is still no permeation of the principles of economics
use of space and the functioning of the market. Coupled with structural changes in the
economy, but also in the entire social system, the result is a situation that neither councilors
nor urban planners even notice the value of utilization or under-utilization of space, i.e.
individual Brownfield sites in their territory. The existing legal framework is not required the
analysis of potentially underutilized land during the preparation of planning documents easy
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other cases, the laws are stricter, for example, when analyzing the impact on the environment,
traffic analysis, control air and water quality.
For incidence and Brownfield analyzing in the municipalities and cities now nobody
much cares. Even environmental rehabilitation projects do not fall within the administrative
procedures relate to space, are revised in other places, where experience and acquired knowhow remains. Problems Brownfield does not always pose a threat to the city. Brownfield sites
can be a chance, especially those located in the center of the village, where only changes in
land use can encourage the private and public sector and bring new revenues, new jobs,
apartments or green area.
These little-used surfaces are important for many cities as "reserve space" which
allows removing the deficiencies of the existing urban structure. Well designed concept of
utilization of such reserves can improve the quality of urban settlements, through the
extension of the street network, the creation of new public and green spaces, construction of
public buildings purposes, and the like. It is very important to city, before making a decision
on changing the use of these areas, make long-term strategy of its development, because it
follows a similar opportunity will appear soon.
Brownfield means primarily land that was previously built and used that in the
meantime, due to the economic-financial or normative-political reasons, was abandoned.
Abandonment may be due to several reasons: functional, without activities earlier functions,
but with the titular owner or user; legally, without the use of or under bankruptcy or
liquidation; Property, contentious or unresolved property relations and physical, when the
former owner or operator left the location and left it in the responsibility of municipal (city)
administration. Reuse (recycling or revitalization) Brownfield ("brown" locations) is
considered to be able to assist in creating a sustainable urban environment, assist in
preventing the spread of cities and to prevent emigration from urban areas. [10]
The development of Brownfield sites characterized as the promotion of alternative
types of green spaces in the city's central core can also be seen as an important part of the
overall strategy of greening the city and improve the quality of the environment, to reduce the
harmful effects of climate change, as well as their prevention, both in terms of the number of
such places, and in terms of their number, distribution and accessibility. Another significant
advantage of these interventions is the rapid effect "experiment" that could serve as a model
and guidelines for further greening of the city, improving the urban community and problemsolving Brownfield. Brownfield as a green public open space in the city center provides
accessibility, attractiveness, accessibility and inclusion in the modern ways of life of the local
community, contributing to the economic, social, cultural and environmental city
development [11] .Braunfild as an eco-park becomes an opportunity where only use changes
land can encourage the private and public sector and bring new revenue and new jobs. Many
examples from abroad show that, for example, the removal of the production complex and its
redevelopment of the park plants led not only to a particular way of solving the problem of
Brownfield, but also to increased investor interest, at the same time, as well as an increase in
real estate prices in the immediate environment of the new park.

5. CONCLUSION
From all above it is easy to see and review overall benefits of green spaces, whether
they are located in urban areas, or as a protective green belt around the city. Green areas with
either those composed of forests or other vegetation are a treasure to be preserved and
cherished as our ecological highest priority. The legacy for future generations in the form of
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green areas is of paramount importance in terms of ecology and environmental protection as
well as prolonging and supporting the most important ecological guidelines and to sustainable
development. The green areas in urban areas despite the great benefits for the health of the
people living in them or have them surrounded, also raise awareness of the importance to
preserve the green treasures that have this idea passed on to younger generations.

REFERENCES
[1]

Đokić, I., Sumpor, M., Brownfield Redevelopment Issues in Croatia; Privredna kretanja i
ekonomska politika (Zagreb), 20/123; 2010.
[2] U.S. EPA. 2003a. Brownfields Definition. U.S. EPA Brownfields Homepage. Available:
http://epa.gov/brownfields/index.html
[3] Perović, S., Kurtović Folić, N., Braunfild regeneracija – imperative za održivi urbani razvoj,
Građevinar (Zagreb), 64/5; 2012
[4] Vaništa Lazarević, E., Regeneracija Braunfild (brownfield) lokacija versus grinfild (greenfield)
investicije. Beograd: Arhitektonski fakultet, Univerzitet u Beogradu, 2009; Izvor:
http://www.arh.bg.ac.rs/upload/0809
/Osnovne_akademske_studije/Semestar_06/Urb_obnova/URBANA_OBNOVA__BRAUNFILD.pdf
[5] Vaništa Lazarević, Eva. Urbana rekonstrukcija. Beograd: Zadužbina Andrejević, 1999
[6] Danilović, K., Stojkov, B., Zeković, S., Gligorijević, Ž., Damjanović, D., ur. Oživljavanje
braunfilda u Srbiji – priručnik za donosioce odluka i profesionalce. Beograd: PALGO centar,
2008
[7] K. Williams, C. Dair, A Framework for Assessing the Sustainability at Brownfield
Development,u knjizi Managing Urban Land, Federal Enviroment Agency Germany, Berlin,
2007
[8] K. Williams, C. Dair, A Framework for Assessing the Sustainability at Brownfield
Development,u knjizi Managing Urban Land, Federal Enviroment Agency Germany, Berlin,
2007NAO: National Audit Office. Report by the Comtroler and Auditor General, session 20052006. “Enhancing Urban Green Space.” (London: The Stationery Office, 2006) ,
www.nao.org.uk
[9] http://prirodaimi.forumotion.net
[10] http://www.gradsubotica.co.rs/projekat-posumljavanja

344

THE REVIVAL OF BROWNFIELD LOCATIONS IN TERMS OF
SUSTAINABLE DEVELOPMENT – EXAMPLE OF THE
RESIDENTIAL AND COMMERCIAL COMPLEX
“STEPASTEPANOVIĆ“ IN BELGRADE

1

Bojana Poledica1
SofijaTanasković1
Faculty of Geography, University of Belgrade

ABSTRACT
As witnesses of the modern society we are aware of the importance of sustainable
development for the prosperity of a country. The process of deindustrialization of the economy in the
Republic of Serbia has left a number of consequences in space. Some of them are brownfield locations
which regeneration could lead to encourage socio-economic and environmental development of the
country. In according with the foregoing, the aim of this paper is to provide policies and guidelines to
revive these areas. Methods of analysis and synthesis, research work and knowledge from domestic
and foreign literature we have come to a conclusion about how is currently way of use brownfield
locations, possible measures and solutions to revival a brownfield and spreading the positive effects on
the surrounding area. Brownfield locations as insufficient used space have negative impact on
environment, not only in economic, but also in the aesthetic, environmental and psychological sense.
At these locations are often ruined and rusty abandoned facilities what are representing the
environmental handicap and problem for environment. For this reason, their regeneration is one of the
mechanisms to enhance environmental quality.
After the adoption of the Master plan for disposal of military property in June 2006th there is a
new category of brownfield locations - locations who previously had a military purpose. On example
of the residential and commercial complex “StepaStepanović“ in municipality Voždovac (Belgrade),
we can clearly recognize successful revitalization of brownfield areas. The conversion of military land
to residential and business complex has led to the resolution of issues "abandoned area". Caserne „4
July“, on whose territory now built „StepaStepanović“, was a socio-ecological unsustainable area.
Construction of residential and commercial complex were resolved social housing, while at the same
time provided an opportunity for economic development dominated by the tertiary sector.
Infrastructure equipment of land, organizing of green space was created environmentally friendly
environment. Accordingly, this example is represent how reviving brownfield can have a positive
impact on the area in accordance with sustainable development.
Key words: brownfield, sustainable development, housing estate „StepaStepanović“, conversion.

1. TERM BROWNFIELD LOCATION
The most acceptable definition of the brownfield location is the definition proposed
by the working group CLARINET3 which was later amended and according to the Europen
Expert Network CABERNET4. First definition is : ,,Brownfield locations that have been
previously influenced by their users and the surrounding area, which are ignored or
underutilized, which may have potential problems with lack of management, which are
located mainly in developed urban areas and which require intervention to be returned to
3

CLARINET (Contaminated Land Rehabilitation Network for Enviromental Technologies)
CABERNET (Concerted Action on Brownfield and Economic Regeneration Network)

4
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beneficial use”. Amended definition is: ,,Brownfield locations means areas that were under
the influence of its users, which are ignored or underutilized, mainly located in developed
urban areas, requiring the intervention to be returned to beneficial use, and may have
problems with the current lack of maintenance”.
In many cities, brownfield locations make up a large part of built area. Assumed to
have environmental burden and negative influence impact on wider environmental in
economic, social, esthetic and psychological sense. Brownfields are property, legal,
functionally and physically abandoned areas, which means there is no activity on them even
though they are under someone’s property, that no rights to use or at the stage of bankruptcy,
that are unresolved property issues or are abandoned by owners and left to jurisdiction of the
city/municipality . They can be:
• industrial;
• military facilities and
• agricultural.
According to the Spatial Plan of the Republic of Serbia, brownfield is the land which
was previously constructed and used, in the meantime due to economic-financial or other
reasons were abandoned or unused.

2. CHARACTERISTIC AND ANALYSIS RESEARCH
Changing of social structure of the Republic of Serbia and abolition of military
service 2011.,has led to changes in the role of the army and the organizational structure of the
state. Th decision, of the military facilities that are located in urban and attractive part of the
city became the main in the brownfield’s classification. Serbian army decided in consultation
with the Government of Serbia, to carry out the conversion of land and buildings to its assets
that are no longer in operation and whose capacity is not necessary.
On the basis of the previous, Government of Serbia has signed an agreement on joint
construction at the side of the barracks “DukeStepaStepanović” in Belgrade with Building
Directorate of Serbia, which is enabled the construction of residential and commercial
complex which is now located at the previous mentioned barracks, actually previous
brownfield.
Barrack “Duke StepaStepanović” in the local community Kumodraž in the
municipality Voždovac (City of Belgrade), occupied an area of 410187m2,which are
constructed buildings for accommodation of the soldiers. After the official termination of the
barracks, security functioned until the date of handover of barracks complex to Building
Directorate of Serbia 31.1.2011.
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Figure 1. Ex barracks “Duke StepaStepanović” (Ministry of Defence - Military
Construction Institute Belgrade, 2014).
Amending General urbanistic plan of Belgrade, barracks ,,Duke Stepa Stepanović“ is
provided for housing. For this area has been done urban project which are defined by the
following boundaries: Voždovački circuitous route on the north, Duke Street in the west and
green spaces on the south. Territory of the project is far 6km southeast from the centre of the
city Belgrade.

Figure 2. Settlement ,,StepaStepanović” (http://www.gds.co.rs/naseljess/kompleks.php)
The land under the project of conversion is determined for housing. Design space is
performed at the highest level from the standpoint of public facilities, the availability and
quality of life in the city. Therevitalizationof infrastructure systems and supplement the
capacity is completed on this area, and that iscontribute to a better quality lifestyle space
users and the environment.
During the construction of residential complex was renovated a large percentage of
existing green areas and set up a new plant. Today percentage of green space in the
“StepaStepanović” is about 50% of the total area.

347

An example of the revitalization of the barracks "StepaStepanović", which was a
socio-economic and environmentally unsustainable part of the city, is a good representative
for a way how to reactivate and revive another brownfield locations. Some of the successful
measures to revitalize that are applied in this case are, first of all, the conversion of military
land, preparation of planning documents and the adoption of adequate and professional
decisions on future space in accordance with sustainable development.
Measures that can be applied to revitalize a brownfieldare:
• set up a good and responsibility legal framework;
• identification of the size and severity of the problem;
• informing the public;
• supporting investment and entrepreneurial activities on brownfield locations;
• solvingproperty and legal issues;
• public-private partnerships;
• create a catalog of brownfield locations, with detailed information and analysis on
the location.
Brownfield regeneration is a method that allows to achieve a balance between
protection and development of environmental, social cohesion and creating new economic
value. As one of the goals of sustainable development of this process can be viewed from
three aspects - ecological, economic and social.The importance of ecological development is
reflected in the fact that the regeneration of brownfield means improving the air quality in the
city, the rational use of land and clearing of potentially contaminated land. The social
importance is reflected through the creation of a sense of community, reducing population
density in the city center, creating new jobs and the possibility of solving the problems of
social housing.The development of entrepreneurship, attracting domestic and foreign
investors, new jobs, a more favorable economic environment are some of the positive
economic impact that brings brownfield revitalization.

3. SUMMARY
The exact number of brownfield sites in the territory of the Republic ofSerbia
has not been determined. Their recording and producing catalogs of local selfgovernments, establishing horizontal and vertical coordination at all levels of
government, would create new opportunities for the launch of "dead" space, which
would contribute to faster ecological and socio-economic development of local
government units, and therefore the state. Revitalization of brownfield creates a
positive ecological environment that improves the general condition of the
environment and the aesthetic look that gives a feeling of comfort and positively
affects the psychological state of the population.
The construction of settlements "StepaStepanović" created a viable space,
equipped with infrastructure, aesthetically decorated, with a renewed and landscaped
areas. Housing units have resolved the issue of housing, as well as within the
complex population provided various facilities of parks, playgrounds, schools,
kindergartens, to service shops (shops, pharmacies, bars).
If you look at the previous state of the location and the fact that the barracks
"StepaStepanović", since it was not functional, represented the load space, it can be
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concluded that the signing of the residential complex was good and a crucial step
towards the activation space, preservation and enhancement of the environment.
Complete work shows the importance of brownfield reactivation for the
environment and sustainable development and provides justification for putting them
on the place of the priority task of management at all levels. Striving to improve the
economic development and ecological condition can be achieved through proper
problem solving brownfield sites.
REFERENCES
[1] Filipović, D., Petrović, Lj. (2014). Ekološka komponenta obnove degradiranih

[2]
[3]
[4]
[5]
[1]
[1]

urbanih površina – primer industrije motora “21. maj” Rakovica u Beogradu. U
Lokalna samouprava u planiranju i uređenju prostora i naselja, Zlatibor 4-6.
aprila 2014 (str. 335-341). Beograd: Asocijacija prostornih planera Srbije i
Geografski fakultet Univerziteta u Beogradu.
Damjanović, D. (2008): Oživljavanje braunfilda u Srbiji. Beograd: PALGO
centar.
Ministry of Defence – Military Construction Institute Belgrade – Republic of
Serbia - http://www.mod.gov.rs/
Izmene i dopune Generalnog plana Beograda 2021 – Faza 2 (Izmena i dopuna
GP 2/2006). Beograd: Službeni list gradaBeograda, br. 63/09.
Zakon o Prostornom planu Republike Srbije od 2010. do 2020. godine. Beograd:
Službeni glasnik Republike Srbije, br. 88/10.
Institute of Transportation- CIP - www.sicip.co.rs
The Building Directorate of Serbia - www.gds.co.rs

349

CIP - Каталогизација у публикацији - Народна библиотека
Србије, Београд
502/504(082)
574(082)
INTERNATIONAL Conference Ecological Improvement of
Devastated Locations
for Sustainable Development (2014 ; Beograd)
Conference Proceedings / International Conference Ecological
Improvement
of Devastated Locations for Sustainable Development, Belgrade,
September
29th and 30th, 2014 ; organizers Faculty for Applied Ecology
Futura [[and]
The Union of Ecologists UNECO Green Chamber of Serbia] ;
[editor Gordana
Dražić]. - Belgrade : Faculty for Applied Ecology Futura, 2014
(Šabac :
Plus copy). - 349 str. : ilustr. ; 25 cm
Na spor. nasl. str.: Zbornik radova / Međunarodna konferencija
Ekološko
unapređenje devastiranih lokacija u funkciji održivog razvoja. Tiraž 300.
- Napomene uz tekst. - Bibliografija uz svaki rad.
ISBN 978-86-86859-39-6
1. Faculty for Applied Ecology Futura (Beograd)
a) Животна средина - Заштита - Зборници b) Екологија Зборници
COBISS.SR-ID 212253452

350

TR 31078
Ecoremediation of degraded areas through
agro-energy crops production

Under the auspices of
The Ministry of Education, Science and Technological development
Organizer:
Faculty of Applied Ecology Futura
Co-organizers:
The Union of Ecologists UNECO
Green Chamber of Serbia

351

