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Foreword

This report is the principal output of the British Geological Survey (BGS) in response to the
offer to provide technical and scientific help to UNDAC in the aftermath of the flooding and
landslide events that happened in northern-central Serbia, concentrating in the Sava catchment,
and its tributaries the Drina and Kolubara, during 13-16 May 2014.

The report describes the outcomes of four site visits, that were carried out between the 30" May
and the 12" June 2014, by Dr Helen Reeves, and subsequent discussions with Serbian
counterparts.
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1 Introduction

Following Cyclone Tamara flooding and landslide events occurred in northern-central Serbia,
from May 13-1 8™ 2014. These events were concentrated on the Sava River and its tributaries the
Drina and Kolubara. Following these events the British Geological Survey (BGS) offered
(through the UK Government) to provide technical and scientific help to UNDAC. UNDAC
invited Dr Helen Reeves (Director of Science for Engineering Geology and Engineering
Geologist) to Serbia for a 12 day visit to meet Serbian scientists and ministerial staff and to
provide technical support.

The 12-day visit included an initial briefing from UNDAC and EU Civil Protection staff; four
site visits (Mali Zvornik, Umka, Krupanj & Vinca); discussions with Serbian scientists at the
Geological Survey of Serbia & Belgrade University and discussions with Civil Engineers from
the Serbian Ministry of Construction, Transport & Infrastructure.

This report provides a description of the four site visits, presents observations made in the field
during the site visits, and summarises the key conclusions and recommendations from the visit.



2 Background

The large number of landslides (reports of over 1000) that occurred in Serbia following Cyclone
Tamara, between May 13-18"™ 2014, in the Sava River catchment (Figure 2.1, Appendix 1) and
its tributaries (the Vrbas, Bosna and Drina) have developed primarily because of the relief that is
present to the south of the Sava River Catchment (ISRBC 2009) and the geological conditions;
although inappropriate land use and modifications of the landscape in places are contributing
factors. To the south of the Sava catchment the terrain is more undulating and prone to rapid
runoff, which is capable of mobilising soil and soft (weathered) geological deposits and causing
debris slides and flows (Figure 2.2, Appendix 1). Where water penetrates into soft (weathered)
geological deposits and stronger bedrock larger, rotational landslides have formed (Figure 2.2,
Appendix 1).

The Republic of Serbia’s Ministry of Natural Resources, Mining and Spatial Planning
Department for Geological Research provides an access portal to the geological maps of Serbia
ata 1:100,000 scale (Anon, 2012).

The geology of the Sava catchment is characterised by a Palacozoic oceanic suture that strikes
roughly NNW to SSE. The rocks within this area, contained within the Pannonian basin, are very
diverse metamorphosed rocks consisting of metamorphosed sedimentary rocks such as schists
and granitoids. These rocks are covered in the north by Tertiary Neogene sediments (Anon,
2012). On the Serbian engineering geological map the Palacozoic rocks are generally shown as
poorly lithified to hard rocks (green units) that are highly fractured and altered rock masses
(Lazic & Bozovic, 1995) and hence are susceptible to landsliding. The Neogene sediments are
generally shown as cohesionless, poorly cohesive, soft and poorly lithified (brown units). A
distribution of landslides (Lazic & Bozovic, 1995) is shown in red dots on the engineering
geology map of Serbia showing most events located in upland relief.


http://www.savacommission.org/dms/docs/dokumenti/documents_publications/publications/sava_river_basin_analysis_-_summary/sava_booklet_eng.pdf

3 Site visits overview

3.1 MALI ZVORNIK

Mali Zvornik is situated along the Serbian banks of the River Drina (Figure 3), and boarders
Bosnia-Herzegovina in a valley (Figure 1, Appendix 1 & Figure 3.1) with steep relief (slopes
varying between 10-45°). The geology locally is dominated by massive and brecciated
limestones, with some quartzites, clays, schists and greenstones. The rocks have a general dip
20° towards the north-north-west (Anon, 2012).

On the Mali Zvornik site visit Dr Reeves was accompanied by colleagues from the Ministry of
Construction, Transport & Infrastructure, Miss Ana Miti¢ (Special Advisor), Momir Kocovi¢
(Head of Section for State Road Inspection) and Mr Vladan Brankovi¢ (Inspector for State
Roads & Road Safety). We were kindly hosted by the local Major for Mali Zvornik.

Figure 3.1 - View South down the River Drina from pedestrian bridge by Mali Zvornik.

3.2 UMKA & DUBOKO

The Umka and Duboko sites are situated on the banks of the River Sava (Figure 1, Appendix 1)
with shallow to moderate hummocky relief (slopes approximately 10°). The geology locally is
dominated by weathered Neogene Miocene laminated soft marls and clayey marls, which are
variably weathered to depths of between approximately 10 — 25 m (Abolmasov & Milencovic,
2012). The sites described above were not activated during Cyclone Tamara, but are ancient
active landslides that are typical of this area around the Riva Sava.

On the Umka and Duboko site visits Dr Reeves was accompanied by colleagues from the
Geological Survey of Serbia, Prof Dr Dragoman Rabrenovic (Director), Mr Djordje Trbojevic
(Project leader for Landslide Catastrophe project) & Ms Aleksandra Gulan (Geochemist). These
sites gave insight into ancient landslide activity in Serbia and the work that the Geological of
Survey of Serbia had previously done on the landslides encountered at these sites.



3.3 KRUPANJ

Krupanj is situated in the bottom of an alluvial river valley that has four main tributary rivers
(Bogostica, Krzava, Cadjavica & Brstic), converging in the centre of Krupanj town (Figure 1,
Appendix 1). These tributaries enter into the Likodra River in the centre of Krupanj. The valleys
have steep relief (slopes varying between 20-45°) that contain many small streams and gullies.
The valleys are generally heavily vegetated with trees (Pine and Beech - Figure 3.2). The local
geology is dominated by Palacozoic metamorphosed sedimentary rocks, which are variably
weathered to depths of between approximately 1-6m.

Figure 3.2 - View looking down the Cadjavica tributary towards the town of Krupanj.

For this site visit I was accompanied by colleagues from the the Geological Survey of Serbia,
Prof Dr Dragoman Rabrenovic (Director) & Ms Isidora Vukadinovic (Engineering Geologist),
and the Ministry of Construction, Transport & Infrastructure, Mr Lazar Lekic (Special Advisor),
Mr Aleksandar Seizovic (Republic Civil Engineering Inspector) and Mr Zeljko Todorovic
(Building Directorate of Serbia) & Francesco Galante (Water Engineer — Maccaferri
Environmental Solutions. We were kindly hosted by the local Major for Mali Zvornik, Mr Rade
Grujic.

3.4 VINCA

Vinca is situated on the southern bank of the Danube (Figure 1, Appendix 1) with shallow to
moderate hummocky relief (slopes approximately 10-15° - Figure 3.3). The geology locally is
dominated by Pleistocene aeolian sands and weathered Neogene Miocene laminated soft marls
and clayey marls. The rocks have a general dip 15° towards the south-west (Anon, 2012).

On the Vinca site visit Dr Reeves was accompanied by Assoc. Prof Biljana Abolmasov from the
University of Belgrade and offices from the Municipality of Belgrade’s Urban Spatial Planning
Department.

Figure 3.3 - View looking north from the Belgrade Municipal waste site towards the
Danube.



4 Site visit observation

At each of the site visits observations were made to enable an initial observational assessment of
the landslide type. The field observations were made at each of the locations of the site visits at:
1) Mali Zvornik, i1) Umka , iii) Krupanj iv) Vinca are detailed below.

4.1 MALI ZVORNIK

At Mali Zvornik a complex landslide (Figure 2, Appendix 1) was encountered that had a
multiple rotation slide mode (Figure 2, Appendix 1 & Figure 4.1, 4.2 & 4.3) at the top of the
landslide with a debris flow (Figure 2, Appendix 1 & Figure 4.2) at the bottom of the landslide
(toe).

Figure 4.1 - Scarp features seen in the middle of the landslide mass at Mali Zvornik
showing typical features for multiple rotational slides.

Figure 4.2 - Scarp features seen in the middle of the landslide mass at Mali Zvornik
showing the typical features for multiple rotational slides with small pools of water
observed.



Figure 4.3 - Scarp features seen at the top of the Mali Zvornik landslide mass showing
typical features for multiple rotational slides.

Figure 4.4 - View from pedestrian bridge looking west to the debris flow at the toe of the
Mali Zvornik landslide.

At the bottom of the slope there is a band of strong limestone that is approximately 10m high
with a slope angle of ~45°. The landslide debris flow (mixture of rock, soil, trees in a clayey
matrix) came down and over the limestone band, flowing down a pre-existing stream line. Above
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this streamline the meta-sedimentary rocks (schist and phyllites) are heavily weathered to a clay
soil and have a number of large continuous scarp features (cracks in soil), with vertical
displacements of between 1.0 — 5.0 m and apertures of 0.1 — 0.5 m (Figures 4.1-4.3). Slope
angles in the middle of the landslide’s meta-sedimentary rocks are 10-15° (Figure 4.2) and at the
top of the landslide are 20-25° (Figure 4.3).

The Mali Zvornik landslide covered and damaged the road at the bottom of the landslide, as well
as severing the utilities services at the side of the road, by the Drina River (Figure 4.4). At the
top of the slope small agricultural buildings had been damaged by the landslide moving. There is
also evidence of there having been sustained damage from the movement of the landslide for a
number of years (Figure 4.5). The agricultural practices, of growing vegetables, at the top of the
slope and the associated watering and storage of water have also contributed to enhancing the
movement of the landslide (Figure 4.5).

Figure 4.5 - Top of the Mali Zvornik landslide showing evidence of damage to buildings
and agricultural use of land.

4.2 UMKA & DUBOKO

At Umka and Duboko large slow moving rotational landslides were observed in the weathered
Neogene Miocene laminated soft marls and clayey marls. A number of continuous scarp features
(cracks in soil), with vertical displacements of between 0.2 — 5.0 m were observed (Figures 4.6).

Figure 4.6 - A view of the slow moving rotational landslide observed at Duboko. Damage to
road from the slow moving landslide can be observed.
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4.3 KRUPANJ

In Krupanj and the surrounding valleys a number of varying sized debris flows and debris slides
were observed. These ranged from flows and slides that were a few 10’s m® in size to 10,000’s
m’ (Figures 4.8 — 4.10). The debris flows and debris slides (Figure 2, Appendix 1) have formed
in the weathered (1-6 m deep) Palaeozoic metamorphosed sedimentary rocks (mainly schists).

Figure 4.7 - Debris slides seen in the Cadjavica valley that have damaged houses.

Figure 4.8 - Debris slides seen in the Ogradjenica valley that have damaged agricultural
land.
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Figure 4.9 - Debris flow seen in the valley above the Antimony Mine Waste Tailings Dam
where damage to the road and road infrastructure was observed.

The debris slides and failures seen in the valleys around the town Krupanj have damaged
buildings (Figure 4.8), agricultural land (Figure 4.9), as well as roads and road infrastructure
(Figure 4.10).

In addition, to observing the landslide sites in the valleys around Krupanj, the Stolice Antimony
Mine Waste Tailings Dam was visited. The embankment of this dam was observed to have been
breached and water from the mine waste is discharging into the river below the site.

Figure 4.10 - Stolice Antimony Mine Waste Tailings Dam showing breached embankment
and discharge of mine waste water.
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4.4 VINCA - THE BELGRADE MUNICIPAL WASTE SITE

At Vinca a complex landslide (Figure 2, Appendix 1) was encountered that had a multiple
rotation slide mode (Figure 2, Appendix 1 & Figure 4.11) at the top of the complex with debris
flow (Figure 2, Appendix 1 & Figure 4.12) at the bottom of the landslide (toe) in the Belgrade
Municipal Waste site.

Figure 4.11 - Scarp features seen in the middle of the landslide mass at the Belgrade
Municipal Waste site showing typical features for multiple rotational slide.

Figure 4.12 - View looking south-east back over the debris flow at the toe of the Vinca
Municipal Waste site landslide.

Slope angles around the edge of the Belgrade Municipal waste site range from 25 - 30° (Figure
4.14).

The Belgrade Municipal Waste site landslide has damaged the perimeter road and the utilities
around the waste site (Figure 4.15). Leachate was observed to be seeping out all over the site, but
particularly towards the toe of the landslide (Figure 4.15).
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Figure 4.13 - View looking south of the slope around the edge of the Belgrade Municipal
Waste Site.

Figure 4.14 - View looking north of the damage to the infrastructure and road around the
edge of the Belgrade Municipal Waste Site.
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5 Conclusion and recommendations

The flooding and landslide events that happened in northern-central Serbia, following Cyclone
Tamara, (between May 13-18™ 2014) are concentrated on the Sava river and its tributaries the
Drina and Kolubara, resulted in damage to property and infrastructure and the inundation of
agricultural land.

Following the flooding and landslide events the British Geological Survey (BGS), through the
UK Government, offered to provide technical and scientific assistance to UNDAC. UNDAC
invited Dr Helen Reeves (Director of Science for Engineering Geology and Engineering
Geologist) to Serbia to meet Serbian scientists and ministerial staff to provide technical support.
The principal aims were to 1) undertake a primary assessment of the landslide events and record
observations ii) discuss current understanding with Serbian counterparts and iii) propose
recommendations for future technical and scientific assistance.

The Serbian authorities, with the assistance of UNPD and the EU Civil Protection, have mounted
an impressive clean-up operation. In Serbia it was found that generally, there is a good scientific
and engineering understanding of the problems, but as yet no active plans for remediation to deal
with the landslides have been determined.

Within Serbia, at the moment, the techniques used for landslide assessments follow a traditional
approach. This is evident in the Serbian Geological Survey where years of under investment in
training and improved technology (especially IT hardware & software and surveying equipment)
has contributed to the slower development and advancement of an integrated national approach
to landslide mapping (geomorphologically, geologically & geotechnically based), assessment,
databasing and the production of a digital national landslide inventory and the development of a
national landslide hazard susceptibility assessment. As a result there are a number of areas within
the scientific and engineering community that would greatly benefit from investment in training
and improved technology (especially IT hardware & software and surveying equipment) within
the specific fields of:

1. Surveying (dGPS, Terrestrial LIDAR, digital field capture of geomorphological
geological data/observations)

2. Remote sensing (digital orthophotographs, Digital Elevation/Terrain Models, Radar)

3. Landslide monitoring (especially remote monitoring techniques)

4. Landslide remediation

Within Belgrade University there are experienced and highly skilled landslide experts that could
undertake elements of the above training.

For the site visits with colleagues from the Ministry of Construction, Transport & Infrastructure,
a number of specific recommendations have already been put forward to the Ministry through
email correspondence. The outlines of these recommendations are described in more detail
below.

5.1 MALI ZVORNIK

Suggested program of work recommend for the landslide at Mali Zvornik:

Phase 1: Accurate baseline survey of the landslide area

Survey should accurately map the geomorphological, hydrological, and geological features of the
landslide, ideally using a differential GPS system &/or detailed surveyed points, interpretation of
orthophotographs and satellite imagery. This dataset can then be used as a baseline to monitor
movement on the landslide, which will help to understand the on-going movement of the
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landslide. Additionally, it would be recommended to monitor the volume and flow rates of water
that is currently being diverted away from the landslide through the temporary diversion.

Phase 2: First conceptual ground model of the landslide

Using the baseline survey an initial conceptual ground model of the landslide can be developed

Phase 3: Design ground investigation of the landslide

Using the conceptual ground model of the landslide developed in Phase 2, design and undertake
a ground investigation (e.g. boreholes, trial pits). Incorporate into the ground investigation the
installation of piezometers (monitor pore pressures in soil/rock) and inclinometers (monitor
lateral movement) to enable the landslide to be monitored.

Phase 4: Second ground model of the landslide

Using all the data collected from the landslide from Phase 1-3 develop a second ground model.

Phase 5: Design remediation solution using the second ground model of the landslide developed
in Phase 4.

Phase 6: Install remediation solution

5.2 KRUPANJ

Recommended program of work at Krupanj is:

Phase 1: Survey of the key landslide events around the Krupanj river catchment

Survey should accurately locate and map both the geomorphological, hydrological, and
geological features of the landslide events through the use of orthophotographs, satellite imagery
and field based observations. From the data collection create a landslide event database (both of
landslide information and landslide spatial polygon data).

Phase 2: Prepare landslide susceptibility maps

Using the baseline landslide event data, collected in Phase 1, develop a landslide susceptibility
map using knowledge on the engineering geological properties of the rocks and soils in the area.

Phase 3: Highlight remediation options

Using the data and information collected in Phases 1 & 2 identify potential options for
remediation measures that could be undertaken (e.g. installation of catch fences, development of
debris ditches and/or the clearing of gullies/streams/rivers).

Colleagues from the Geological Survey of Serbia have produced a short visit report (Appendix
2), which highlights some of the points I have highlighted above. In addition, on June oth
2014, as a result of our visit Prof Dr Dragoman Rabrenovic (Director of the Geological Survey
of Serbia) has sent a team of 6 engineering geologists to Krupanj to survey the key landslide
areas in the Krupanj river catchment assess the damage to building and infrastructure and enable
some recommendations to be made.
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At the Stolice Antimony Mine Waste Tailings site, due to the nature of the mined mineral
Antimony (http://en.wikipedia.org/wiki/Antinomy), potentially harmful fluids to human health,
are discharging into the river. This site needs to be investigated with a full hazard and risk
assessment by experts in the field of Mine Waste/Tailings Engineering and Mine Water
Geochemistry as a matter of urgency. The representatives from the local municipality said that
the dam had been inspected and water had been sent away for testing and that they were waiting
for results. It is also recommended that until this is done, as a precaution, local people are
evacuated from the local vicinity.

5.3 VINCA - THE BELGRADE MUNICIPAL WASTE SITE

Suggested program of work recommended for the landslide at the Belgrade Municipal Waste
site:

Phase 1: Accurate baseline survey of the landslide area

Survey should accurately map both the geomorphological, hydrological, hydrogeological,
geochemical and anthropogenic features of the landslide, ideally using a differential GPS system
&/or detailed surveyed points, interpretation of orthophotographs and satellite imagery. This
dataset can then be used as a baseline to monitor movement on the landslide, which will help to
understand the on-going movement of the landslide. Additionally, it would be recommended to
monitor the geochemistry, as well as the volume and flow rates of leachate that is currently
seeping out of the landslide.

Phase 2: First conceptual ground model of the landslide

Using the baseline survey an initial conceptual ground model of the landslide can be developed

Phase 3: Design eround investigation of the landslide

Using the conceptual ground model of the landslide developed in Phase 2, design and undertake
a ground investigation (e.g. boreholes, trial pits). Incorporate into the ground investigation the
installation of piezometers (monitor pore pressures in soil/rock) and inclinometers (monitor
lateral movement) to enable the landslide to be monitored.

Phase 4: Second ground model of the landslide

Using all the data collected from the landslide from Phase 1-3 develop a second ground model.

Phase 5: Design remediation solution using the second ground model of the landslide developed
in Phase 4.

Phase 6: Install remediation solution
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Figure 2. 1 - Map showing the location of the landslide effected areas and the site visits
(black dots)
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Figure 2. 2 - Landslides types.

For more information on what causes a landslide and what is a landslide:
http://www.empr.gov.bc.ca/MINING/GEOSCIENCE/SURFICIALGEOLOGYANDHAZARDS/
LANDSLIDES/Pages/Whatcauseslandslides.aspx

http://www.bgs.ac.uk/landslides/whatls.html
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Appendix 3  Serbian Contacts

UNDP

Ms. Irena Vojackova-Sollorano (UN Resident Coordinator)
UNDP Resident Representative. Internacionalnih brigada 69, 11000 Belgrade, Serbia. Office: +3

81 (0) 11 20 40 400. Mob.: +381 (0) 63 33 90 13. Fax: +381 (0) 11 3 444 300
E-mail: irena.vojackova.sollorano@one.un.org; http://rs.one.un.org; http://www.rs.undp.org

Zarko Petrovic (Ministry of Transport contact in UNPD)

UNDP

Internacionalnih brigada 69, 11000 Belgrade, Serbia. Mob.: +381 (0) 63 69 81 39 (E-mail: zarko.
petrovic@undp.org)

Djordje Novakovic
UNDP
Internacionalnih brigada 69, 11000 Belgrade, Serbia. (E-mail: djordje.novakovic@undp.org)

Ministry of Natural Resources, Mining and Spatial Planning

Mr Zoran Danilovic (Assistant Minister)
Ministry of Natural Resources, Mining and Spatial Planning, Omladinskih brigada 1, 11070
Belgrade, Serbia. Mob.: +381(0) 64 81 66392 (Email: zoran.danilovic(@mre.gov.rs)

Velizar Nikoli¢ (Head of Department)

Ministry of Natural Resources, Mining and Spatial Planning
Sector for Geology and Mining, Department for geological research, Omladinskih brigada 1,
11070 Novi Beograd, Serbia. Office: +381 11 311 18 5, Fax: 381 11 312 26 13 (Email:
Velizar.Nikolic@mprrpp.gov.rs)

Prof Dr Dragoman Rabrenovic (Director)

Geological Survey of Survey, Rovinjska 12, 11 000, Belgrade, Mob.: +381 63 359 362 or +381
60 059 70 09, Fax: 381 11 288 05 36 (Email: dragoman.rabrenovic@gzs.gov.rs &
d.rabrenovic@gmail.com)

Predrag Mijatovic (Deputy Director)
Geological Survey of Survey, Rovinjska 12, 11 000, Belgrade, Mob.: +381 60 029 75 92, Fax:
381 11 288 05 36 (Email: predrag.mijatovic(@gzs.gov.rs & m.petar@open.telekom.rs)

Ms Aleksandra Gulan (Geochemist)
Geological Survey of Serbia, Rovinjska 12, 11 000, Belgrade, Mob.: +381(0) 63 47 5995

Mr Djordje Trbojevic (Project leader for Landslide Catastrophe project)
Geological Survey of Serbia, Rovinjska 12, 11 000, Belgrade

Ms Isidora Vukadinovic (Engineering Geologist)
Geological Survey of Serbia, Rovinjska 12, 11 000, Belgrade, Mob.: +381(0) 60 33 7381 (Email:
i.vukadinovic@gzs.gov.rs)
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Ministry of Construction, Transport & Infrastructure

Mr Dejan Trifunovic (Secretary of State)
Ministry of Construction, Transport & Infrastructure, 22-26 Nemanjina St., 11000 Belgrade,
Serbia. Office.: +381(0) 11 361 6431 (Email: dejan.trifunovic@merz.gov.rs)

Ana Miti¢ (Special Advisor)
Ministry of Construction, Transport and Infrastructure, Nemanjina 22-26, 11000 Belgrade.
Office.: +381 (0) 11 361 6609 Mob.: +381 (0) 65 853 5299 (Email: ana.mitic@mgu.gov.rs)

Momir Kocovi¢ (Head of Section for State Road Inspection)
Ministry of Construction, Transport and Infrastructure, Transport, 1 Omladinskih Brigada St.,
11070, New Belgrade. Office.: +381 (0) 11 260 9276 (Email: momir.kocovic@mi.gov.rs)

Vladan Brankovi¢ (Inspector for State Roads & Road Safety)
Ministry of Construction, Transport and Infrastructure, Transport, 1 Omladinskih Brigada St.,
11070, New Belgrade. Office.: +381 (0) 11 311 7272 Mob.: +381 (0) 64 831 6158

University of Belgrade

Assoc. Prof Biljana Abolmasov (Vice-Dean)
Faculty of Mining and Geology, University of Belgrade, Djusina 7, Belgrade, Telephone: +381
11 3219 101, Mob.: +381 62 8003 438 Fax: +381 11 3235 539. (Email:

biljana.abolmasov@rgf.bg.ac.rs.)
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