University of Belgrade
Technical Faculty in Bor

315! International conference

Ecological
Truth &
Environmental
Research

Editor |
Prof. Dr Snezana Serbula

PROCEEDINGS

Hotel Sunce, Sokobanja, Serbia
18-21 June 2024




PROCEEDINGS
31" INTERNATIONAL CONFERENCE
ECOLOGICAL TRUTH & ENVIRONMENTAL RESEARCH — EcoTER’24

Editor:

Prof. Dr Snezana Serbula, University of Belgrade, Technical Faculty in Bor
Technical editors of the Proceedings:

Dr Tanja Kalinovi¢, University of Belgrade, Technical Faculty in Bor

Dr Jelena Kalinovi¢, University of Belgrade, Technical Faculty in Bor

Prof. Dr Ana Radojevi¢, University of Belgrade, Technical Faculty in Bor

Dr Jelena Jordanovi¢, University of Belgrade, Technical Faculty in Bor

Sonja Stankovi¢, MSc, University of Belgrade, Technical Faculty in Bor
Editor of the 6™ Student Section:

Prof. Dr Maja Nujki¢, University of Belgrade, Technical Faculty in Bor
Technical editor of the 6™ Student Section:

Vladan Nedelkovski, MSc, University of Belgrade, Technical Faculty in Bor
Cover design:

Aleksandar Cvetkovi¢, BSc, University of Belgrade, Technical Faculty in Bor
Publisher: University of Belgrade, Technical Faculty in Bor
For the publisher: Prof. Dr Dejan Taniki¢, Dean
Printed: University of Belgrade, Technical Faculty in Bor, 100 copies, electronic edition
Year of publication: 2024

. This work is available under the Creative Commons
creative O N o o
@commons Attribution-Non-commercial-NoDerivs licence

(CC BY-NC-ND)

CIP - Katanorusauuja y nyénukaumju
HapogHa 6ubnunoteka Cpbuje, Beorpag

502/504(082)(0.034.2)
574(082)(0.034.2)

INTERNATIONAL Conference Ecological Truth & Environmental Research (31 ; 2024 ;
Sokobanja)

Proceedings [Elektronski izvor] / 31st International conference Ecological Truth & Environmental
Research - ECOTER'24, Sokobanja, Serbia, 18-21 June 2024 ; [organized by] University of Belgrade,
Technical faculty in Bor (Serbia) ; [co-organizers University of Banja Luka, Faculty of Technology —
Banja Luka (B&H) ... [et al.]] ; [editor Snezana Serbulal. - Bor : University of Belgrade, Technical
faculty, 2024 (Bor : University of Belgrade, Technical faculty). - 1 elektronski opti¢ki disk (CD-ROM) ;
12 cm

§istemski zahtevi: Nisu navedeni. - Nasl. sa naslovne strane dokumenta. - Preface / Snezana
Serbula. - Tiraz 100. - Bibliografija uz svaki rad.

ISBN 978-86-6305-152-2
a) XXusoTHa cpeguHa -- 36opHuum 6) Exkonorvja — 36opHnum

COBISS.SR-ID 147002889




(3 EeTER24

The 31% International Conference
Ecological Truth & Environmental Research — ECoTER'24

Is organized by:

UNIVERSITY OF BELGRADE
TECHNICAL FACULTY IN BOR (SERBIA)

Co-organizers of the conference:

University of Banja Luka, Faculty of Technology,
Banja Luka (B&H)

University of Montenegro, Faculty of Metallurgy and Technology, Podgorica
(Montenegro)

University of Zagreb, Faculty of Metallurgy, Sisak (Croatia)

University of Pristina, Faculty of Technical Sciences, Kosovska Mitrovica
(Serbia)

Society of Young Researchers — Bor (Serbia)



SCIENTIFIC COMMITTEE

Prof. Dr SneZana Serbula, President

Prof. Dr Alok Mittal (India)

Prof. Dr Jan Bogaert (Belgium)

Prof. Dr A. Nadgdrska-Socha (Poland)

Prof. Dr Luis A. Cisternas (Chile)

Prof. Dr Wenhong Fan (China)

Prof. Dr Martin Brtnicky (Czech Republic)
Prof. Dr I.M. De Oliveira Abrantes (Portugal)
Prof. Dr Shengguo Xue (China)

Prof. Dr Tomas Losak (Czech Republic)
Prof. Dr Maurice Millet (France)

Prof. Dr Murray T. Brown (New Zealand)
Prof. Dr Xiaosan Luo (China)

Prof. Dr Daniel J. Bain (USA)

Prof. Dr Che Fauziah Binti Ishak (Malaysia)
Prof. Dr Richard Thornton Baker (UK)
Prof. Dr Mohamed Damak (Tunisia)

Prof. Dr Jyoti Mittal (India)

Prof. Dr Miriam Balaban (USA)

Prof. Dr Fernando Carrillo-Navarrete (Spain)
Prof. Dr Pablo L. Higueras (Spain)

Prof. Dr Mustafa Cetin (Turkey)

Prof. Dr Mauro Masiol (Italy)

Prof. Dr George Z. Kyzas (Greece)

Prof. Dr Mustafa Imamoglu (Turkey)

Prof. Dr Petr Solzhenkin (Russia)

Prof. Dr Yeomin Yoon (USA)

Prof. Dr Chang-min Park (South Korea)
Prof. Dr Faramarz Doulati Ardejani (Iran)
Prof. Dr Natalija Doli¢ (Croatia)

Prof. Dr Milutin Milosavljevi¢ (Serbia)
Prof. Dr Nenad Stavretovi¢ (Serbia)
Prof. Dr Ivan Mihajlovi¢ (Serbia)

Prof. Dr Milovan Vukovi¢ (Serbia)
Prof. Dr Nada Blagojevi¢ (Montenegro)
Prof. Dr Darko Vuksanovi¢ (Montenegro)
Prof. Dr Irena Nikoli¢ (Montenegro)
Prof. Dr Sefket Goleti¢ (B&H)

Prof. Dr Dzafer Dautbegovi¢ (B&H)
Prof. Dr Borislav Malinovi¢ (B&H)
Prof. Dr Slavica Sladojevi¢ (B&H)
Prof. Dr Nada Sumati¢ (B&H)

Prof. Dr Snezana Mili¢ (Serbia)

Prof. Dr Dejan Taniki¢ (Serbia)

Prof. Dr Milan Trumi¢ (Serbia)

Dr Jasmina Stevanovi¢ (Serbia)

Dr Dragana Randelovi¢ (Serbia)

Dr Visa Tasi¢ (Serbia)

Dr Ljiljana Avramovi¢ (Serbia)

Dr Stefan Pordievski (Serbia)

Prof. Dr Branimir Jovancéicevié¢ (Serbia)
Dr Mirjana Markovi¢ (Serbia)

Dr Lidija Manci¢ (Serbia)

Dr Tanja Brdari¢ (Serbia)

Prof. Dr Tatjana Andelkovi¢ (Serbia)
Prof. Dr Milan D. Antonijevi¢ (UK)
Prof. Dr Jelena Mitrovi¢ (Serbia)

Prof. Dr Polonca Trebse (Slovenia)
Prof. Dr Popescu Francisc (Romania)

Prof. Dr Adrian Eugen Cioabla (Romania)

viii



HONORARY COMMITTEE

Dr. Petar Paunovic¢
(Zajecar, Serbia)

Prof. Dr Zvonimir Stankovié¢
(Bor, Serbia)

Prof. Dr Velizar Stankovié
(Bor, Serbia)

Prof. Dr Milan M. Antonijevi¢
(Bor, Serbia)
Prof. Dr Ladislav Lazi¢
(Sisak, Croatia)

Dragan Randelovié, Society of Young Researchers — Bor
(Bor, Serbia)

Toplica Marjanovié, Society of Young Researchers — Bor
(Bor, Serbia)

Mihajlo Stankovi¢, Special Nature Reserve of Zasavica
(Sremska Mitrovica, Serbia)



ORGANIZING COMMITTEE

Prof. Dr SneZana Serbula, President
Prof. Dr SneZana Mili¢, Vice President
Prof. Dr Porde Nikoli¢, Vice President
Prof. Dr Ana Radojevi¢, Vice President

Dr Tanja Kalinovié, Vice President
Prof. Dr Marija Petrovi¢ Mihajlovi¢
Prof. Dr Milan Radovanovi¢
Prof. Dr Milica Veli¢kovié
Prof. Dr Danijela Voza
Prof. Dr Maja Nujki¢
Prof. Dr Ana Simonovi¢
Dr Jelena Kalinovi¢
Dr Jelena Jordanovic¢
Dr Dragana Medi¢
Sonja Stankovi¢, MSc
Vladan Nedelkovski, MSc
Aleksandar Cvetkovié¢, BSc

Dragan Milenkovi¢, IT service



PREFACE

The 31% international conference Ecological Truth & Environmental Research — EcoTER 24
focuses on showing the latest research findings and innovations in the field of ecology,
environmental protection and sustainable development. The conference will be held in
Sokobanja (Serbia) in hotel Sunce in the period of 18-21 June 2024.

The aim of the conference is to connect the experts in various fields in order to transform
attitudes and behaviors in everyday practices, as well as in the industry and economy sector
which is essential for achieving the desired changes that our society must undergo.

The 31% international conference Ecological Truth & Environmental Research — EcoTER 24
is organized by the University of Belgrade, Technical Faculty in Bor, and co-organized by the
University of Banja Luka, Faculty of Technology; the University of Montenegro, Faculty of
Metallurgy and Technology — Podgorica; the University of Zagreb, Faculty of Metallurgy —
Sisak; the University of Pristina, Faculty of Technical Sciences — Kosovska Mitrovica and the
Society of Young Researchers — Bor.

These Proceedings encompass 119 papers from the authors coming from the universities,
research institutes and industries in 15 countries: Brazil, Norway, USA, Spain, Austria,
Libya, Italy, Israel, Slovenia, Croatia, Romania, Bulgaria, Montenegro, Bosnia and
Herzegovina, North Macedonia, and Serbia. It is a great honor and pleasure to cordially wish
a warm welcome to all the participants of the conference.

As a part of this year's conference, the 6™ Student Section — EcoTERS24 will be held. We
appreciate the contribution of the students and their mentors who have also participated in
the conference and hope that students will continue to explore and to be curious, since
education is a never-ending process, and knowledge is continuously growing.

The organization of the EcoTER 24 conference has been financially supported by the Ministry
of Science, Technological Development and Innovation of the Republic of Serbia.

The support of the Donors and their willingness and ability to cooperate has been of great
importance for the success of the EcoTER 24 conference. The organizing committee would
like to extend their appreciation and gratitude to the Platinum donors of the conference —
Serbia ZiJin Copper doo Bor and HBIS SERBIA, to the Gold donor of the conference — Elixir
Group, as well as to the Silver donor of the conference — Serbian Chamber of Engineers.

We would like to express our sincere appreciation to all the authors who have contributed to
the Proceedings. We would also like to express our gratitude to the members of the scientific,
organizing and honorary committees, reviewers, speakers, chairpersons and all the
conference participants for their support of the EcoTER24. Sincere thanks go to all the
people who have contributed to the successful organization of the EcoTER 24.

Prof. Snezana Serbula,

President of the scientific and organizing committee

Xi
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Abstract

Because mining, dumping, and tailings can generate waste and radioactive consequences, society
must develop methods for successfully treating mining waste from mine dumps, tailings, and
abandoned mines. Several characteristics, including background contamination from natural sources
related to mineral deposits, contamination from industrial activities in three-dimensional subsurface
space, a problem with long-term remediation following mine closure, a problem with secondary
contaminated areas near mine sites, land use conflicts, and abandoned mines, distinguish it. The
paper study on RTH Bor flotation tailings, which is acquiring waste from near by flotation Bor.
Considering great potential of RTH Bor on environmental impact it is necessary to establish adequate
monitoring program for monitoring the quality of air, water and surrounding land, in order to monitor
the quality of the living environment.

Keywords: monitoring, flotation tailing, environmental.

INTRODUCTION

Mineral resources can serve as critical parts of socioeconomic development and innovative
technological materials. Meanwhile, mining has been highlighted as an effective way to
eradicate global poverty especially for the remote mountain areas [1]. However, with
increasing demand for mineral deposits, the negative impact on the eco-environment is also
quickly growing, such as deforestation, habitat and biodiversity loss, forest fragmentation,
disruption of food chains, air and water pollution [2]. To quantify mining’s impact on the eco-
environment, a large number of studies have documented the evaluation of negative impacts
during mining, such as the mine environment monitoring, which integrates remote sensing
ecological index (RSEI) and ecological index (El) to investigate mine land use, surface
subsidence and vegetation [3-5]. In addition, mine ecological restoration, mainly including
environmental pollution and geological disasters control, has also been intensely applied.
More recently, the mine eco-environmental survey is also playing a significant role, utilizing
multiple methods, including GIS and RS analytical tools, to comprehensively evaluate a series
of mine soil, surface water, and underground water problems caused by mining processes [6].
Although these studies have provided important insights for mine eco-environmental
evaluation, they commonly only emphasized the current ecological and environmental
disturbance caused by mining.
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The primary purpose of the monitoring plan is to define the criteria and details for the
environmental monitoring plan and implementation in order to quantify the environmental
impact of the facility and provide a basis for the decision-making process.

The monitoring plan and the results obtained from its implementation should lead to the
achievement of the following specific goals:

e evaluations of compliance of the operator's emissions with the emission limit values
defined by the respective laws and by-laws;

e assessments of the implementation of the best available techniques;

e provision of data confirming the implementation of the measures required by the permit;

e provision of data necessary for assessing the impact of the operator's activities on the
environment;

e provision of preventive measures to prevent possible environmental pollution that may
occur as a result of the operator's activities.

MINING AND THE ENVIRONMENT

Concerns were raised among the general public regarding the impact that the mining
industry may have impact on the environment due to its operations (Figure 1) [7]. This is
because people are becoming increasingly aware of the potential adverse effects that these
operations may have [8]. The government and the mining sector have collaborated on a
number of pieces of legislation aimed at reducing the negative impacts of mining on the
surrounding environment before, during, and after mining operations to study environmental
impact assessment (EIA) [9]. The effects of mining and its environmental impact is illustrated
in Figure 2 where we explored the impact of excessive mining and their effects.

WATER ACIDIFICATION

ACID MINE DRAINAGE

TOXIC BIOACCUMULATION
HEAVY METAL CONTAMINATIO
ALTERED HYDROLOGICAL TABLE,

DUST POLLUTION

PROCESSING CHEMICAL POLLUTION
TOXIC ELEMENTS CONTAMINATION

.\ AIR ACIDIFICATION

PARTICULATE MATTER POLLUTION

Al 5 |
~al. _a—

Figure 1 Potential effects of mining and imbalance in different environments [10]

goll
grosio®
SOIL EROSION

SOIL ACIDIFICATION
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LOSS OF SOIL FERTILITY
FOOD CHAIN CONTAMINATION
DISRUPTION OF SOIL MICROBIOME
TOXIC BIOACCUMULATION IN SOILS

Depending on a number of elements unique to each mine, the extent and character of the
repercussions could range from negligible to severe [11]. Some of these include the nature of
the ore body, the mining equipment and extraction methods employed, whether or not
minerals are processed onsite, and how fragile the local ecosystem is [12]. The negative
consequences of mining on the environment are widespread, yet they are often only felt in
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small places [13]. In addition to the readily apparent physiological effects that extractive
activities have, there is also the potential for air, land, and water contamination. Mining may
not be the primary land use that disrupts biological systems [14]. This is because the effects
on the environment are cumulative by their varying nature, and other activities or events that
occurred in the past may have contributed to these consequences [15].

L8\

Endlinrmwgc’in-

Landslides
Wells dry up

Groundwater pollution

Depletion of natural resources

Figure 2 Impact of excessive mining and their consequences in the environment [10]

STUDY CASE - FLOTATION TAILING RTH BOR

The RTH (Mine body H (Rudno Telo H)) flotation tailings pond (Figure 3) was formed
southeast of the Bor flotation in the excavation area of the RTH open pit. After the
excavation, space of the open pit RTH was filled, and due to the need to increase the volume
of the storage area, the flotation disposal site was expanded to the northwest and southeast in
the former valley of the Bor river. The river valley in the northwest towards the smelter slag
disposal site and the abandoned open pit Bor was blocked by Dam 1 (Figure 3). Downstream,
the valley of the Bor river is blocked by dam 2 (Figure 3). On the eastern side, the flotation
tailings pit abuts the Eastern landfill of open pit Bor, and on the western side of the flotation
tailings, a peripheral embankment has been erected.

Fiure 3 Spacil representation of the location of the flotation 7tai'n' RTH
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PARAMETERS ON THE BASIS OF WHICH HARMFUL EFFECTS ON THE
ENVIRONMENT CAN BE DETERMINED

Study of this paper includes all activities at the RTH flotation tailings pond. Considering
the characteristics of the facilities themselves, it can be stated that the active surfaces of the
flotation tailings (beach, dams) are the largest emitters of polluting substances at the location
in question.

Surface water, as the largest transport medium, should be monitored diligently, in terms of
monitoring the water quality of nearby watercourses. Taking into account the location of the
flotation tailings and its structural characteristics, it can be concluded that there is a possibility
of influence on underground water. Monitoring soil quality will mean monitoring the
distribution of heavy metals in the soil in accordance with the wind rose. The flotation tailings
pond is a facility where there are no machines and devices that would have a significant
impact on increasing the noise level. Apart from the mining machinery that periodically
works at this location, there are no other sources of noise.

The measurement of noise emissions into the environment will be monitored, with an
emphasis on the area where the concentration of the surrounding population is closest to the
mining facilities. The parameters to be monitored on the mentioned entities are shown in
Table 1. Disposition of measuring points are shown on Figure 4.

Table 1 Monitoring parameters
Frequency of

Location L Parameters
monitoring
o Water temperature, colour, smell, pH, electrical
conductivity, sedimentary matter, suspended matter,
Waters: HPK, BPKS5, soluble oxygen, oxygen saturation;
Underground piezometer 2 times per year o Metals, metalloids and their compounds: Cr, As, Cd,
o (3 referent) Pb, Zn, Hg, Ni, Fe, Cu, Mn

o Sulfates; Cyanides; Nitrates, nitrites; Mineral oils
and hydrocarbons; Total fats and oils.

¢ Sedimentation matter -
Air monthly
e Measuring points are placed e Suspended particles -
near private houses in the daily samples, twice a
south, east, southwest of the year  (summer and
proposed location winter period, 30 days
each);

o Total sediments: amount of sediments,

o Suspended particles: PM10, PM2.5

o content of heavy metals (Cr, As, Cd, Pb, Zn, Hg, Ni,
Fe, Cu, Mn)

Noise:

Measuring points in the vicinity o Equivalent intensity level, daily measurements

of the nearest private buildings 1 per year o Equivalent level-intensity, night measurements
(northeast and east)
o Humus content
Soil: e Soil pH
e The measuring points are e calcium carbonate, nitrogen, electrical conductivity;
located on the surrounding 1 per year phosphorus;
areas to the southeast, northeast e Metals: As, Cd, Pb, Zn, Hg, Ni, Fe, Cu
and eastt of the subject location o Sulfates; Fluorides; Chlorides; Nitrites, nitrates,

Cyanides. Aromatic organic compounds.
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Legend:

*[* _for
underground
waters,

MB - for
noise level,
*R — for PM
(Particulate
matter),
VZ*- for
sedimentation
matter,

Z* —for soil.
N

} Google Earth
igure 4 Disposition ofmeasuring points

CONCLUSION

Mining activity has increased significantly due to significant population growth and
worldwide demand for mineral resources [16]. This increase coincides with a new awareness
in which environmental issues have become an increasing challenge for all actors in the sector
[17,18]. There is an increased social demand for sustainable development of all activities
related to mining, especially adequate management of waste products during each phase of
the mining process, including prospecting and research, development, extraction,
transportation and treatment of the obtained products, etc. [19]. Energy requirements,
environmental and human health risks, water resource requirements and required technology
must be taken into account [20].

Taking these arguments into account, the monitoring system gains great importance. The
monitoring system collects and interprets the information necessary to determine whether the
environmental protection management plan and related systems have been effectively
implemented, and whether the environmental goals set by the company, the authorities and
the community have been properly met.

The monitoring system should consist of: identification of pollution sources and
parameters, selection of environmental parameters for which measurements are made,
determination of critical areas and data collection, analysis and assessment. The goal of the
environmental monitoring system is to analyze the sources of pollution while considering the
effectiveness of the applied environmental protection measures.
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