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PREFACE 
 

On behalf of the Organizing Committee, it is a great honor and pleasure to welcome all 
esteemed participants of the 54th International October Conference on Mining and Metallurgy 
(IOC 2023), scheduled to take place at the picturesque Bor Lake, Serbia, from October18th to 21st 
2023. 

The collaborative efforts of the University of Belgrade, the Technical Faculty in Bor, and 
the Mining and Metallurgy Institute Bor have meticulously organized this year's IOC. Our focus 
remains unwavering on showcasing the latest research findings and advancements in geology, 
mining, metallurgy, materials science, technology, environmental protection, and other 
engineering disciplines. Our primary objective is to foster a dynamic environment where 
academics, researchers, and industry professionals can come together to share their knowledge, 
experiences, and innovative ideas while exploring opportunities for collaborative research 
endeavors. 

Our conference agenda is rich and diverse, encompassing plenary sessions, engaging 
invited lectures, technical presentations, enlightening oral and poster sessions, informative 
technical tours, a diverse exhibition, and memorable social gatherings. At the heart of this event 
lies our strong commitment to sustainable development within the mining and metallurgy sector. 
We are dedicated to exploring ecologically conscious methodologies, responsible resource 
extraction practices, and cutting-edge technologies that reduce the industry's environmental impact 
and enhance the well-being of local communities. 

The conference proceedings comprise 129 papers authored by individuals from 
universities, research institutes, and industries in 22 countries. We are proud to welcome 
participants from Bosnia and Herzegovina, Bulgaria, Canada, China, Croatia, Germany, Greece, 
India, Iran, Kazakhstan, Libya, North Macedonia, Montenegro, Morocco, Romania, Russia, 
Slovakia, South Africa, Spain, Turkey, United States, and, of course, Serbia. 

We are excited to host the 8th International Student Conference on Technical Sciences (ISC 
2023) as part of IOC 2023. This event offers students from Serbia and the wider region a unique 
chance to showcase their research and discuss the future of their fields with experts. 

We sincerely thank the Ministry of Science, Technological Development, and Innovation 
of the Republic of Serbia for their generous financial support. In addition, we express our profound 
gratitude to all our sponsors, exhibitors, and friends of the Conference for their contributions and 
unwavering support for playing a pivotal role in ensuring the success of IOC 2023. 

We would like to express our heartfelt thanks to all authors, committees, reviewers, 
speakers, and chairpersons for their invaluable contributions in shaping IOC 2023. 

We look forward to welcoming you to the 55th International October Conference on 
Mining and Metallurgy (IOC 2024), which will be held in October 2024. 
 

On behalf of the 54th IOC Organizing Committee, 

                     Prof. dr Ljubiša Balanović 
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Abstract 
Atmospheric bulk deposition (ABD) could be used as an environmental quality indicator, not only of the 
atmospheric but also of the soil and water resources. Contents of ABD, as well as Pb, Cd, As, and Ni in 
ABD were evaluated for a 10-year period (2013⎼2022), at four measuring sites in the urban-industrial, 
urban and industrial zones in the area of the City of Bor, which were under the influence of the polluting 
substances from the copper mining and smelting operations. The number of the measuring sites at which 
contents of ABD were above the Maximum Allowable Concentration (MAC) decreased over time, which 
was in accordance with the general decline of ABD contents, especially at the measuring sites Bolnica and 
Šumska sekcija. The measuring site Institut was the exception, due to the increasement of contents of the 
analysed polluting substances in the recent years. This could be the consequence of the wet and dry 
deposition of the dispersed particulates of the flotation copper concentrate, in the course of handling it and 
the vicinity of the road and railway transportation routes to the measuring site Institut. The implementation 
of the flesh smelting technology and continuous reconstructions of the copper smelter facilities have led to 
the general improvement of the annual air quality in the City of Bor concerning the contents of ABD and 
the analysed elements in ABD, but it seems that new nonstationary sources of the environmental pollution 
could change pollution trends in future years. 

Keywords: atmospheric bulk deposition, Pb, Cd, As, Ni  

1. INTRODUCTION  
Atmospheric bulk deposition (ABD) represents air polluting substances which were deposited 
from the atmosphere to the earth’s surface through three main mechanisms: wet, dry and occult 
deposition [1]. Dry deposition of air polluting substances occurs as a result of several processes, 
but mainly though sedimentation of particulate matter with diameter greater than 10 µm. Wet 
deposition occurs mainly as a result of inclusion or solution of air polluting substances in raindrops 
and snowfall [2,3]. Occult deposition manifests throught capturing the polluting substances by 
water droplets in the form of fog, mist, or by cloud interception [1]. Deposition of air pollutants 
plays a vital role in cleaning the air, but it also brings toxic elements to the receiving terrestrial 
and aquatic ecosystems. That is the way how deposited pollutants threaten human health through 
food chains, which is a key part of their biogeochemical cycles [4]. Heavy metals and metalloids 
in atmospheric bulk deposition are found to exhibit strong correlations with road proximity and 
traffic volume, as well as with significant effect of the copper smelter and many other 
anthropogenic sources of inorganic and organic air pollutants [5-9]. Taking this into account, it is 
possible to use those elements of the ABD as environmental quality indicators for quantification 
of the contribution of emissions to an area’s environmental stress [10,11].  
The aim of this study was to evaluate the contents of atmospheric bulk deposition and 
concentrations of Pb, Cd, As and Ni in ABD, at four measuring sites for the 10-year period 
(2013⎼2022), in the area of the City of Bor in which mining and smelting of copper sulphide ores 
have been performed for more than 100 years. 
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2. EXPERIMENTAL  
The main anthropogenic source of the polluting substances, such as SO2, and suspended particulate 
matter (PM10) with high content of heavy metals and metalloids, in the study area was copper 
smelter of sulphide concentrates, as well as flotation tailing ponds located at the edge of the City 
of Bor and in the vicinity of several rural areas. The City of Bor represents the historical air 
pollution hotspot in South–Eastern Europe [12,13]. In order to improve production efficiency and 
environmental quality, the outdated technology of smelting sulphide concentrates was replaced 
with the flesh smelting technology which was in the status of running–in during 2015 [13]. The 
copper smelter operated at full capacity from the beginning of 2019, while the copper smelter did 
not operate from April 2022 to the end of 2022, due to the reconstruction. It should be noted that 
in the recent years a new copper mine and copper ore flotation plant were opened in the area about 
5 km in the SSE direction from the City of Bor.  
Monitoring of concentrations of air polluting substances in the City of Bor during the analysed 
period 2013⎼2022, was performed by the Mining and Metallurgy Institute Bor (MMI). The 
monthly and annual reports are available for public on the official web site of the City of Bor [14] 
as well as at the web site of the Serbian Environmental Protection Agency (SEPA) [15]. Contents 
of atmospheric bulk deposition and concentrations of elements in ABD were determined monthly 
(30±2 days). The obtained values were expressed as mg/m2/day and μg/m2/day, for the ABD 
contents as well concentrations of elements in ABD, respectively. 
Contents of atmospheric bulk deposition and Pb, Cd, As and Ni in ABD were determined in the 
samples from four measuring sites, 3 of which were located in the City of Bor and one near the 
rural area of Oštrelj. The measuring sites Bolnica and Šumska sekcija were located in the urban-
industrial zone, the site Institut in the urban zone, and the site Oštrelj in the industrial zone. The 
measuring sites were about 1 km (Bolnica and Šumska sekcija), 2 km (Institute) and 4.5 km 
(Oštrelj) from the copper smelter. The dominant winds in the study area by which the polluting 
substances were transported from the copper smelter to the measuring sites were: NE for the 
Bolnica, ENE for the Šumska sekcija, NNE for the Institut and WNW for the Oštrelj measuring 
site. 

3. RESULTS AND DISCUSSION 
The annual ABD contents at four measuring sites for the 10-years period are given in Figure 1. It 
should be noted that there were 7 months of measuring (June–December) at the measuring sites 
Bolnica and Oštrelj during 2015, as well as 11 months of measuring (January–October and 
December) at the measuring site Šumska sekcija during 2021. In Figure 1, red line represents the 
maximum allowed concentration (MAC) for ABD (200 mg/m2/d), for the averaging period of one 
calendar year, according to the Regulation of the Republic of Serbia [16]. 
 

 
Figure 1 - Annual contents of ABD at four measuring sites during 10-year period 
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The exceedances of the MAC were noted at three measuring sites (Bolnica, Šumska sekcija, 
Oštrelj) during 2013 and 2014, at two measuring sites  during 2015 and 2016 (Bolnica, Šumska 
sekcija) and 2017 (Bolnica, Oštrelj), as well as at one measuring site during: 2019 (Šumska 
sekcija), 2021 and 2022 (Institute). The contents of ABD at the measuring sites Oštrelj (2015) and 
Bolnica (2018) were below, but close to the MAC (199.3 mg/m2/d and 199.5 mg/m2/d, 
respectively). This trend indicated general improvement of the air quality in terms of ABD, from 
2013 to 2022. The measuring site Bolnica was the most polluted with ABD during five years (in 
the period 2013⎼2016 and in 2018), followed by the measuring site Šumska sekcija (the most 
polluted during 2019). This could be the consequence of the close vicinity to the copper smelter, 
and the location of the mentioned measuring sites relative to the prevailing wind directions which 
bring the pollution from the pollution sources. The measuring site Oštrelj was the most polluted 
with ABD compared to the other measuring sites, during 2017. In the period 2020⎼2022, the 
measuring site Institute stood out with the highest pollution with ABD, compared to the other sites, 
with the noticed trend of increasing ABD contents from 2016 to 2022. The especially interesting 
data were for the 2022 when copper smelter was not working from April, due to the reconstruction. 
There has been more intensive mining and copper ore processing in the City of Bor and in the new 
copper mine and flotation plant, about 5 km from the City, in the recent years. The handling of the 
copper concentrate obtained in the flotation plant in the City of Bor and newly constructed flotation 
plant during transportation by railway and roads adjacent to the site Institut probably caused 
dispersion of very small particulates of copper concentrate, which reached the earth surface by wet 
and dry deposition. This probably was the main source of the polluting substances determined in 
the form of ABD at the measuring site Institute. 
 The average annual concentrations of Pb, Cd, As and Ni in ABD at four measuring sites (Bolnica, 
Šumska sekcija, Institut and Oštrelj), from 2013 to 2022 are given in Figure 2.  
 

a) b) 

  
c) d) 

  
Figure 2 - Average annual contents of a) Pb, b) Cd, c) As and d) Ni in ABD at four measuring sites  
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The annual concentrations of the analysed elements followed the trend of the annual content of 
ABD. During the examined period, the measuring sites Bolnica and Šumska sekcija represented 
the most polluted locations. At the measuring site Bolnica, the concentrations of Pb and Cd were 
the highest during the examined period, except during 2018 and 2022, and except during 2019 and 
2022, respectively. The concentration of As was the highest at the site Bolnica, except in 2019, 
2021 and 2022. At the measuring site Šumska sekcija, the most pronounced pollution was with Ni 
during 6 years (2013, 2014, 2016, 2017, 2018, and 2019). Compared to the other sites, the Oštrelj 
site was less polluted with the analysed elements, except in 2018 when the highest concentration 
of Pb was observed. As in the case of ABD, at the measuring site Institute the concentrations of 
Pb, Cd, As and Ni were the highest in 2022 and the concentration of Ni in 2021. 

4. CONCLUSION 
The annual contents of atmospheric bulk deposition (ABD) as well as Pb, Cd As, and Ni in ABD, 
in the urban-industrial, urban and industrial zones which were under the influence of the polluting 
substances from the copper smelter and flotation tailing ponds, were analysed for 10-year period 
(2013⎼2022), in the City of Bor and the surroundings. The number of measuring sites with contents 
of ABD above the Maximum Allowable Concentration, decreased over the years, which is an 
indication that the change of copper smelting technology, and the reconstructions of the industrial 
facilities lead to the general improvement of the air quality in terms of ABD, from 2013 to 2022, 
in the study area. Contents of ABD and analysed elements increased throughout the years at the 
measuring site Institut, reaching the maximum during 2022, although the copper smelter did not 
operated from April, due to the reconstruction. Such trend could be linked to the nonstationary 
sources of the pollution, such as handling during transportation of the copper concentrate obtained 
in the flotation plants in the City of Bor and in the newly constructed flotation plant located about 
5 km SSE from the City of Bor, by the railway and the roads adjacent to the measuring site 
Institute. 
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