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PREFACE

In today’s world, the environment has been endangered by the use of outdated technology,
fossil fuels and environmental law violations. Therefore, environmental and many other
scientists all over the world have been concerned about finding sustainable technology in
resolving these issues. That is why environmental research and ecological truth are at the
focus of the 29" International Conference Ecological Truth & Environmental Research 2022
(EcoTER’22), which will be held in Sokobanja, Serbia, 21-24 June 2022. On behalf of the
Organizing Committee, it is a great honor and pleasure to wish all the participants a warm
welcome to the Conference.

We hope to convey the message of the conference, which is that a transformation of attitudes
and behavior would bring the necessary changes. This is also an opportunity for the
participants who are experts in this field to exchange their experiences, expertise and ideas,
and also to consider the possibilities for their collaborative research.

The 29" International Conference Ecological Truth & Environmental Research 2022 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
Association of Young Researchers, Bor.

These proceedings include 85 papers from the authors coming from the universities, research
institutes and industries in 6 countries: Bulgaria, Italia, Albania, Bosnia and Herzegovina,
Montenegro and Serbia.

As a part of this year's conference, the 4™ Student section — EcoTERS 22 is being held. We
appreciate the contribution of the students and their mentors who have also participated in
the Conference.

Financial assistance provided by the Ministry of Education, Science and Technological
Development of the Republic of Serbia is gratefully acknowledged by the Organizing
Committee of the EcoTER 22 conference.

The support of the Platinum donor and their willingness and ability to cooperate have been of
great importance for the success of EcoTER’22. The Organizing Committee would like to
extend their appreciation and gratitude to the Platinum donor of the Conference for their
donation and support.

We appreciate the effort of all the authors who have contributed to these Proceedings. We
would also like to express our gratitude to the members of the scientific and organizing
committees, reviewers, speakers, chairpersons and all the Conference participants for their
support to EcoTER’22. Sincere thanks go to all the people who have contributed to the
successful organization of EcoTER 22.

Prof. Snezana Serbula,

President of the Organizing Committee
Xiii
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Abstract

Biomonitoring abilities of elder (Sambucus nigra) were used in the examination of environmental
pollution of the traffic zone in the vicinity of the Bor city (Eastern Serbia). The concentrations of the
examined elements in the root zone soil and leaves of elder were determined by the simultaneous dual
view inductively coupled plasma atomic emission spectrometer (ICP-AES) after the sample microwave
digestion. The obtained results were compared with the biomonitoring data related to the background
(not polluted) and urban-industrial (extremely polluted) zones. The results indicated the pollution of
the roadside soil with the traffic pollution markers such as Cu, Zn, Pb, As and Cd, which pose the
ecological risk due to the surrounding farmland ecosystems. The leaves content of Al, Fe and Zn could
not be connected to the traffic, while the traffic emissions contributed to the Cu, Pb and As contents in
the elder leaves. The differences (D) between the concentrations of the elements of the washed and
unwashed elder leaves indicated the presence of the airborne particulate matter rich in Cu, Pb and As
in the examined roadside environment. The pollution emitted from the traffic had far less impact on
the quantities of toxic elements in the soil and vegetation samples compared to the pollution from the
copper production processes.

Keywords: elder, biomonitoring, traffic pollution markers, environmental pollution

INTRODUCTION

Pollution related to the road traffic usually originates from combustion of fuel and oil,
corrosion of metallic parts, tailpipe exhaust, tire wear, lubricants, brake wear and particle
resuspension from the road surface (road abrasion). Brake wear emissions have been
identified to contain significant amounts of Cu, Fe, Ba, Sb and Mn, while Cd, Pb and Zn are
used in tire manufacture. Some metals, typically known as geogenics, such as Ca, K, Mg, Al,
Fe and Mn, have been identified to be correlated with traffic markers [1]. Aksu [2] mentioned
that the main source of Cu is diesel engines and unleaded gasoline, while Zn is used in
lubricating oil. The distance from transport routes and traffic load intensity could influence
certain content of the toxic elements in the roadside vegetation and soil [3]. Roadside planting
at the particulate matter immission hotspots can substantially and quickly improve the urban
air quality and reduce human exposure to it. It was proven that elder had very high
capabilities for capture of the airborne ultrafine particles (70.5%) [4].

The aim of this study was to apply biomonitoring abilities of Sambucus nigra (elder) [5] in
the examination of the roadside environmental pollution in the vicinity of the Bor city.
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MATERIALS AND METHODS

Naturally distributed elder (Sambucu nigra) and soil from the root zone of the plant were
chosen for the purpose of the roadside pollution bimonitoring. The samples of soil and leaves
were collected from the background zone without the impact of anthropogenic pollution. The
traffic zone was situated along the road of the IB order (Bor-Seliste), at the distance which
was without the impact of pollution from the mining and metallurgical facilities. The urban-
industrial zone was under the pollution emitted from the copper smelter, tailings ponds, city
heating plant and the traffic. The root zone soil (10-20 cm depth) of three to five elder plants
were sampled after the removal of surface layer of humus, at each sampling site. The samples
of leaves were collected at 1.5 to 2 m height above the ground from the outer branches of
canopy, in the period from September to mid-October. One half of foliar samples was retained
as an unwashed sample (UL), while the other half was thoroughly washed (WL) with running
distilled water for about 1 min at room temperature. After air drying at room temperature, the
samples were ground to a fine powder and stored at room temperature until analysis. The
digestion [6] and chemical analysis of the extracts (simultaneous dual view inductively
coupled plasma atomic emission spectrometer, ICP-AES) were determined at the Institute of
Mining and Metallurgy Bor (Serbia). The values of Enrichment factor (EF) were calculated
by dividing the concentration of a certain element in the sample from the polluted zone by the
concentration of the same element in the sample from the background zone. The values of
EF>2 indicated environmental pollution [7].

RESULTS AND DISCUSSION
Soil
The concentrations of the studied elements in the soil samples depending on the zones

were established in the increasing order as follows: background<traffic<urban-industrial
(Table 1). The exception was Al with the maximum content in the soil from the traffic zone.

The enrichment of soil with Cu, Zn, Pb, As and Cd was noticed for the samples from the
traffic and urban-industrial zones, with the higher EFs for the samples from the urban-
industrial zone. Except the soil from the traffic and industrial zones, the Maximum limit value
(MLYV) for Cu [8] was exceeded in the soil from the background zone, which was probably
the impact of the natural soil composition. The values of MLV for Zn, Pb and Cd were
exceeded in the soil from the traffic and urban-industrial zones. The concentration of As in
the soil from the urban-industrial zone was also higher than the MLV, while the concentration
of As in the soil from the traffic zone was close to the MLV. The noted exceedances indicated
that the level of contamination could disturb ecological balance, impose additional
examinations of the soil, as well as limitations in soil usage [8], which is of high importance
for the landowners engaged in the agricultural production in the studied area. The
Remediation values (RV) for Cu, Zn, Pb, As and Cd [8] were not exceeded in the soil from
the traffic zone, but only for the given elements in the urban-industrial zone. From the
obtained results it could be noted that the pollution of the roadside soil with Cu, Zn, Pb, As
and Cd existed and must not be ignored because of the surrounding farmland ecosystems.
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Table 1 Content (mg/kg d.w.) and the values of the Enrichment factor (EF) of the studied elements in
the soil samples from the industrial, traffic, and background zones

2Al Fe Cu Zn Pb As Cd
Urban-industrial ~ 4.59 4.94 9435.06 1836.89 1021.20 1141.29 19.83
Traffic 5.27 4.67 816.58 209.64 9451 2867  1.96
Background 3.39 2.44 39.42 8422 2270  7.39 <0.3°
EFindustrial 1.36 2.03 239.37 2181 4499 15450 >66.1°
EFyqaic 1.56 1.91 2072  2.49 4.16 3.88 >6.53°
MLV /f /f 36 140 85 29 0.8
RV /f /f 190 720 530 55 12

& The content of element is expressed in %.

® The lower limit of determination for Cd.

¢ Values with the sign > are obtained by dividing the concentration of a certain element in the soil from
a certain zone with the corresponding concentration of the element from the background zone which was
below the lower limit of determination.

¢ MLV-maximum limit value according to the Serbian Regulation [8].

® RV-remediation value according to the Serbian Regulation [8].
"not defined.

Plant material

The lowest Al concentrations were detected in the unwashed and washed elder leaves from
the traffic zone, while the highest Al contents were detected in the leaves from the urban-
industrial zone (Figure 1a). The calculated D values indicated the highest Al washable content
for the leaves from the urban-industrial zone, while the D values for the leaves from the
background and traffic zones were similar. According to the presented results, including the
EFs (Table 2), it could be said that the Al contents in the leaves from the traffic zone could
not be related with the emissions from road traffic.

The Fe concentrations in the washed and unwashed elder leaves from the background and
traffic zones did not differ much, while the elder leaves from the urban-industrial zone stood
out with the highest Fe contents (Figure 1b). It could be noticed that the D value was lowest
for the samples from the background zone, and the highest for the samples from the urban-
industrial zone. The Fe contents in the washed elder leaves from the background and traffic
zones were not above the Fe excessive content for the leaves of woody plants (500 pg/g) [9],
which cannot be said for the contents of the washed leaves from the urban-industrial zone.
The enrichment of the elder leaves from the traffic zone was not noticed according to the EFs
(Table 2), while the leaves from the urban-industrial zone were enriched with Fe.

The Cu contents in the elder leaves from the background and traffic zones were far below
the Cu contents in the leaves from the urban-industrial zone (Figure 1c). The D value for the
leaves from the traffic zone existed, but it was much lower than for the leaves from the urban-
industrial zone. The critical Cu concentrations for the leaves of woody plants (20 pg/g) [9,10]
were not exceeded in the washed leaves from the background and traffic zones. The Cu
concentrations in the washed leaves from the urban-industrial zone were about 10 times the
critical Cu value.
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Figure 1 Concentrations of @) Al, b) Cu, c) Fe, d) Zn, e) Pb, f) As and g) Cd in unwashed (UL)
and washed (WL) elder leaves from the background, traffic and urban-industrial zones.
The D-difference (ug/g) of a certain element concentration between the unwashed and washed
leaves

The values of EF were >2 for Cu in all the leaf samples, except for Cu in the washed leaves
from the traffic zone (Table 2). This indicated that the traffic emissions contributed to some
extent on the Cu content of particles deposited on the surfaces of the elder leaves which were
sampled in the traffic zone.
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Table 2 The values of Enrichment factor of the analyzed elements in the washed and unwashed elder
leaves from the traffic and urban-industrial zones

Washed leaves Unwashed leaves
traffic urban-industrial traffic urban-industrial
Al 0.60 1.08 0.79 1.86
Fe 0.86 3.38 1.28 6.56
Cu 1.60 29.89 2.90 75.01
Zn 0.68 3.14 0.80 5.39
Pb 2.21 46.58 2.98 72.90
As >1.23° >30.38° >4,072 >41.94%
cd /° >1.08° /° >1.45°

% Values with the sign “>” are obtained by dividing the concentration of a certain element in the
leaves from a certain zone with the corresponding lower limit of determination of the element in the
leaves from the background zone.

® The concentrations of the analyzed elements in the leaves from a certain and background zone

were below the lower limit of determination.
The values in bold are >2.

The Zn concentrations, D values and the values of EF for the elder leaves (Figure 1d,
Table 2) indicated that emissions from the traffic did not cause chemical disturbance of the
roadside environment with this element. The influence of the copper smelter on the Zn
content in the leaves was significant, which could be seen from Figure 1d and Table 2. The
concentrations of Zn in the washed elder leaves from the background and traffic zones were
not above the excessive concentrations (>50-100 pg/g) [9], while the Zn content in the leaves
from the urban-industrial zone was in the given range.

The Pb concentrations of the elder leaves, as well as the D values, followed the same
increasing order depending on the sampling zone: background<traffic<urban-industrial
(Figure 1e). It is significant to emphasize that the EF>2 (Table 2) indicated the enrichment of
the leaves from the traffic zone with Pb, which is one of the main indicators of the pollution
emitted from the traffic. Nevertheless, the obtained results showed the incomparable influence
of the copper production processes on the Pb environmental content of the urban-industrial
zone. The excessive Pb concentrations for the leaves of higher plants (30 pg/g) [9] were not
exceeded in the washed leaves from the background and traffic zones, which could not be
noted for the samples from the urban-industrial zone.

The As concentrations in the leaves from the background zone were below the LOD, and
were not presented in the Figure 1f. The As concentrations of the elder washed and unwashed
leaves, as well as the D values for the samples from the traffic zone, were far below the As
concentrations and the D values for the leaves from the urban-industrial zone. However, the D
value for the leaves from the traffic and urban-industrial zones indicated the presence of this
carcinogenic element in the atmospheric deposition of the examined environments. These
results were supported by the values of EF for As in the unwashed leaves from the traffic
zone which were >2. The highest concentration that plants can tolerate in their tissues of
2 ng/g [11] and the toxicity limit value of 20 pg/g [12] were not exceeded in the washed
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leaves from the background and traffic zones, which cannot be observed for the leaves from
the urban-industrial zone.

The Cd concentrations in the leaves from the background and traffic zones were below the
LOD, and were not presented in Figure 1 g, so environmental enrichment with Cd in the
traffic zone cannot be assessed. The excessive concentrations defined for the leaves of higher
plants 1-3 pg/g [9] were observed only in the washed leaves from the urban-industrial zone.

CONCLUSION

The examined root zone roadside soil was polluted with Cu, Zn, Pb, As and Cd, which
could lead to the contamination of soil-crop system due to the agricultural activities in the
surrounding of the sampling sites. According to the obtained concentrations, the values of EF,
and D values for Al, Fe and Zn in the elder leaves it can be concluded that the traffic
emissions in the study area did not contribute to the environmental enrichment with these
elements. The Cu, Pb and As concentrations in the elder leaves, as well as the washable
quantities of these elements, indicated the presence of airborne particulate matter rich in Cu,
Pb and As, in the examined roadside environment.
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