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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
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Abstract

Encapsulation strategy has emerged as a mean to protect sensitive cells, enzymes and bioactive
compounds, to improve their stability and to deliver their active forms to the targeted place. A number
of bio entities can be encapsulated — cells, enzymes, vitamins, minerals, aromas and antioxidants.
Over the years various encapsulation technologies were employed in encapsulation of bioactive
compounds. A short overview of commonly used technologies for the encapsulation of cells, enzymes
and bioactive substances will be presented. Applications of encapsulation, include, enzymes as
biocatalysts, pre-and pro-bacteria, as well as targeted drug delivery. It is also emerging in the
agricultural sector, particular in seeds, as well as in the development of more environmentally friendly
bio pesticides Encapsulation, therefore, offers a unique tool for resolving a variety of problems in
sectors as diverse as food, nutrition, agriculture and water treatment.

Keywords: dispersion techniques, electrostatic extrusion, cell, encapsulation technology.

INTRODUCTION

Many biological systems, in their natural state, are immobilized. Furthermore, the majority
of functions of living systems are based on the confinement of reactions in a limited space. In
such models, the membrane insures the protection of the internal, bioactive, substance. The
concept of immobilization is based on a natural, and effective, analogy, and is applied both in
products and processes. Immobilised systems were widely investigated and used in different
fields such as pharmacy, biomedicine, food and environmental technologies. Immobilised cell
technology is successfully established at the industrial scale in wastewater treatment and
production of biopharmaceuticals and fermented beverages. Cell immobilisation provides
several advantages over the conventional free cell systems including higher cell
concentrations, higher volumetric productivities, cell protection required for shear sensitive
cells, and easy separation of cells and products. In addition, immobilised cell systems can be
operated in continuous mode at higher dilution rates without the risk of cell washout.
Especially attractive are the options for co-immobilisation of different cell types for the
simultaneous implementation of consecutive reactions. Selections of immobilisation methods
are function of active substance and material used in this process. In that respect, various
actives isolates from natural sources can be employed, such as plant polyphenols, probiotic
bacteria, omega-3-fatty acids, vitamins, minerals [1,2]. These compounds usually face the
problem of low stability against the light, moisture, changes of pH or temperature; all this

negatively affects the biological activity of bioactive compounds, and in long term lowers
1
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their bioavailability and reduce the shelf-life of products. To overcome these limitations,
encapsulation technology implies the entrapment of bioactive substances within the bead or
capsule — e.g. polymeric carrier material, where the particles of desired diameters are
produced therefore protecting interior of the microcapsule [3]. Among different encapsulation
technologies we will focus on short overview of electrostatic encapsulation technology.

MATERIALS AND METHODS

Solution of 1.5% sodium alginate was prepared by dissolving sodium alginate powder
(Keltone LV, Kelco, Chicago, IL, USA) in WFI water. Spherical droplets were formed by a
syringe pump using electrostatic droplet generator which extruded the alginate solution with
cells through a 26 gauge blunt end needle. As the liquid was forced out of the end of the
needle, droplets were pulled off by the action of gravitational and electrostatic forces forming
gelled beads with diameter of 200-400 microns in CaCl, solution. Droplet formation under
the influence of electrostatic forces was examined with a video/image analysis system (Jandel
Scientific, CA, USA) under strobe light.
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Figure 1 Schematic diagram of experimental set-up

| 4
srobeght‘

N

o)

[

RESULTS AND DISCUSSION

In the absence of an electrostatic field with gravitational force acting alone, the mean bead
diameter was about 2500 microns at a constant alginate flow rate using a 26 gauge needle. In
this case, a droplet was produced every 1 to 2 s. Each drop grew at the tip of the needle until
its weight overcame the net vertical component of the surface tension force (Figure 2a).
Examination of the formation of droplets under the influence of electrostatic forces revealed
that an elongated cone formed as the droplet meniscus advanced (Figure 2b). The forming

2
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droplet was drawn out into a long, slender filament (4—7 kV). A high charge density at the tip
of the inverted cone reduced the surface tension of the alginate solution resulting in neck
formation (Figure 2c) where the neck elongated further before detachment [4]. While the
main part of the liquid neck quickly coalesced into a new drop, the long linking filament
broke up into a large number of smaller drops (Figure 3d). It was also observed that small
(satellite) droplet formation usually accompanied higher voltages (above 7 kV), because the
elongation of the liquid neck rupture was much more pronounced [5].

b)

Figure 2 Image analysis of polymer behavior sequences under influence of electric field phenomena

Formation of droplets with a charged needle arrangement in a defined electric field was
examined. As the voltage applied to the needle (through which the semiconducting alginate
solution flowed) increased from 4 to 7 kV, a rise in droplet emission frequency and a
reduction in droplet diameter from 1000 microns to 150 microns was observed. The minimum
diameter that could be obtained in this electric field range is often called the dripping mode
with the average bead diameter of 200 microns and applied potential of 4.5 KV (Figure 3a).
As the voltage increased beyond a certain point (i.e. critical voltage) a sudden transition from
dripping mode to the high frequency spraying mode was observed [6]. The size distribution
curves ,obtained by plotting relative frequencies versus bead diameter, typically resulted in a
continuous function symmetrical about the mean value. At 6 kV, the mean bead distribution
was found to vary about the mean of 150 microns (Figure 3b). The microbeads produced with
the electrostatic droplet generator operating with an applied voltage of 6 kV appearing as
regular spheres with unimodal distribution [7]. At 7 kV, for example, the main drop develops
into a cone with a fine stable stream of droplets issuing from the needle tip, due to the high

3



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

applied electrostatic force (Figure 3c) resulting in bimodal distribution ranging from 50 to 200
microns [8]. However the bimodal results are not favorable since the cell growth in different
particle diameters are not the same neither the repeatability of process [9]. The proper choice
of geometric parameters allows to avoid the formation of the undesirable satellite fraction of
the very small microbeads.
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Figure 3 Diagram of droplet diameter (d, micron) as a function of electric potential U (kV), and the

needle diameter [4]

In the case of the positively charged needle setup, the effect of electrode spacing on
alginate bead size, produced with a 22-gauge needle, is shown in Figure 4A. The electrode
spacing was not found to be significant over the range investigated. For example, at an
applied voltage of 6 kV, the mean bead size decreased from 530 to 450 microns, as the
electrode spacing decreased from 4.8 to 2.5 cm, respectively, with a standard deviation of
approximately 100 microns. When the applied voltage to the alginate solution was increased
to 12 kV, at a distance between the needle tip and collecting solution of 4.8 cm, the average
bead diameter decreased to 340 microns. Keeping the applied potential constant at 12 kV, but
reducing the electrode distance to 2.5 cm, resulted in only a slightly smaller bead size. The
relationship between the applied voltage, alginate concentration, and droplet diameter was
also investigated (Figures 4B and 4C). When the alginate concentration was decreased from
1.5 to 0.8% the average bead diameter decreased from 10 to 20%. The standard deviation also
decreased at the lower polymer concentration due to a more uniform bead size distribution.
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For example, at an applied voltage of 5 kV, the mean bead diameter decreased from 440 to
380 microns with standard deviations of 200 and 80 microns for microbeads prepared with
alginate concentrations of 1.5 and 0.8%, respectively.

While the alginate concentration was not found to be significant, bead diameter could be
readily controlled by needle size and applied voltage (Figures 4B and 4C). For example, at an
applied voltage of 4 kV, the mean bead diameter was reduced by a factor of 3 from
approximately 1,700 to 600 pm when the needle size was reduced from 22 to 26 gauge. In the
case of the 26-gauge needle, as the voltage increased above 6 kV resulted in formation of
microbeads with bimodal size distribution with the large fraction of 50 microns in diameter
which was not favorable as described previously [9].
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To assess the effect of an electrostatic field on cell viability, an insect cells suspension was
extruded using the electrostatic droplet generator. No detectable change in cell viability was
observed after extrusion. The initial cell density, 4-10° cell/mL remained essentially
unchanged at 3.85-10° and 3.78-10° immediately after passing through the generator needle at
applied potential difference of 6 and 8 kV, respectively. Prolonged cultivation of these cells
did not show any loss of cell density and viability.

CONCLUSION

The formation of droplets with a charged needle arrangement in a defined electric field was
examined. Reducing the electrode distance and increasing the applied voltage resulted in
smaller beads, suggesting a strong influence of distance and applied potential on bead
diameter. Further reduction in bead size was achieved by decreasing the needle size. Electrode
spacing between the electrodes was important parameter for bead size with the positively
charged needle arrangement. The microbeads produced with the electrostatic droplet
generator operating optimally with an applied voltage of 6 kV were 150+20 microns in
diameter, appearing as regular spheres of a uniform size. Electrostatic extrusion is an effective
technique for producing micro beds of desired size. Finally, there was no detectable loss in
viability after passing different types of cells through the electrostatic droplet generator. This
is a promising result as it proves the technique amenable for cell immobilization. The liquid
droplet electrostatic formation technique provides preparation of core/shell microbeads, where
all the cells are immobilized deeply inside the matrix and no cell protrusion out of the
bed/capsule occurs. Applied electric field is safe for the encapsulated cells and does not cause
any cell dysfunctions. It is easy to use, fully controlled and reproducible technique.

Electrostatic droplet formation utilizes a special type of physical process taking advantage
of electrostatic effects occurring in flowing conductive liquids after introduction of an electric
field. When an electrostatic field is applied to the metal needle and an electric charge is
induced in the liquid flowing out of the needle, the size of droplet detaching from the needle
tip decreases as a function of applied electrostatic field. It has been shown that few parameters
affect microbeads size: applied voltage, electrode geometry, needle size, polarity arrangement
and polymer concentration. The electrostatic droplet formation is one of the most precise
methods, which enables one to produce spherical and uniform particles ranging from 100 up
to 1000 microns [10].

Low efficiency of electrostatic process can be significantly improved by multiplication of
the nozzles, without any loss of the microbeads quality. The electrostatic technique using an
impulse voltage droplet generator seems to be a simple and very useful method of cells
encapsulation.

The development of potential industrial applications requires considering the optimization
of these processes in terms of costs and environmental impacts. Both aspects are closely
related because an environmental-friendly technology is generally more efficient and less
costly at medium and long term.
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Abstract

In the light of waste management and sustainable synthesis, chemically modified and oxidized
cellulose nanofibers (TCN), after iron ion adsorption from aqueous solution, was thermally treated at
500°C, 600°C and 750°C under inert atmosphere to generate hybrid inorganic-carbonaceous
nanohybrids, named TCN@Fe 500°C, TCN@Fe 600°C and TCN@Fe 750°C, respectively. These
nanocomposites were characterized by X-ray and electron diffraction (XRD and ED), Raman
spectroscopy, scanning and transmission electron microscopy (SEM and TEM) and Energy Dispersive
Spectroscopy (EDS). All of these samples showed hybrid structure with mixed iron oxide (hematite
and magnetite) particles dispersed in the amorphous carbon matrix. However, with increasing
temperature, both the inorganic and carbon phase shows substantial changes, especially in
hematite/magnetite ratio in the inorganic phase and crystallinity as well as chemical composition
(oxygen/carbon ratio) of the carbonaceous phase. Also, with temperature, the dispersion of the iron
oxide nanoparticle in the carbonaceous matrix becomes uniform whereas HRTEM analysis of the
sample TCN@Fe 750°C shows the average diameter of the iron oxide nanoparticle to be of 6.26 nm,
making this material a true inorganic-carbonaceous nanohybrid with possibility of various
applications, mainly as an electrode material for supercapacitor application.

Keywords: inorganic-carbonaceous hybrid material, cellulose nanofiber, iron oxide
nanoparticle, amorphous carbon matrix, electron microscopy.

INTRODUCTION

In the mission of mitigation of environmental damage as well as solving the increasing
global demand of renewable energy, advanced functional carbon materials, obtained from
renewable sources, like biomass, has drawn enormous attention not only because of their rich
chemistry and interesting surface properties [1], which makes them susceptible towards
further modification and functionalization, opening up the possibility of anchoring other
functional systems, thus leading to a multifunctional hybrid material, targeted to various
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energy and environment-related applications [2]. Ever-increasing demand for environment-
friendly, high-performance and renewable energy storage devices gave rise to
supercapacitors, which is an electrical energy storage device with high specific capacitance,
long life cycle and high-power density [3]. It can store energy either through formation of an
electrical double layer (mainly in case of electrodes based on carbon nanostructures) [4] or
through redox reactions taking place on the surface of the electrode (electrodes based on
transition metal oxides) [5]. Asymmetric or hybrid supercapacitor can be prepared by
combining biomass-derived carbon material with transition metal oxide nanostructures, where
the charge can be stored both by Faradaic (redox reactions) and non-Faradaic processes
(electrochemical double layer formation) showing a better capacitance as well as improved
charge-discharge process [6]. For example, Glucose or other cellulose-rich biomass-derived
carbon material, after Fe3O4 nanoparticle loading, showed enhanced specific capacitance [7].
Cellulose is certainly among the most abundant naturally occurring polymers in the planet,
extracted from natural sources like plants and have variable applications [8]. It is possible to
obtain nanocellulose fibres from cellulose and possible to apply adequate surface
functionalization so that the resultant material can be a very good adsorbent of metal ions
from their aqueous solutions [9]. After the completion of such an adsorption process, the
precipitate (metal ion adsorbed onto functionalized nanocellulose fibers) can be filtered and it
can be submitted to heat treatment in a tubular furnace under different atmosphere varying
temperature and time of the thermal treatments [10]. Therefore, in the current work,
a-cellulose had been treated chemically in order to generate oxidized cellulose nanofibers, it
was allowed to adsorb high quantity of iron from aqueous solution, and then washed and dried
in order to generate iron loaded oxidized cellulose nanofibers. Then heat treatment was
applied to this metal-carbon precursor in a tubular furnace under argon atmosphere, varying
the temperature. After the calcination, resultant hybrid materials (metal/metal oxide
nanoparticle embedded in a carbonaceous matrix) were characterized through X-ray and
electron diffraction (XRD and ED) to identify the phases, Raman spectroscopy to understand
the electronic structure, scanning and transmission electron microscopy (SEM and TEM) to
understand the morphology and Energy Dispersive Spectroscopy (EDS) for elemental
analysis. These materials can be a good candidate for supercapacitor application as it contains
nanoparticles of metal/metal oxides of varying composition and stoichiometry, in a porous
carbon matrix, thereby allowing both Faradaic and non-Faradaic processes in the
electrochemical evaluation.

MATERIALS AND METHODS
Synthesis of hybrid inorganic-carbon material

All the chemicals were purchased from Sigma-aldrich. To prepare the functionalized
cellulose nanofiber (TCN), 1 g of a-cellulose is added to 100 mL of deionized water, along
with 100 mg of NaBr, 6.1 mL of NaClO and 16 mg of N-oxyl-2,2,6,6- tetramethylpiperidine
(TEMPO) as catalyst in a beaker and stirred for 150 min maintaining the pH at 10, followed
by washing and centrifuging. 1 g of TCN is suspended in 100 mL of FeSO, solution in an
Erlenmeyer flask and stirred for 120 min. TCN has a high capacity of iron adsorption
(eq=5677 mg/g at room temperature) and the resultant material, named TCN@Fe is washed
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and centrifuged. TCN@Fe was submitted to heat treatment in a tubular furnace under inert
atmosphere (argon, 100 sccm) at temperatures 500°C, 600°C and 750°C for 2 hours in order to
generate samples named as TCN@Fe 500°C, TCN@Fe 600°C and TCN@Fe 750°C
respectively.

Characterization of materials

PXRD was done by a Bruker D8 Discover (Cu source, Ni filter, Lynxeye detector) in the
20 range of 5° to 95° 0.02° step size. The Rietveld refinement method was performed by
Topas 5.0 program. Raman spectra were recorded by Xplora Horiba, with 532 nm laser, in the
range of 200-4000 cm™ and gratings of 1200 and 1800 grooves mm™. The laser was focused
with a 100x magnification objective lens. The SEM images were obtained using a SCIOS 2,
the samples were fixed on copper tape attached to aluminium sample holders. For elemental
mapping, energy dispersive X-ray spectroscopy (EDS) was recorded using X-ray detector and
Pathfinder software version 2.11. TEM images were obtained with a JEOL 2100F
microscope, the samples were dispersed in isopropyl alcohol and drop-casted onto carbon
coated 400 mesh copper grids.

RESULTS AND DISCUSSION

Figures 1 (a—c) show the XRD patterns of the pyrolyzed TCN@Fe samples and Table 1
displays the Rietveld refinement results. The inorganic, crystalline phase of iron oxide
presented hematite (Fe,O3) and magnetite (Fe3O,4) crystalline phases that were fitted using
ICSD (Inorganic Crystal Structure Database) CIF # 82902 and 85806, respectively. It can be
noted that there is a modification in the hematite/magnetite composition that varies with the
pyrolysis temperature, ensuring the presence of both Fe*? and Fe*® ions. Both hematite and
magnetite phases had mean crystallite sizes that increased with temperature raising that is
expected due to a sintering process. Also, the samples pyrolyzed at relatively higher
temperature (TCN@Fe 750°C, Figure 1c) showed presence of amorphous material detected
by a large halo from 20 = 5° to 15° and a very broad one over the other 20 range. This
amorphous material is probably the partially graphitized carbonaceous phase, named as
turbostatic carbon [11]. To understand better the nature of the carbonaceous phase of the
sample TCN@Fe 750°C, spatial Raman spectroscopy was performed. A representative optical
microscopic image of the sample (inset of Figure 1d) shows a clear color contrast: the black
part is mainly due to the carbonaceous part, the reddish hue is due to the inorganic hematite
phase, found from XRD measurements. Raman measurements were done intentionally on
these two spots of separate color contrast (the black part, marked with a white circle and the
red part, marked with a yellow circle) and are shown in Figures 1d and le respectively. The
carbonaceous phase (Figure 1d) shows characteristic first order (one-phonon process) and
second order (two phonon process) Raman bands in the range of 2004000 cm™ [12]. The
first order region (1000-2000 cm™) can be deconvoluted using a mixed Lorentzian-Gaussian
function (Voigt) in six bands centered around 1170 cm™, 1271 cm™, 1334 cm™, 1471 cm™,
1575 cm™ and 1611 cm™, which can be designated as D", Al, D, A2, G and D" bands
respectively. The D”", D, G and D" are related to graphitic carbon, whereas Al and A2 are
two broad peaks relating to the amorphous carbon present [13]. In the second order region,
the peaks around 2449 cm™, 2682 cm™, 2922 cm™ and 3213 cm™ can be designated as D+D"",
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2D, D+G and 2D bands respectively of graphitic carbon. The typical spectra of inorganic
phase, obtained in the range of 250-2800 cm™, shown in the Figure 1e. The principal peaks
were registered at around 284 cm™, 403 cm™, 494 cm™, 604 cm™, 655 cm™, 804 cm™, 1033
cm™?, 1086 cm™ and 1309 cm™. The bands centered around 494 cm™ can be assigned to the
A1, mode and the bands centered around 284, 403 and 604 cm™ can be assigned as the Eg
modes of the hematite phase [14]. Raman spectra were collected from other parts of the
sample in the range of 200-1700 cm™, where all the signature Raman bands corresponding to
the iron oxide phase as well as the first order spectra of carbonaceous phase can be seen,
although the relative intensity of bands originated from carbonaceous and inorganic phases
may differ depending on the composition of the carbonaceous/inorganic phase in that spatial
location. Such a typical spectra is shown in Figure 1f), which gives an idea of the hybrid
nature of the sample.
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Table 1 Crystalline phases, mean crystallite size obtained by the Rietveld refinement of PXRD data
and elemental analysis from EDS data

Sample % phase Crystallite size (nm) Elemental composition
P Hematite Magnetite  Hematite = Magnetite C (At%) O (At%) Fe (At%)
TCN@Fe-500 84.5 15.5 244 44 62.46 27.38 9.35
TCN@Fe-600 71.2 28.8 98 12 65.33 26.44 7.35
TCN@Fe-750 90.2 9.8 159 36 82.84 11.70 4.71
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To look into the morphological features of these samples SEM was performed and are
illustrated in Figure 2.

Figure 2 oion (1000) SEM ofa) TC 50°; b) TCN@Fe 600°C;
¢) TCN@Fe 750°C; high-magnification (120000x) SEM micrograph of d) TCN@Fe 500°C;
e) TCN@Fe 600°C; f) TCN@Fe 750°C; g) TEM; h) HRTEM of TCN@Fe 750°C

All the samples show the fibrous morphology of the carbonaceous matrix, corroborating
with the precursor material as cellulose nanofibers. The inorganic phase, iron oxide particles,
are distributed over the whole carbonaceous matrix. However, with increasing pyrolysis
temperature, the aggregation of the particles decreases and the dispersity increases. For
example, the sample TCN@Fe 750°C shows a very uniform distribution of iron oxide
nanoparticle with the diameter of most the spherical nanoparticle ranging from 3-8 nm, with
some larger nanoparticles, with diameter 10-20 nm. Elemental analysis was performed by
EDS and was presented in the Table 1. It showed that with increasing the pyrolysis
temperature, the % C content increases and the % O attributing to the fact that with higher
temperature, more oxygen functional groups are volatilized from the cellulose structure,
exposing more the carbon skeleton. Also, the % Fe content decreased with increasing the
temperature because of a more uniform distribution of these nanoparticles in the carbon
matrix as seen from the SEM images. TEM was performed with the sample TCN@Fe-750°C,
TEM and shown in Figure 2g. A diameter distribution of almost 60 nanoparticles were done
on this sample, which revealed the average diameter of these nanoparticles is 6.26 nm. High
resolution TEM was performed in the selected region with some nanoparticles in the matrix
and shown in the Figure 2h. The lattice planes were clearly observed in the nanoparticles,
whereas, even with higher resolution, the matrix carbonaceous phase continued to be seen as
amorphous, corroborating with the turbostatic nature of the carbon matrix found in XRD
results. The interplanar distance between the crystal planes were measured and shown in the

figure, as consecutive pair of parallel straight lines of white and yellow color. The
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nanoparticles, #1 and 2 showed interplanar distance of around 0.37 nm (shown as white pair
of parallel lines), which can be designated as the (012) plane whereas nanoparticle #3, shows
interplanar distance of around 0.27 nm (shown as yellow pair of parallel lines), which can be
designated as (104) plane of hematite lattice calculated from Bragg's law [15]. This data
corroborates with XRD data presented before. The inset (above) of the Figure 2h shows a
selected area electron diffraction (SAED) pattern of the region with inorganic nanoparticles,
which showed distinct polycrystalline nature of this phase, whereas, the inset (below) shows
the SAED pattern of the region with matrix, without nanoparticles, which clearly shows an
amorphous nature.

CONCLUSION

In this work, iron-adsorbed chemically oxidized nanocellulose fibres were pyrolyzed in
different temperatures under argon atmosphere to generate iron oxide-carbon nanocomposites
and characterized. XRD recognized crystalline inorganic phase is composed of hematite and
magnetite phase, and an amorphous carbonaceous phase. Raman spectra shows signature of
the hematite phase as well as turbostatic carbon. Microscopy revealed the sheet like
morphology of the carbonaceous phase with hematite nanoparticles with a mean diameter of
6.26 nm distributed in the matrix. The synthesis scheme described in this work has
successfully integrated more than one application related to the environment and energy with
the possibility of changing reaction parameters in order to bring in subtle changes in the
carbon skeleton, as well as structure and electronic behaviours of the inorganic phases.
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Abstract

Air pollution is one of the leading causes of noncommunicable disease globally [1], and in Europe
[2]. The London Smog of 1952 [3] was a major wake-up call, but European legislation as we know it
today started to develop only in the late 1950°’s [4] with the recognition of acid rain and the
transboundary pollution contributing to it. European legislation developed in collaboration with the
UN ECE Convention on Long Range Transboundary Air Pollution (CLRTAP) of 1977 [5]. The
approach to air pollution is three-prongued [6]: through limiting emissions to air on national and
source level, by setting limit values for air pollutants, and through product regulations (such as, eco-
stoves). This approach has been supported by knowledge base development: monitoring and
measurement systems and technologies are constantly developing, effects on man-related and natural
systems are better understood, and elaborate governance systems are put in place. This has been a
successful effort [7], even if at times, high pollution levels still occur — both due to man-mande and
natural causes. Emissions of most criteria pollutants decreased, as has the exposure of the European
population. Future developments in legislation will reflect the significant new knowledge on the nature
of air pollution, on health effects and on benefits of pollution-free environments [8,9]. This will lead to
lowering the limit values for air pollution. Recognizing the efforts on climate change mitigation, more
emphasis will likely be given to co-benefits of mitigation measures for air pollution and for climate,
and to the complex interrelations between the two issues.

Keywords: air emissions, air pollution, health, governance, mitigation.
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Abstract

The adsorptive and photocatalytic performance of the Serbian clinoptilolite-rich zeolitic tuff (ZT) is
reported. Mg®*, Pb®", Mn®", Ni?*, Cu?*", and Zn?* adsorption studies, as well as kinetics and
thermodynamics, were conducted by ZT under carefully controlled temperature, pH, grain size, and
solid/liquid weight ratio conditions. ZT has a good adsorption capacity for the metal cations under
study. By converting ZT to Fe-containing ZT (Fe-ZT and Fes0,-ZT), the ZT becomes effective at
eliminating phosphate and nitrate ions, which are typically found in surface and groundwater, as well
as the antibiotic ciprofloxacin, which is one of the most used antibiotics and is present in wastewater
as an organic micropollutant. It was also found that ZT exhibits photocatalytic activity in the
decomposition of common organic dyes such as methylene blue (MB). The photocatalytic activity was
ascribed to trace amounts of the Fe species as a minor satellite phase in the tuff. Sn-containing ZT
(Sn-ZT) also shows catalytic activity in the MB degradation. The ZT decomposes MB in an
eco-friendly manner at room temperature, atmospheric pressure, and visible light irradiation.

Keywords: zeolite, clinoptilolite, toxic metal cations, adsorption, photocatalysis.

INTRODUCTION

Zeolites are crystalline porous minerals with a three-dimensional lattice structure
composed of a network of corner-sharing tetrahedra, TO4 (T=Si, Al), which have Si and Al
atoms in the center of the tetrahedra. Because the crystal structure contains geometrically
precise structured channels and cages, only species of the appropriate size can diffuse through
the lattice. Zeolites can, therefore, be used in ion exchange, adsorption, separation procedures,
and molecular sieves. Zeolites can also be employed as heterogeneous catalysts by being
transformed into strong solid acids [1,2].

Clinoptilolite is the most prevalent kind of natural zeolite. With a pore diameter of up to
0.7 nm, eight- and ten-member ring channels show an open reticular structure readily
accessible [3,4]. Two channels (A and B) are parallel to the c-axis. The ten-membered rings in
the A channels have a tightly compressed aperture of 0.31 x 0.75 nm, while the
eight-membered rings in the B channels have an aperture of 0.36 x 0.46 nm. The C channels
comprise eight-membered rings parallel to the a-axis with an aperture of 0.28 x 0.47 nm.
Water molecules occupy extra-framework sites specific to crystallography, as do
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exchangeable alkali and alkali earth cations. Due to differences in the Si/Al ratio,
clinoptilolite samples from various regions have varying ion-exchange capacities.

We have studied the adsorption and photocatalytic properties of clinoptilolite from the
Slanci deposit in Serbia. The clinoptilolite's ability to exchange cations with different heavy
metal cations frequently present in wastewater and its ability to adsorb certain anions and
exhibit photocatalytic activity have all been thoroughly examined.

MATERIALS AND METHODS

Zeolitic tuff (ZT) from the Serbian deposit Slanci (Veliko selo, Belgrade) was used in
experiments. Clinoptilolite content determined by a semiquantitative X-ray diffraction
analysis (using the Rietveld refinement method Topas-Academic v.4) was 80 wt.%, feldspar —
16 wt.% and quartz — 4 wt.%. The cation exchange capacity (CEC), measured by standard
procedure [5] was 162 mmol M*/100 g. For all the experiments, the grain size was chosen in
the range 0.063-0.125 mm, for which preliminary tests proved that it is an optimal range for
experimental work and achieving high capacity [6,7]. Before the experiments, the samples
were sieved, washed with deionized water to remove impurities, and dried in an oven at
105°C overnight to a constant mass. All samples were converted into Na-rich form (Na-ZT)
by treatment with 2 mol dm™ of NaCl for 24 h at 70°C to achieve the best possible exchange
capacity.

Conversion of ZT into Fe-ZT, Fe304-ZT, and Sn-ZT

The ZT was converted into Fe-containing ZT (Fe-ZT) using a two-step procedure:
1) treatment of ZT with a water solution of Fe(NO3)s in an acetate buffer (pH=3.6) followed
by the addition of 0.1M NaOH until pH~7, and 2) heating of the product at 80°C until a
constant mass. The ZT was also converted to Fe;O,-ZT by alkaline co-precipitation of
FeCl3-6H,0 and FeSO, water solution in a molar ratio of 2:1, and to avoid the formation of
non-magnetic iron oxide particles, the synthesis was performed under N, atmosphere. The
obtained product was heated at 80°C until a constant mass. Conversion of ZT into Sn-ZT
included: 1) treatment of ZT with 1 mol dm 3 HCI at 100°C for 4 h followed by treatment
with 0.2 mol dm~ NH4OH at 65°C for 0.5 h to obtain H-form of clinoptilolite (H-ZT), and
2) treatment of H-ZT with the ethanolic solution of SnCl, (8.8 mmol dm®) and NH,OH
followed by calcination at 400°C for 2h.

Fe-ZT surface was examined by transmission electron microscopy (TEM) by using a
200-kV TEM microscope (JEM-2100 UHR, Jeol Inc., Tokyo, Japan) equipped with an ultra-
high-resolution, objective-lens pole-piece having a point-to-point resolution of 0.19 nm.
Electron diffraction patterns (EDPs) and TEM images were recorded by 2k charge-coupled
device camera using Digital Micrograph™ (Gatan Inc., USA) as a user interface. Elemental
compositions of samples were obtained by a Carl Zeiss SupraTM 3VP (Zeiss, Jena, Germany)
field-emission gun scanning electron microscope (FEG-SEM) equipped with an EDS detector
(Oxford Analysis) with the INCA Energy system for quantification of elements. The specific
surface area of samples was determined by the nitrogen sorption method using an automatic
sorption analyzer (Micrometrics ASAP 2020, Norcross, GA, USA).
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Adsorption studies of M(11) ions onto ZT

The M(II) sorption (M — Mg, Mn, Ni, Cu, Zn, Pb) was studied at 25-55°C. The
suspensions of Na-ZT and the chosen M(I1) solution (100-400 mg M dm®) were shaken at
about 100 rpm for 24 h in a thermostated water bath (Memmert WPE 45, Germany). M(II)
solutions were prepared by dissolving M(NOs3), (Fluka, p.a.) in deionized water. The M(II)
concentrations were measured by AAS (Varian SpectrAA 55B atomic absorption
spectrophotometer, SpectraLAb inc., Markham, ON, Canada).

Adsorption studies of nitrate, phosphate, and ciprofloxacin onto Fe-ZT and Fe;O4-ZT

Solutions of KNO5 and KH,PO, (1-6 mmol dm3) were used for nitrate and phosphate
adsorption. Adsorption of ciprofloxacin (CIP) was studied for the initial CIP concentrations
from 0.04 to 0.2 mmol dm 2. The adsorption experiments were carried out at pH~5, for which
CIP is present as a cation. KNO3, KH,PO,, and CIP (supplied by Aldrich) were dissolved in
deionized water. The concentration of adsorbates was measured using a UV-Vis spectrometer
(Lambda 365 spectrophotometer, Perkin Elmer Inc., Waltham, MA, USA).

All adsorption experiments were carried out by a batch method under controlled
conditions: the thermostated bath temperature was maintained constant to within + 0.1°C, the
zeolite samples were weighted to four-digit accuracy, and the solution concentrations were
determined with four-digit accuracy. All chemicals used were analytical-grade reagents. The
adsorbate concentration was measured in filtrate after solid/liquid separation.

The concentration of adsorbate on adsorbents was calculated using the using the following
formula:

Co—C;

t m

where Cy and C; are concentrations of the adsorbate in aqueous solution (mg dm>) before
and after the contact with ZT (Fe-ZT or Fe304-ZT), respectively; V is the solution volume in
dm?, and m is the mass of the ZT (Fe-ZT or Fes0,-ZT) in g.

Photocatalytic test

Photocatalytic tests were carried out using a batch reactor system equipped with a 50 cm?
Pyrex glass cell and a circulating water jacket to keep the temperature constant at 25°C during
the reaction (Figure 1).

Suspension contained water solution of MB (Co = 10 mg dm™®) and ZT or Sn-ZT in the
concentration of 0.2 g dm2 at different pH (pH = 3, 6, or 9), was continuously stirred by
magnetic stirrer for 30 min to achieve an adsorption/desorption equilibrium and then
irradiated for 300 min by using Osram Ultra Vitalux lamp/300 W, served as the visible light
source and positioned 10 cm above the photocatalytic reactor. The concentration of MB was
followed colorimetrically at A=664 nm by UV/VIS spectroscopy (Lambda 365
spectrophotometer, Perkin Elmer).
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Figure 1 The schematic presentation of the reactor system used in photocatalytic tests

RESULTS AND DISCUSSION

Conversion to Fe-ZT, Fe304-ZT, and Sn-ZT resulted in the production of novel phases that
covered the ZT surface. An EDS analysis revealed that there was a significant decrease in
exchangeable cation content for Fe-ZT, Fe3O4-ZT, and Sn-ZT when compared to ZT and that
the decrease in exchangeable cation content for Fe (as well as Sn) content was significantly
greater than that for ZT. This indicates that 1) an ion exchange reaction happened, and
2) precipitation of the Fe (or Sn species) at the ZT surface occurred during the conversion of
ZT to Fe-ZT/Fe304-ZT/Sn-ZT. The Fe content in Fe-ZT rose from 0.21 (ZT) to 18.1 wt.%,
Fe304-ZT from 0.40 (ZT) to 5.63 wt.%, while the Sn content was 14.9 wt.%. Figure 2 depicts
the Fe-ZT surface as a representative example of cover at the ZT surface.

P ol
- . Fe precipitate A\
) '(ambrphous)‘gz-, :

S

Figure 2 TEM image of Fe-ZT: bright-field image of clinoptilolite sheets coated with a precipitate
rich in Fe(ll1). The amorphous nature of the Fe(l11) precipitate is confirmed by its electron diffraction
pattern (EDP) in the upper right corner

Accumulation of the Fe- and Sn-containing precipitates increases the specific surface area
of ZT from 28.6 to 140.3 m? g* for Fe-ZT, to 45.2 m? g for Fes04-ZT and to 78.0 m* g * for
Sn-ZT. It seems likely that the increase in the specific surface can be attributed to forming a
second porous system at the ZT surface. Powder XRD analysis showed that the conversion
did not affect the crystallinity of ZT. TEM analysis showed amorphous Fe(l1l) precipitates on
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Fe-ZT, and an abundant coverage of the ZT plates by rounded magnetite nanocrystals on
Fes04-ZT, and X-ray photoelectron spectroscopy (XPS) exhibited the presence of SnO; on
Sn-ZT. According to the XPS depth profiles, the Fe and Sn concentrations decrease from the
samples' top to bottom.

Adsorption experiments showed that Na-ZT can capture the investigated cations from
water media through an endothermic ion exchange reaction. Specifically, metal ions from an
aqueous solution that come into contact with the Na-ZT replace Na' ions from the
clinoptilolite lattice. Even though all the metal ions under study have hydrated radii that are
noticeably larger than the clinoptilolite's lattice aperture, the ion exchange process does not
seem to be restricted by intra-particle diffusion. One offered explanation is that the cations'
coordination sphere changes as the reaction progresses [8]. Table 1 displays the Na-ZT's
removal efficiency and ionic radii [9] of the removed cations.

Table 1 Removal efficiency (%) of Na-ZT towards M(II) at the initial concentration of
1.5 mmol M(11) dm™ at 25°C

M(IT) Removal, % lonic radius, pm
Mg 60 66
Mn 47 82
Ni 15 70
Cu 84 73
Zn 50 74
Pb 100 119

The removal efficiency increases with temperature for all of the cations under study. Thus,
when the temperature rose from 25 to 45°C, the removal efficiency towards Cu(ll) increased
by about 14%. Furthermore, the pseudo-second-order rate model provides the most accurate
description of the cations' adsorption kinetics. However, only for Mn?* and Ni** does the rate
of adsorption increase with temperature, and only for Mn** does the increase become
statistically significant. This may be because the hydrolysis of metal ions affects the
adsorption Kinetics [10,11].

The adsorption kinetics for nitrate and phosphate anions agrees reasonably well with the
Lagergren pseudo-second-order model. The maximum affinity for the phosphate ions Fe-ZT
was found at pH~6.5. The 3P NMR analysis, according to Kaplanec et al. [12], showed the
intricacy of the phosphate adsorption mechanism, which consists of a more substantial
covalent bonding between the phosphate ion and Fe(lll) and also electrostatic interactions.
The phosphate is bound as a bidentate ligand most of the time. Temperature increases the
removal efficiency of both phosphate and nitrate ions. The Langmuir isotherm, which
produces the Langmuir constant (R.) values in the range of 0-1, suggests favourable
adsorption. As part of their adsorption mechanism, nitrate ions partially bind by ion exchange,
replacing hydroxyl ions [13].

Adsorption of CIP onto Fe3O4-ZT is very fast [14]. Over 80% of the maximum adsorption
capacity is reached within the first ten minutes. The Langmuir isotherm model explains the
equilibrium adsorption data, while the Lagergren pseudo-second-order equation describes the
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adsorption kinetics. The adsorption mechanism most likely involves strong electrostatic
interactions between the cationic form of CIP and the negatively charged Fe;O4-ZT surface.

Sn-ZT showed a high photocatalytic activity in the degradation of methylene blue, which
could mainly be ascribed to the presence of photocatalitically active SnO, at the surface of ZT
[15]. However, the clinoptilolite lattice and SnO, particles work together synergistically. ZT's
adsorption affinity for cationic organic dyes draws more molecules to the surface, which
produces hydroxyl radicals that open up many active sites for the adsorption of intermediates.
Moreover, the lattice prevents the SnO, particles from aggregating, which usually reduces
their activity. Electron-hole recombination accompanying photocatalysis is possible because
oxide particles are attached to specific crystallographic sites in the lattice.

ZT demonstrates remarkable photocatalytic activity in the degradation of MB as well [16].
The total degradation of MB is affected by pH, which peaks at pH=6 (70% for
Co=10 mg MB dm 2 for 300 min). The photodegradation process follows the Langmuir—
Hinshelwood kinetic model. The entire dye degradation process is caused by the combined
action of the Fe(lll) species, which are generally present as impurities in zeolitic tuffs. When
MB is exposed to visible light, these species also impact its initial adsorption and degradation.
Comparable results are obtained from zeolitic tuffs in other regions [17]. Fe impurities play a
role in photocatalysis, as evidenced by the fact that photocatalytic activity rises with
increasing Fe content.

CONCLUSION

One of the most common natural zeolites, clinoptilolite, is a mineral resource in R. Serbia.
This study's results suggest that clinoptilolite is a valuable adsorbent for various contaminants
and can be applied to wastewater treatment in environmentally friendly processes. It exhibits
photocatalytic activity, which is currently one of the most promising ways to eliminate
organic micropollutants such as organic dyes.
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Abstract

The aim of this study was to determine the concentrations of 17 organochlorine pesticides (OCPs) in
muscle tissue of the European perch from six reservoirs in Serbia with different properties and used
for different purposes: electricity generation (Vlasina, Zaovine, and Perucac), recreation (Lake Sava),
and water supply (Garasi). A gas chromatography with mass spectrometric detection (GC-MS) was
used for OCPs detections. The concentrations of aldrin, dieldrin, endrin, endrin aldehyde, a-HCH,
p-HCH, y-HCH, 6-HCH, endosulfan I, endosulfan II, endosulfan sulfate, 4,4'-DDT, heptachlor
epoxide, and metoxychlor were not detected at any studied reservoir. On the other hand, we detected
concentrations of 4,4-DDE in one individual (/7 ug kg™) from Garasi, 4,4'-DDD in one individual
(15 ug kg') from Garasi and two individuals (15 ug kg™, 17 ug kg) from Zaovine, as well as
heptachlor in two individuals (12 ug kg, 15 ug kg*) from Zaovine and three individuals (9 ug kg™,
11 ug kg™, 12 ug kg) from Lake Sava. Concentrations of analyzed OCPs did not exceed the
proscribed maximum residue levels (MRLS). Therefore, we can conclude that meat of European perch
from all investigated reservoirs is safe for human consumption regarding these pesticides.

Keywords: fish, organochlorine pesticides, QUEChERS, GC-MS.

INTRODUCTION

Since the World War I, the organochlorine pesticides (OCPs) were widely used in
agriculture and public health as insecticides and biocides [1]. It soon became apparent that
these components represent a major environmental problem regarding their persistance,
toxicity, high potential to enter, bioaccumulate and biomagnify in food chains causing adverse
effect on wildlife and humas [2]. Human exposure to OCPs may lead to the development of
cancer, genotoxicity, neurotoxicity, and/or cause endocrine, cardiovascular, urinary, growth,
and reproductive abnormalities [1,3]. Therefore, the use of the majority of OCPs was banned
in most countries, but their metabolic forms and residues can be still detected in aquatic
ecosystems due to their environmental persistence [1].

Aguatic environments are particularly sensitive to pollution, since reservoirs and lakes
serve as collectors of persistent pollutants [2,4]. Fish are recognized as important indicators of
aquatic pollution as they are highly positioned in food chains, are ease of sampling and well
investigated group of organisms, have potential to accumulate pollutants over time, and are
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important part of the human diet [5]. The European perch (Perca fluviatilis Linnaeus, 1758) a
significant bioindicator in environmental studies, because it is an opportunistic predator,
widely distributed in Eurasia and a frequently abundant species in different types of habitats,
and important species in commercial and sport fishing [5].

The aim of this study was to determine the concentrations of 17 OCPs in muscle tissue of
European perch from six reservoirs in Serbia, built for drinking water supply (Garasi),
recreation (Lake Sava), and electricity generation (Vlasina, Perucac, Zaovine, and
Meduvrsje), and in different stages of eutrophication.

MATERIALS AND METHODS

Fish sampling and sample preparation

Sampling was conducted from reservoirs that serve for electricity generation (Vlasina,
Zaovine, and Perucac), recreation (Lake Sava), and water supply (Garasi) (Figure 1). Ten
individuals from each reservoir were sampled during summer of 2017 using standing gillnets
(30 m x 2 m, 30-50 mm mesh size).

Figure 1 Map of the sampling sites (Serbia): 1 — Garasi; 2 — Vlasina; 3 — Perudac; 4 — Zaovine;
5 — Medjuvrsje; 6 — Lake Sava

The extraction of OCPs was performed using the modified QUEChERS procedure.
Analytical-grade acetone, acetonitrile and hexane were purchased from J.T. Baker (Deventer,
The Netherlands). The samples were kept in a freezer (at -20°C) before analysis, thawed at
room temperature and homogenized. A 10 g portion of homogenized sample was weighed
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into a 50 mL centrifuge tube. Then, 5 mL of cold purified water was added into the tube,
which was then shaken by hand for a 20 seconds to hydrate the samples and allowed to stand
for 10 min. Next, 100 pL of internal standard (concentration of 10 pg mL™) and 10 mL
acetonitrile were added. The sample was shaken for 2 min, after which anhydrous magnesium
sulphate (4 g) and sodium chloride (1 g) were added, which was shaken vigorously by hand
for 1 min, mixed on a vortex (Labbox Labware, S.L. Barcelona, Spain) for 2 min, and finally
the tube was centrifuged (Hettich EBA 280, US) for 5 min. Then, the centrifuge tube was
placed in a -20°C freezer for 30 min. And in the next step, the dispersive solid-phase
composed of C18 (0.08 g), primary secondary amine (0.08 g), and MgSO,4 (0.15 g) was
applied to clean up the obtained upper layer. An aliquot of 2 mL was transferred into a vial,
evaporated to dryness and reconstituted in 1 ml of mixture of hexane and acetone for GC/MS
analysis.

Analysis of organochlorine pesticides residues (OCPs)

A gas chromatography with mass spectrometric detection (GC-MS) was used to determine
the concentrations of 17 OCPs (aldrin, dieldrin, endrin, endrin aldehyde, a-HCH, B-HCH,
y-HCH, 6-HCH, endosulfan I, endosulfan 1l, endosulfan sulfate, 4,4-DDD, 4,4’ -DDE,
4,4'-DDT, heptachlor, heptachlor epoxide, metoxychlor) in fish muscle tissue (fillet). We used
a GC Clarus 680 PerkinElmer system comprising an autosampler and a gas chromatograph
interfaced with an MS Clarus SQ8T instrument under the following conditions: capillary
column Elite-SMS (30 x 0.25 mm ID x 0.25 um df, composed of 95% dimethyl polysiloxane
and 5% Phenyl), operating in the electron impact mode at 70 eV. The recorded ion source
temperature was 280°C. The carrier gas was helium (99.999%; 22.5 psi constant pressure) and
an injection volume of 2 pL (a split ratio of 50:1) was used at 250°C injector temperature. The
oven temperature was raising from 70°C for 3 min, through 150°C at a rate of 25°C min™ and
200°C at 3°C min™, and all the way to 280°C at 8°C min™, and held for 10 min. Mass spectra
were taken at 70 eV. The scan interval was set to 0.2 s and for the detection of fragmented
ions, ion masses in the range of 50 to 400 Da were monitored. The software analyzes were
performed in Turbo Mass Ver 6.1.0.

Stock standard solutions (AccuStandard Inc., New Haven, USA) with a concentration of
10 ug mL™* and working solutions by appropriate dilutions with hexane were used. A blank
sample of European perch (10 g) was used for preparation matrix calibration curves by
addition calibration standard of 10, 20, 30, 50 and 100 pg kg™ in European perch before
extraction. Triphenyl phosphate (TPP) was used as an internal standard. The SANTE
11312/2021 validation guidelines was used for validations of linearity, limits of detection
(LOD), limits of quantification (LOQ), specificity, recovery, and precision of the applied
method. A six replicates were done in order to obtain mean recovery values after a spike of 10
and 20 pg kg™ (Table 1). Initially, the blank fish sample was mixed with spike and a
preparation procedure was performed. The average recoveries of the OCPs in European perch
muscle ranged from 88.4% to 99.4%, for fortification level of 10 pg kg™ and 20 pg kg™

Concentrations of analyzed OCPs are expressed as pg kg™*. Concentrations of heptachlor,
heptachlor epoxide, 4,4'-DDD, 4,4'-DDE, and 4,4'-DDT in fish muscle tissue were compared
with the maximum residue levels (MRLS) in fish meat set by the national legislation of Serbia
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[6]. The MRL for sum heptachlor and heptachlor epoxide is 0.1 mg kg™ (i.e. 100 pg kg™), as
well as 1.0 mg kg™ (i.e. 1000 pg kg™) for DDT and derivatives.

RESULTS AND DISCUSSION

The linearity of the analytical response across the studied range of concentrations,
correlation coefficient (R?), limits of detection (LOD), and limits of quantification (LOQ) are
given in the Table 1.

Table 1 Linear regression parameters of the calibration curve of OCPs, correlation coefficient (R?),
limits of detection (LOD), limits of quantification (LOQ), recovery for the spiked levels of 10 pg/kg

and 20 pg/kg
. . . . 2 LOD LOQ Recovery (%)
Pesticide residue Calibration curve (gkg) (ng/ke) 10 pglkg 20 pglkg
Aldrin y=0.9883x + (-36.981) 0.99622 1.8 6.1 95.2 98.1
Dieldrin y=1.2682x + (-27.282) 0.99911 2.0 6.7 96.2 994
Endrin y=0.1490x + (-7.337) 0.99998 0.8 2.8 97.6 99.0
Endrin aldehyde y=0.8009x + (-30.728) 0.99461 0.6 2.0 89.1 97.6
a-HCH y=0.7790x + (-16.126) 0.99906 0.8 25 88.9 94.2
B-HCH y=1.2947x + (-30.965) 0.99886 0.7 2.3 90.1 90.4
vy-HCH y=1.1845x + (-12.415) 0.99697 2.0 6.7 98.0 90.3
6-HCH y=0.5890x + (-12.466) 0.99782 0.9 2.9 95.1 99.1
Endosulfan | y=0.1205x + (-2.387) 0.99977 24 7.9 89.6 89.9
Endosulfan 1l y=0.1766x + (-3.906) 0.99993 2.0 6.7 97.8 97.9
Endosulfan sulfate y=0.3969x + (-14.492) 0.99342 11 3.6 90.1 92.6
4,4'-DDD y=2.8343x + (-127.38) 0.99373 1.7 5.6 99.0 99.2
4,4'-DDE y=1.9067x + (-82.059) 0.99445 1.0 3.3 99.0 99.3
4,4'-DDT y=2.1650x + (-105.75) 0.99604 1.0 3.3 98.7 99.1
Heptachlor y=0.2500x + (-8.818) 0.99621 1.6 5.4 98.7 99.1
Heptachlor epoxide y=0.9883x + (-36.988) 0.99839 1.0 3.2 95.1 97.5
Metoxychlor y=4.2590x + (-194.09) 0.99333 0.3 1.0 96.1 97.4

The concentrations of aldrin, dieldrin, endrin, endrin aldehyde, a-HCH, B-HCH, y-HCH,
8-HCH, endosulfan I, endosulfan II, endosulfan sulfate, 4,4’-DDT, heptachlor epoxide, and
metoxychlor were not detected at any studied reservoir. On the other hand, we detected
concentrations of 4,4’-DDE in one individual (17 pg kg™) from Garasi, 4,4-DDD in one
individual (15 pg kg™) from Garasi and two individuals (15 pg kg?, 17 pg kg™) from
Zaovine, as well as heptachlor in two individuals (12 pg kg™, 15 ug kg™) from Zaovine and
three individuals (9 pg kg?, 11 pg kg?, 12 ug kg™) from Lake Sava. Interestingly to mention,
two individuals from Zaovine in which heptachlor was detected also accumulated 4,4'-DDD
in their muscle tissues.

a-HCH, B-HCH, y-HCH, and 4,4'-DDT were also under the detection limits in edible tissue
of European perch from five location along the tributaries of the Moselle River at Lorraine
Region (France) [7]. The concentrations of 4,4-DDE ranged from 0.12 to 0.85 pg kg™
(4,4'-DDD and 4,4'-DDT were not detected), and sum of total DDTs were below safety values

of 1.0 pg kg™? indicating no health risk due to consumption of this species [7]. In Latvia,
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a-HCH and y-HCH [8] as well as dieldrin [9] were detected in European perch from four
lakes (Kishezers, Siksalas, Engures, and Burtnieks) and three locations along the coast
(Daugavgriva, Kurmrags, and Lielirbe), respectively. In all the mentioned locations,
concentrations of DDT and its derivatives (DDTs) were in line with our results. Compared to
our study, a higher concentrations of HCH isomers (a-HCH, B-HCH, and y-HCH) and DDTs
(4,4'-DDD, 4,4'-DDE, 4,4-DDT) were recorded in muscle tissue of European perch from
Odra river estuary [10]. Similar findings are recorded for European perch from Caraorman at
the Danube Delta (Romania) [11] and Sulejowski Reservoir (Central Poland) [12]. Aldrin,
endrin, 5-HCH, heptachlor, heptachlor epoxide, and a-endosulfan were below detection limits
in European perch sampled at three lakes of Latinum (Bolsena, Bracciano, and Salto) in Italy
[13]. On contrary, dieldrin, a-HCH, y-HCH, and 4,4'-DDT were detected in all studied lakes
[13]. In all perch samples from Italy, concentrations of 4,4'-DDE were lower compared to
Garasi and 4,4’-DDD compared to Zaovine and Garasi.

Concentrations of analyzed OCPs did not exceed the proscribed MRLs, indicating the
absence of health risk due to consumption of fish meat regarding the analyzed pesticides. The
absence or low concentrations of the analyzed OCPs in European perch from Garasi, Lake
Sava, Vlasina, Perucac, Zaovine, and Meduvrsje was probably due to the absence of recent
application of these pesticides. These was also noted for European chub (Squalius cephalus),
pikeperch (Sander lucioperca), and common nase (Chondrostoma nasus) sampled at
mentioned reservoirs in Serbia [2,4,14].

CONCLUSION

Of 17 OCPs analyzed in this study, only three were recorded — 4,4’-DDE in one individual
from Garasi, 4,4’-DDD in one individual from Garasi and two individuals from Zaovine, and
heptachlor in two individuals from Zaovine and three individuals from Lake Sava.
Concentrations of all detected pesticides were low and did not exceed the proscribed MRLs.
Therefore, we can conclude that meat of European perch from all investigated reservoirs is
safe for human consumption regarding these pesticides.
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Abstract

Tetracyclines are largely used antibiotics in human and veterinary medicine due to their wide
spectrum of antibacterial activity. Besides the benefits of their use in defense from pathogenic
microorganisms their presence in surface water, groundwater, wastewater treatment plant, effluent
and influents, and sludge is a growing problem for the environment. Understanding of interactions
between tetracyclines and metal ions in aqueous ecosystems are of special importance for
development of methods for their removal, especially advanced oxidation processes initiated or
enhanced by UV irradiation. The influence of pH and the presence of ferric ions on photosensitivity of
tetracycline antibiotics tetracycline and doxycycline to UV A and UV B irradiation were investigated
by UV-Vis, Raman and EPR spectroscopy, MS, HPLC, and cyclic voltammetry. The formation of
Fe**-tetracycline complexes is pH dependent. UV-Vis and Raman spectra showed Fe** binding with
both tetracycline antibiotics through amide and OH groups in tricarbonylamide moiety of A ring and
phenolic diketone oxygen atoms of BCD system at acidic solutions pH<5. MS showed 1:1
stoichiometry of Fe**-tetracycline antibiotic complexes. Coordination interactions between Fe** and
tetracyclines are reversible. Tetracyclines are released unchanged from their Fe** complexes by pH
increase. The effect of UV irradiation on tetracyclines, their Fe** complexes and tetracyclines in the
presence of Fe** prior the formation of the complexes was investigated at pH 5. The results showed
that coordination of tetracyclines with Fe** makes them less susceptible to oxidation with hydroxyl
radical generated by UV-induced photolysis of Fe**~OH" complexes. The exposure of tetracyclines to
UV-A and UV-B irradiation led to their photodegradation at neutral and basic pH, while acidic pH
preserved tetracyclines from photodegradation. Redox properties of tetracyclines are pH dependent
and related to deprotonation of phenolic diketone moiety of BCD system which makes them more
susceptibile to oxidation at higher pH.

Keywords: advanced oxidation process, tetracycline, ferric ion, complexes,
photo-degradation.

INTRODUCTION

Tetracyclines (TCs) are commonly used antibiotics in the human health care and animal
husbandry sector. They possess a tetracyclic ring system substituted with various hydroxyl,
methyl, keto, and dimethylamino functional groups as a common structural motif and exhibit
a broad spectrum of antibacterial activity [1]. TCs are excreted out almost unchanged due to
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their high resistance to metabolic degradation in human and animal organisms and reached
the aquatic environment [2]. Hospitals, pharmaceutical industries, and livestock additionally
contribute to the presence of TCs in waste (industrial and municipal), surface, underground,
and drinking water [1]. The slow degradation rates of TCs in water led to their long-term
detrimental effects on ecosystems manifested as a high toxicity to aquatic organisms,
development of antimicrobial resistance, and their accumulation and transmission through the
food chain [3]. Several strategies for removal and degradation of TCs from aquatic and
terrestrial environment are developed that can be categorized as biological, chemical, physical
methods and their combinations [4-6]. Conventional methods for drinking and wastewater
treatment (coagulation/flocculation, clarification, filtration and wastewater treatment plants)
are not able to sufficiently remove pharmaceuticals. UV irradiation of wastewater can be used
for both disinfection and degradation of pharmaceuticals. TCs are very sensitive to
photodegradation by UV irradiation, but the photoproducts are toxic [7]. Photodegradation of
pharmaceuticals in aqueous systems can be enhanced in the presence of ferric iron by
photolysis of Fe(lll) hydroxo complexes that led to the production of HO™ radical [8,9].
Chelation of pharmaceuticals with metal ions may affect their redox properties, i.e.
susceptibility to oxidation and reduction [10]. TCs possess several ionisable functional groups
which are available for coordination with metal ions. The impact of pH on interactions
between Fe** and TCs and photodegradation of TCs by ferric iron photolysis is not fully
investigated. In this study, we investigated the structures and redox properties of TC
complexes with Fe**, the pH dependence of their formation, and the impact of Fe*" ions on
susceptibility of TCs to photodegradation in aqueous systems.

MATERIALS AND METHODS
UV irradiation

Samples were prepared in 1 mL of water with specific pH, placed in a quartz cuvette
(1x1x5 cm), exposed to UV up to 10 min using a lamp with filter for visible light (Carl Roth
GmbH, Karlsruhe, Germany; H469.1) and UV tubes (Sankyo Denki, Tokyo, Japan). The
irradiation was initiated immediately or following 15 min incubation. UV-B and UV-A lamps
had maximal emissions at 312 nm and 352 nm, respectively. Irradiation was conducted in a
temperature-regulated chamber. Irradiance was 17 J m™2s* for UV-A and 7.7 J m % * for
UV-B.

UV-Vis spectroscopy

UV-Vis spectra were recorded using 2501 PC Shimadzu spectrophotometer (Kyoto,
Japan).

Cyclic voltammetry

The voltammetric measurements were performed using a potentiostat/galvanostat CHI
760b (CH Instruments, Inc, Austin, TX, USA). The electrochemical cell (10 mL) was
equipped with: a glassy carbon working electrode (inner diameter of 3 mm; Metrohm,
Herisau, Switzerland); Ag/AgCl (3M KCI) (reference electrode); and Pt wire (counter
electrode).
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Raman spectroscopy

The Raman spectra of 5 puL solution placed on calcium fluoride glass were recorded using
a DXR Raman microscope (Thermo Fisher Scientific, Waltham, MA, USA) with the 532 nm
laser excitation line, and a constant power illumination of 8.0 mW. The exposure time was 10
s, with 10 exposures. The laser spot diameter was 2.1 pm. The scattered light was analyzed by
the spectrograph equipped with a 900 lines mm™ grating using 50 pm slit as spectrograph
aperture. The automatic fluorescence correction was performed using the OMNIC software
(Thermo Fisher Scientific).

EPR spectroscopy

Systems were exposed to UV for 10 min and recorded using X-band EPR spectrometer
Bruker EMX Nano and following settings: power, 10 mW; modulation amplitude, 0.1 mT;
sweep width, 12 mT; scan time, 60 s; number of scans, 4. The production of HO" and the
impact of TC were evaluated using EPR spin-trapping and BMPO spin trap, which reacts with
HO' to produce BMPO/HQO' paramagnetic adduct. Spectral simulation of BMPO/HQO" adduct
spectrum was performed in WINEPRSimFonia (Bruker Analytische Messtechnik GmbH,
Darmstadt, Germany), with following parameters: BMPO/HO" adduct: isomer | (81.6%):
aN=1.356 mT, aHB=1.230 mT, aHy=0.066 mT; isomer II (18.4%): aN=1.347 mT, aHp=1.531
mT, a Hy=0.062 mT.

RESULTS AND DISCUSSION

The impact of pH on interactions between Fe** and TC antibiotics, tetracycline (TC) and
doxycycline (DOX), was monitored by UV-Vis spectroscopy (Figure 1). The observed
changes in UV-Vis spectra of TC and DOX in the presence of Fe** imply that both antibiotics
interact with ferric ions in acidic conditions particularly at pH 5. At pH>7 the presence of
ferric ion did not induce changes in UV-Vis spectra of antibiotics. In neutral and basic
solutions deprotonation of the phenolic-diketone moiety of TCs enhances their coordination
ability, but the poor solubility of Fe** at this pH limits formation of complexes. The formation
of Fe** complexes with antibiotics at acidic pH was confirmed by HESI-MS showing their 1:1
stoichiometry. The highest amount of TCs complexes with ferric ion was observed for
[Fe**]/[TCs]=6 molar ratio.

The results of Raman spectroscopy indicate Fe**-binding with tricarbonylamide group of
ring A and phenolic-diketone oxygens of BCD rings of antibiotics (data not shown). The
interactions of TC and DOX with Fe** are reversible without hydrolysis or oxidation of
antibiotics. TC and DOX are sensitive to UV-A and UV-B irradiation at pH>7 (Figure 2). In
acidic solutions both antibiotics are not affected by UV irradiation.

The impact of complex formation on TCs photodegradation in acidic solutions can be
elucidated only in the case of TC for which slower kinetic of complex formation was
observed (~15 min after mixing of Fe** and TC solutions formation of complex reaches
equilibrium) (Figure 3a and 3b). The kinetic of DOX-Fe*" complex formation is faster,
reaching equilibrium almost immediately after mixing of Fe** and DOX solutions (Figure 3d).
UV-Vis spectra of Fe**/TC system irradiated immediately (most of TC was free), and after 15
min of incubation (when all TC was bound in the complex) showed Fe** promoted photo-
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degradation, which is evidenced by the decrease of characteristic TC absorption (Figure 3a
and Figure 3b). However, the decrease TC absorption peaks was modest and twofold less
pronounced for TC in the complex than for free TC. The process of photodegradation
involves the photolysis of Fe(111) hydroxo complex with reduction of Fe** by OH- to give
Fe?* and a very strong oxidizing agent HOe (standard reduction potential is ~2 V). The
photolysis of Fe(lll) hydroxo complex was confirmed as a drop of Fe3+ solution absorption
after UV irradiation. A significant drop of efficiency of photodegradation of TC in its Fe*
complex could not be attributed to the low concentration of “free” Fe3+, since only 30 uM of
the total Fe** concentration of 180 uM was bound to TC. The possible explanation is that TC
in the complex is less susceptible to oxidation by HOe. Similar as in the case of TC, the
presence of Fe** ions in acidic solutions of DOX led to its photodegradation after UV

irradiation (Figure 3e and Figure 3f).
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Figure 1 UV-Vis spectra of TCs in the presence and absence of Fe** at different pH. Sums of spectra
of TCs and Fe*" are presented for pH values 7, 9 and 12: a) pH 2; b) pH 4; ¢) pH 5; d) pH 7; €) pH 9;

f) pH 12
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Figure 3 TCs and Fe*" exposed to UV: a) UV-A; b) UV-B; TC and Fe** were exposed immediately or
after 15 min of incubation which allowed the formation of Fe**-TC complex; ¢) Photo-reduction of
Fe®* results in the loss of Fe** absorption line. [Fe**]=180 uM; [TC]=30 uM; pH=5; period of
irradiation: 10 min. Irradiance was 17 J m 2 s for UV-A and 7.7 I m 2 s * for UV-B; d) formation
and stability of Fe**-DOX complex in time; e) DOX and Fe ** exposed to UV-A after 15 min of
incubation; f) DOX and Fe ** exposed to UV-B after 15 min of incubation
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The capacity of TC and TC in its ferric complex to remove HOeradical produced by
photolysis of Fe(ll1) hydroxo complex was analyzed by EPR spin-trapping (Figure 4a). It can
be observed that non-coordinated TC removes HO- efficiently confirming involvement of
HO- in photodegradation. On the other hand, the coordination of TC with Fe** prevented HO-
scavenging. These results imply that coordination of TC with Fe®" makes it less susceptible
towards oxidation. Redox properties of free TC and TC in its ferric complex were
investigated by cyclic voltammetry. At acidic pH the strong oxidation peak of free TC at
Epa=1060 mV was not observed for Fe**-TC complex, which means that TC is less
susceptible to oxidation in the complex. The reduction peak of Fe** at Epc=174 mV was
shifted to Ep=140 mV, showing that Fe** was less susceptible to reduction (Figure 4b). The
increase of pH led to significant shift of Epa of TC to lower potentials from 1090 mV (at
pH=5) to 820 mV (pH=7) to 730 mV (pH=9) (Figure 4c), showing its pronounced
susceptibility to oxidation at high pH which is related to deprotonation of phenolic diketone
moiety in resonant BCD system.
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Figure 4 Redox properties of TC in the complex with Fe**: a) EPR spin-trapping analysis of HO"

scavenging capacity of TC; b) Cyclic voltammograms of TC, Fe*", and Fe**-TC complex in water at

pH=5 at glassy carbon electrode (scan rate 0.05 Vs %); ¢) Cyclic voltammograms of TC, Fe**, and
Fe**-TC complex in water at pH=7 at glassy carbon electrode

CONCLUSION

The present study simulates conditions present in real environmental aqueous systems
containing ferric ions which originate from sediments or ferric chloride used for coagulation
as a conventional method for drinking and wastewater treatment. Such aqueous systems can
be exposed to UV irradiation emitted by sun or ultraviolet germicidal irradiation as
disinfection technique. The obtained results showed that the binding of ferric ion to TCs
depends on pH. Ferric complexes of TCs with 1:1 stoichiometry are formed in acidic solution.
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TCs are resistant to photodegradation in acidic solutions. UV irradiation induced degradation
of TC in the absence of iron at neutral/alkaline pH. In acidic conditions the presence of Fe*
ions promotes photodegradation of TCs. Coordination of TCs with Fe** makes them less
susceptible to oxidation with HO" generated by UV-induced photolysis of Fe**-OH
complexes. In future development of advanced oxidation processes for water treatment it
should be taken into account that formation of ferric complexes with organic pollutants at
acidic solutions influence their redox properties possibly making it less susceptible to
oxidation with HO radicals produced by ferric ion photolysis.
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Abstract

Naphthalene (Nap) belongs to the group of polycyclic aromatic hydrocarbons, and is considered as
the simplest compound (it consists of two benzene rings). The aim of this work was to determine the
content of Nap in the unwashed leaves and stems of poison ivy (PI). The samples were collected from
nine locations in the area of Bor municipality, situated at different distances from the main source of
pollution, i.e. from the metallurgical complex in the city of Bor, containing also the city heating plant.
The highest concentration of Nap was found in stems of PI at the site S (66.63 ug/kg), while in the
leaves was at site BN (45.89 ug/kg). Obtained results for the concentration of Nap in PI samples from
each location were processed using factor R. Based on the calculated values for factor R, it can be
concluded that at the sites FJ (2.05) and BN (1.39) closest to the metallurgical complex, and at rural
sites SN (1.28), and O (1.70), the pollution of atmospheric origin was the greatest; also, it can be
supposed that the proximity of the city heating plant and smelter was responsible for the increased R
values (R>1) at the sites from the urban/industrial zone, while increased R values in the rural zone
were the result of domestic heating. In both zones, the traffic was also one of the possible sources of
Nap. There is a possibility that plants absorbed Nap not only from the atmosphere but also from the
soil.

Keywords: naphthalene, Hedera helix, PAHs, factor R.

INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHS) are highly persistent in the environment, toxic
and represent significant health risk to humans [1]. In recent years, there has been increasing
concern about the negative impact of PAHSs on terrestrial and marine ecosystems, because for
several of them are known to exhibit toxic, carcinogenic, and mutagenic effects [1].

The behavior of PAHs in the environment is greatly influenced by the physical and
chemical properties of the individual compounds, such as their molecular weight, water
solubility, vapor pressure etc. [2]. They are chiefly defined by the number of benzene rings
[2]. The simplest PAHs compound is naphthalene (Nap) [3], comprised of two fuzzed
benzene rings [4,5], with molecular weight of 128.2 g/mol [6]. In Table 1 are given physical
and chemical properties of Nap. Based on the value for water solubility, Nap can be
considered as very low soluble [3,7].
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Because of its tendency to biodegrade and volatilize/evaporate relatively easily, Nap has a
short half-life in soil. The estimated half-life of Nap in soils with 0.2—0.6% organic carbon
and 92-94% sand was 11-18 days [8]. The half-life of a three-ring phenanthrene molecule in
soil can be from 16 to 126 days, while the half-life of a five-ring benz(a)pyrene is 229-1400
days [3]. In the atmosphere Nap has a relatively short half-life of 3-8 hours [9]. Therefore,
comparing with other PAH compounds, Nap has a relatively low tendency to accumulate in
the environment. Outdoor concentrations of Nap are low in Europe, typically ranging from 1
to 4 ug/m°. Generally, concentrations of Nap in the air are lower in rural than in urban areas
[9].

The pollution sources responsible for the presence of PAHs in the environment are
numerous. The origin of Nap is associated with fossil fuels; it is naturally found in petroleum
and coal tar [7,10]. The indirect source responsible for releasing Nap into the environment is
vehicle emissions [7]. Naphthalene is released into the environment via the incomplete
combustion (pyrolysis) of organic compounds, oil spills, oil processing, household waste
disposal, and use of fumigants and deodorants [3].

Table 1 Physical and chemical properties of Nap [4,7]

Property Value
Molecular formula ™ CioHs
Structural formula "
Molecular weight 128.19 g/mol
Melting point ™ 80.0-80.3°C
Boiling point " 217.9-218°C
Density I 1.175 glem®
Henry's Law Constant 4.83-10 atm m*/mol
Vapor pressure ! 0.0087 mm Hg
Water solubility 31.69 pg/L
Log Koy ™ 3.36

Log Ko™ 2.97

Naphthalene is classified and listed among the sixteen priority pollutants by the United
States Environmental Protection Agency (USEPA) [2,5,6]. According to the International
Agency for Research on Cancer (IARC), Nap can be considered as possible carcinogenic to
humans and animals [5,6].

In humans, exposure to Nap through dermal contact, inhalation and ingestion can lead to
toxic manifestations such as: liver and lung damage, eye sensitivity, and neurological damage
in infants. In the human body, high concentrations of Nap can destroy red blood cells, causing
hemolytic anemia [5,6].

In this paper, the concentrations of Nap were determined in the unwashed stems and leaves
of Hedera helix L., i.e., poison ivy (PI), as a way to monitor the level of this hazardous
compound in the municipality of Bor (East Serbia). Given that Nap represents one of rare low
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molecular weight (LMW) PAHSs that can be absorbed through leaves but also through root
and transported into the aboveground parts [4], the focus of this paper was on the estimation
of atmospheric pollution, using the unwashed stems and leaves and calculating the so-called
factor R [11].

MATERIALS AND METHODS

Sampling of PI plant material (stems and leaves) was carried out at nine locations in the
area of the city of Bor and its surroundings. Sampling sites (four urban and five rural sites)
were chosen at different distances from the primary source of pollution — smelter and the
heating city plant in the centre of metallurgical complex in the Bor town. The urban zone
included the following locations: Flotacijsko jaloviste (FJ) — at a distance of 0.7 km from the
main pollution source, Bolni¢ko naselje (BN) at a distance of 1.3 km, Slatinsko naselje (SN)
at a distance of 3.2 km and Naselje Sunce (NS) at a distance of from 3.6 km. The rural zone
included: Ostrelj (O) at a distance of 4.5 km, Slatina (S) at a distance of 6.5 km, Borsko jezero
(BJ) at a distance of 7.0 km, Krivelj (K) at a distance of 8.0 km and Gornjane (G) at a
distance of 19 km.

Pl material was collected as described in detail in Papludis et al. [12], as well as the
manner of its preparation and analysis (using gas chromatographic-mass spectrometric,
GC/MS method); exception was that stems and leaves were analyzed as unwashed.

Obtained results for the concentrations of Nap in Pl samples from each location were
processed using the factor R, i.e., the ratio of Nap concentrations in the unwashed leaves and
stems: Riear/stem=Clea/ Cstem (Ciear, and Cseemn are the concentrations of Nap in the equivalent
plant organ). Factor R bigger than 1 indicates the sites where the atmospheric pollution had
the greatest influence [11].

RESULTS AND DISCUSSION
The concentration of Nap in the leaf and stem samples of PI are given in Table 2.

Table 2 The content of Nap (ug/kg, dw) in the leaf and stem samples of Pl

Location Leaf Stem
FJ 2414 11.79
BN 45.89 33.06
SN 45.20 35.42
NS 25.44 43.45
O 44.84 26.35

S 42.47 66.63
BJ 457 25.72
K 8.89 40.98
G 6.38 23.99

Bold values indicate Nap highest concentrations
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The highest concentration of Nap was in stem of PI at the site S (66.63 pg/kg), while in the
leaves, the highest, and very similar Nap concentrations were found at several sites:
BN (45.89 nug/kg), SN (45.20 nug/kg), O (44.84 ng/kg) and S (42.47 pg/kg).

The lowest concentration of Nap in ivy leaves was at one of the farthest locations from the
industrial complex, namely, BJ (4.57 pg/kg), while the lowest concentration in stems was at
the site FJ (11.79 pg/kg), which is the closest to the industrial complex. These discrepancies
were the first signals that the main source of pollution in the complete municipality
(metallurgical and the heating plant) cannot be considered as the only source of Nap pollution
in the investigated area.

At 4 out of 9 locations the values for factor R were greater than 1: FJ (2.05), BN (1.39), SN
(1.28), and O (1.70) (Figure 1). In the case of phenanthrene, in the study of Papludis et al.
[11] at the same locations, R factor was also elevated at the sites SN and O, which confirms
the greatest atmospheric influence of both compounds at depicted sites. Other sites had very
low values for the calculated R factor. All these facts further point that Pl from the
investigated area may assimilated Nap from different spheres — from the atmosphere, but also
from the soil. Further, pollution of atmospheric origin can be ascribed (in different extents)
not only to the metallurgical and heating plants but also to domestic heating in rural sites, as
well as to the traffic, which is in constant increasing in recent years.

2,50
2,00

1,50

1,00
- l l
Fl BN SN NS 0 5 Bl K G

Factor R

0,00

Location
Figure 1 The calculated values for factor R at examined sites

CONCLUSION
The most important conclusions of this work are as follows:

1) Based on the obtained values for the factor R, it can be said with certainty that Nap
content in the investigated plant parts came not only from the atmosphere but also from the
soil. The biggest atmospheric contribution was confirmed in the case of sites such as:
FJ (R=2.05), BN (R=1.39), SN (R=1.28), and O (R=1.70).
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2) The mining and metallurgical complex (smelter and city heating plant) cannot be
considered as the only source of pollution in the area of the town of Bor and its surroundings;
other sources are most likely: domestic heating and traffic.
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Abstract

Apple fruit is frequently exposed to pesticide treatment, especially in the latest stages of apples
production. When a pesticide gets the fruit, its interaction with the cuticle and the cuticular waxes
starts via absorption mechanisms. Sorption behavior, that ultimately depends on the pesticide and the
peel waxes characteristics, tends to affect the fate of the pesticide as well as its persistence in the fruit.
This laboratory scaled study was designed to determine the residue levels of four fungicides and one
insecticide in apple fruit’s part after pesticides application by immersion in solution of commercial
pesticides and fruits 3-day storage. The results showed that pesticides migrated in the deeper fruit
parts to some extent, but peel has retained most of them.

Keywords: fruit, sorption, fungicides, insecticides.

INTRODUCTION

A specific morfology defines fruit peel as a natural barrier to xenobiotics, limitating the
degree of their migration into deeper sections of the fruit. Main contributors to such features
are peel waxes, however the expression of antimigration properties depends on fruit type,
pesticides application conditions or pesticides chemical structure. Sastifying antimigration
properties of apple and grape peel were observed for chlorpyrifos-methyl migration, where
significant amounts of the pesticide remained in peel [1]. Such outcome was observed for
apple and grape, but not for strawberry peel, confirming the dependence of peel antimigration
properties on the fruit type. Another study showed partial restriction of grape peel towards the
migration of 8 pesticides from different chemical classes, meaning that some pesticides
amounts were detected in grape pulp, however the majority was found in the peel [2]. The
same study revealed the migration degree depends on pesticides migration tendencies
(systemics/non-systemics) and on the application solution (pesticides mixture vs single
solutions).

Pesticides migration into apple fruit can be explained via following major stages [3]: The
migration starts when pesticide formulation reaches peel layer consisted of epicuticular
waxes. The waxes have role of reducing fruit surface wettability and consequently the degree
of pesticides formulation retention and contact time with the fruit. In this stage main factors
affecting cuticular permeability are abiotic factors such as air moisture and temperature or
pesticides formulation additives. Pesticides disolution and diffusion primarily takes place in
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the amorph regions of the cuticula, then in the layers made of intracuticular waxes and cutin.
The last stage of the migration is pesticides molecules desorption from the inner cuticula and
sorption to the epiderm cells.

The objective of this study was to evaluate apple peel retention properties towards five
pesticides regurarly used in apple crops protection. Pesticides were applied to apple fruit from
commercial formulations in laboratory scaled experiments.

MATERIALS AND METHODS
Chemicals

High purity pesticide standards of trifloxystrobin, bifenthrin and boscalid were obtained
from Sigma-Aldrich® (Germany). High purity pesticide standards of pyrimethanil and
cyprodinil were obtained from AccuStandard® (USA). High purity dibutyl adipate (DBA)
used as internal standard (IS) was purchased from Sigma-Aldrich Chemie® (Germany). HPLC
grade ethanol, HPLC grade hexane and HPLC grade methanol were purchased from Fisher
Scientific (USA). SELECTRA® (octadecyl, bulk form) was purchased from UCT (USA).
Florisil® (60-100 mesh) was purchased from LGC Promochem (Germany).

The following commercial formulations of pesticides were used: Botrystock® -
pyrimethanil (Stockton Crop Protection AG, Swizerland), Cormax® — cyprodinil (Shanghai
Mio, China), Bosco® — boscalid (Ningbo Synagrochem, China), Zato 50 WG® -
trifloxystrobin (Bayer AG, Germany) and Talstar 10 EC® — bifenthrin (FMC Corporation,
USA).

Appliances

In sample preparation procedure, following appliances were used: balance KERN KB
2000-2N, Germany (acc. £0.01 g); food processor TEFAL 0.9L BL142A; Manifold SPE
system Waters®, USA; centrifuge Thermo Scientific Jouan C4i and TurboVap® LV
evaporator, Zymark USA.

Experimental setup

Apples of the Granny Smith variety, similar in shape, mass and maturity stage, were
chosen at the open-air market (JP “Trznica”, city of Ni§, Serbia). The average mass of 15
apple units used in this study was 153.64+8.89 g. Apples were cleaned from any visible
dirtiness by wiping. Pesticides sorption was studied by soaking each apple unit in 300 mL of
aqueous solution fortified with five pesticides with final concentration of 150 mg L™ in a
500 mL glass beaker. The submersion period was 2.00 minutes. Each submersion was
performed in triplicates. Immediately after submersion has finished, the excess of immersion
solution was removed from apple surface by 2-3 times short immersion in tap water and
wiping, after which apples were peeled. Pesticides in-peel starting concentration was
determined right after the submersion, without any fruit storage. Pesticides migration was
tested after 1 h, 3 h, 24 h i 72 h of fruit storage at room temperature in open air. The first 3
and another 3 layers of pulp were peeled along with the peel and analyzed after each storing
period.
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Sample preparation

The complete peel mass obtained from apple unit was homogenized by blending after
which a 10 g-sub portion was weighted for analysis. Each portion was mixed with 20 mL of
water and additionally blended. The resulting mixture was transferred to a glass container and
subjected to liquid-liquid extraction with two 10 mL-portions of hexane. Four millilitres of
the obtained hexane extract were subjected to the SC, SE/LTP procedure to remove waxes, as
detailed in Andelkovi¢ et al. [4]. Afterwards, partially cleaned-up extract was subjected to a
SPE procedure to remove pigments. The SPE cartridge was filled with 500 mg of C18, then
with 500 mg of Florisil® and at last with another 500 mg of Cg, thus creating a three-layered
form. Prior to sample extract loading, the column was conditioned with 3 mL of methanol.
Then, 1 mL of previously obtained methanol extract was loaded. The elution of analytes was
performed with 2 mL of methanol, while the pigmentation was retained on the C,g part of the
column. The obtained eluate was evaporated to dryness, re-dissolved in 0.50 mL of DBA
hexane solution (1 ug mL™), and subjected to GC-MS analysis.

Instruments and instrumental parameters

Instrumental analysis was performed on Agilent 6890 gas chromatograph equipped with
5973 Mass Selective Detector (MSD) and 7683 autosampler and SGE 25QC2/BPX5 0.25
capillary column (25 m x 0.22 mm x 0.25 um, non-polar). The mass spectra were recorded
under an electron ionization (EI) voltage of 70 eV. The gas chromatograph was operated in
the splitless injection mode (purge time 1 min). The oven temperature was programmed from
90°C (hold time 0 min) to 280°C (4 min) at 20°C min™ rate; post run: 300°C (2 min). Helium
was the carrier gas with constant flow rate of 1.0 mL min™. The target compounds were
identified and confirmed at scan mode (m/z 50-400) and analyzed at selected ion monitoring
(SIM) mode. Both data acquisition and processing were accomplished by Agilent MSD
ChemStation® D.02.00.275 software. Samples quantification was performed with pesticides
calibration standards in the concentration range 2.00-10.00 mg kg™.

RESULTS AND DISCUSSION

Pesticides mass applied by fruit soaking, calculated by multiplying in-peel determined
pesticide amount and peel mass, was presumed as the starting in-fruit pesticides mass (100%).
Two-minutes soaking period resulted in applied pesticides amount ranging from
12.710 mg kg™ (trifloxystrobin) to 118.628 mg kg™ (bifenthrin); none of pesticides was
detected in pulp fractions (Table 1). Fruit storage resulted in decreased in-peel pesticides
amount. After 72 h of storage in-peel pesticides amount ranged from 5.891 mg kg™
(pyrimethanil) to 23.594 mg kg™ (bifenthrin). Storage has also resulted in pesticides detection
in pulp layers (first 3 layers; 3-4 mm of depth) (Table 1). Over 72 h the amount of
pyrimethanil in pulp increased from 0.425 mg kg™ to 1.847 mg kg™. Other analytes did not
show any obvious trend in in-pulp amount, but the amounts were measurable, except from
trifloxystrobin, with in-pulp amount reaching methods limits of quantification after 72 h.

Bearing in mind that soaking procedure was performed with highly concentrated pesticides
solution, pesticides were expected to be also detected in deeper pulp layers. Therefore another
3 pulp layers were peeled and analysed, contributing to the total tested depth of 7-8 mm. In
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these layers, pesticides become detectable after 24 h of storage (Table 1). Pyrimethanil and
cyprodinil amounts were 0.222 and 0.104 mg kg™, respectively. Other pesticides amounts
ranged between methods limits of detection and limits of quantification. After 72 h of storage
the amounts of pyrimethanil and cyprodinil raised to 0.834 and 0.129 mg kg™, respectively.
Trifloxystrobin was not detected and the amounts of bifenthrin and boscalid ranged between
methods limits of detection and limits of quantification for pulp matrix.

Table 1 Pesticide amount in peel and in the first 3 layers of pulp, right after fruit soaking for 2 min in
150 mg L™ pesticides mixture solution and after different storage periods

;tﬁgzg% Amount  Pyrimethanil Cyprodinil  Trifloxystrobin  Bifenthrin Boscalid
Peel
0 mg kg™ 19.027 15.224 12.710 118.628 21513
(RSD, %) (29.68) (35.06) (29.35) (34.60) (40.11)
1 mg kg™ 16.306 11.234 9.907 29.154 17.781
(RSD, %) (35.71) (32.32) (37.27) (40.85) (29.46)
mg kg™ 12.302 10.700 25.397 21.637
3 (RSD, %) 163396370 5oy (22.81) (36.56) (8.10)
24 mg kg™ 13.150 13.355 11.334 32.654 20.928
(RSD, %) (38.92) (32.86) (24.43) (37.06) (39.12)
mg kg™ 8.903 9.247 23.594 19.094
2 (rsp, o) 28752 o7 g4 (17.41) (21.30) (4.95)
Pulp
0 mg kg™ nd nd nd n.d nd
(RSD, %) d. d. d. d. d.
mg kg™ 0.344 0.061 0.226 0.097
! (RSD, %) 04%5(2266) (15 ) (1757) (14.77) (2.16)
mg kg™ 0.397 0.116 0.280 0.197
8 (RSD, %) 0386(2542) 15 6a (25.40) (46.48) (38.69)
mg kg™ 0.340 0.090 0.351 0.138
24 (RsD, o) 0645(3060) a7 5 (17.12) (24.44) (29.70)
- mg kg™ 1.847 0.552 0.044 0.129 0.151
(RSD, %) (5.47) (20.56) (26.81) (13.81) (11.09)

Percentage of pyrimethanil retained in peel, decreases from starting 100% to 78% after 1 h
and to 28% after 72 h of storage (Figure 1), due to pesticide migration into pulp layers and
evaporation from the fruit surface. After 72 h the percentage of pyrimethanil mass in the first
3 mm of pulp is close to that in peel and reaches 26%. The percentage of pyrimethanil
assumed to be lost via the evaporation ranged from 20 to 30%. Distribution of cyprodinil
mass after 1 h and 3 h of storage is similar to that of pyrimethanil (Figure 1). After 24 h and
72 h of storage the percentage of cyprodinil mass retained in peel is 80 and 55, respectively.
The percentage of mass found in the first 3 mm of pulp is 6 and 10, respectively. It can be
assumed that over 72 h of storage cyprodinil mass distribution is uniform, that is it primarily
takes place between peel and pesticide loss via the evaporation. Trifloxystrobin and boscalid
were majorly retained in peel, with the percentages of 70 and 60, respectively. Since these
pesticides were practically not detected in pulp fractions, it was assumed that the rest of the
amount was lost via the evaporation (Figure 1). Bifenthrin stand out, with the highest applied
mass. Then, the percentage of bifenthrin mass retained in peel was the lowest among masses
of other pesticides; it was around 20% over the entire storage period. Bifenthrin percentage in
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the first 3 mm of pulp ranged from 0.5 to 0.8, suggesting that the majority of the pesticide had
been evaporated from the fruit surface prior to any penetration (Figure 1).

{6 Boscalid Trifloxystrobin Cyprodinil
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Figure 1 Percentages of total applied pesticides masses in fruit parts and assumed to be evaporated
from fruit surface

CONCLUSION

Apple peel retained most of the applied pesticides. The percentage of total applied
pesticides mass in peel after 72 h of fruit storage was higher than 60% for trifloxystrobin and
boscalid, higher than 50% for cyprodinil and around 30% for pyrimethanil. The in-peel mass
of bifenthrin was around 20% of the total mass. However, the rest of 80% did not penetrate
into the pulp, but evaporated from fruit surface. The highest penetration ability had
pyrimethanil, reaching ~30% of the total mass in pulp fractions after 72 h.
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Abstract

The diversity and complexity of fruits and vegetables content remains the main challenge in pesticides
monitoring in these matrices. At this point, the established sample preparation method is QUEChERS
and its two modifications - the acetate-buffered version or AOAC 2007.01 certified method and the
citrate-buffered version or EN 15662 certified method. The aim of the study was to evaluate the
performances of both QUEChERS modifications, followed by the two most common analytical
techniques in pesticides analysis in complex matrices, GC-MS and LC-MS/MS. A review of methods
validation parameters confirms that mass spectrometry-based methods combined with the two
established QUEChERS sample preparation procedure modifications have satisfactory selectivity and
sensitivity for the analysis of pesticides in complex samples.

Keywords: AOAC 2007.1, EN 15662.

INTRODUCTION

The diversity and complexity of fruits and vegetables content remains the main challenge
in pesticides monitoring in these matrices. Consequently, various sample preparation methods
have been developed, each one with the same goal, to generate consistent high-quality results
of multiresidue analysis in many plant matrices at lowest possible pesticides concentration. At
this point, the established sample preparation method is QUEChERS. Owing to the simple
steps, QUEChERS is time effective and less prone to errors, thus it represents a streamlined
approach to assess pesticides residues in food. The original version was developed in
2003 [1]. Organic phase separation was performed by the addition of MgSO, and NaCl. In
later attempts, the method has been modified to expand both analytes and commodity range
by introducing buffers, which led to better recovery of some pH-sensitive analytes.
Consequently, two buffered versions have been established, the acetate-buffered version or
AOAC 2007.01 certified method and the citrate-buffered version or EN 15662 certified
method. The last step of the QUEChERS is the dispersive solid phase extraction (d-SPE),
originally performed with primary-secondary amine (PSA) as a sorbent for impurities
collection. Nowadays, there are numerous combinations of PSA and other sorbents.

The aim of the study was to evaluate the performances of both buffered QUEChERS
versions, followed by GC-MS and LC-MS/MS analysis. Targeted analytes were five
pesticides mostly used in apple production in Serbia - pyrimethanil, cyprodinil (fungicides,
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anilino-pyrimidines), boscalid (fungicide, pyridine-carboxamides), trifloxystrobin (fungicide,
strobilurin) and bifenthrin (insecticide, pyrethroids).

MATERIALS AND METHODS
Chemicals and appliances

High purity standards of pyrimethanil and cyprodinil were purchased from AccuStandard®,
USA. Formic acid (98%), acetic acid (99.8%) and high purity standards of boscalid,
trifloxystrobin and bifenthrin were purchased from Sigma-Aldrich®, Germany. HPLC grade
methanol and acetonitrile were produced by J.T. Baker, USA; ammonium-formate (98%),
HPLC grade deionized water, ethanol and hexane were produced by Carlo Erba, Italy.
Prepacked QUEChERS extraction pouches (Package 1: 0.5 g of anhidrous sodium acetate and
2 g of anhidrous MgSO,; Package 3: 1 g of NaCl, 4 g of MgSQy,, 1 g of trisodium citrate
dihydrate and 0.5 g disodium hydrogen citrate) and dispersion Kits (Package 2: 50 mg PSA,
50 mg C1g and 150 mg MgSQO,); Package 4: 25 mg PSA and 150 mg MgSO,) were produced
by Hillium, USA. Syringe microfilters (Nylon Hydrophilic 0.22 pm) were produced by
Membrane Solutions, USA.

For high purity standards weighing procedures analytical balance Sartorius BP110S
(Germany) was used. In sample preparation procedure following appliances were used: peeler
and slicer (China), balance (acc. £0.01 g) KB 2000-2N KERN (Germany), kitchen blender
0.9L BL142A TEFAL (France), centrifuge Jouan C4i Thermo Scientific (USA), syringe
microfilter Nylon Hydrophylic 0.22 pum, Membrane Solutions (USA). Apples of Granny
Smith variety were purchased in a local supermarket.

Sample preparation

One-kilogram batch of Granny Smith apple variety was chopped and additionally
homogenized by blending.

MET-GC-Q: Acidified acetonitrile (5 mL,) and Package 1 were added to the representative
sample subportion of 5 g and extraction by shaking was performed (1 min). The mixture was
centrifuged (3500 rpm, 1 min). Package 2 was added to 1 mL of the supernatant. The mixture
was shaken and centrifuged (3500 rpm, 1 min). The supernatant was concentrated 5 times by
evaporation. Solid residue was dissolved in hexane, microfiltered (Nylon 0.22 um) and
analyzed.

MET-LC-Q: Acetonitrile (10 mL) was added to the representative sample subportion of
10 g and extraction by shaking was performed (1 min). Package 3 was added, afterwhich
strong shaking was performed to prevent lumps formation. The mixture was additionally
shaked for 1 min and centrifuged (3000 rpm, 5 min). Package 4 was added to 1 mL of the
supernatant. The mixture was shaken and centrifuged (3500 rpm, 1 min). The supernatant was
microfiltered (Nylon 0.22 pum) and analyzed.

Validation

Validation procedure included the evaluation of the matrix effect (ME), methods trueness
and precision and limits of detection (,LOD). The ME was evaluated by calculating the
slopes of calibration curves developed by the standards prepared in matrix extract and in
solvent and combining them into the formula: S,,/S¢x100 %, (Sm — the slope in matrix;
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Ss — the slope in solvent). Trueness and precision were determined by analyzing procedural
standards (in 5 replicates), with spiking levels equal to 0.10; 1.00 and 5.00 mg kg™. Limits of
detection were evaluated by analyzing procedural standards in concentration range adjusted to
each analyte (MET-GC-Q) and in range 0.005 — 0.075 mg kg™ for each analyte (MET-LC-Q).
The obtained linear regression parameters were combined into the formula: 3 xA/S (A — the
standard deviation of the intercept; S — the slope of the calibration function).

Instruments and instrumental parameters

MET-GC-Q: Analysis was performed on Agilent 6890 gas chromatograph equipped with
5973 Mass Selective Detector (MSD) and 7683 autosampler and SGE 25QC2/BPX5 0.25
capillary column (25 m x 0.22 mm x 0.25 um, non-polar). The mass spectra were recorded
under an electron ionization (EI) voltage of 70 eV. The gas chromatograph was operated in
the splitless injection mode (purge time 1 min). The oven temperature was programmed from
90°C (hold time 0 min) to 280°C (4 min) at 20°C min™ rate; post run: 300°C (2 min). Helium
was the carrier gas with constant flow rate of 1.0 mL min™. The target compounds were
identified and confirmed at scan mode (m/z 50-400) and analyzed at selected ion monitoring
(SIM) mode. Both data acquisition and processing were accomplished by Agilent MSD
ChemStation® D.02.00.275 software.

LC-MS/MS analysis: Analysis was performed on instrumental configuration comprising
autosampler Surveyor (Thermo Finnigan, USA), MS pump Accela 1250 (Thermo Scientific,
USA) and LTQ XL mass spectrometer equiped with ESI probe and linear ion trap analyzer.
Ten pL of the sample was loaded on column (Hypersil GOLD™, 3 um, 175 A,
150 mm x 2.1 mm, Thermo Fisher Scientific, USA) in a partial loop injection mode and
eluted with a mixture of: eluent A (solution of 0.30% of FA and 0.01% of AMF in water) and
eluent B (MeOH) following the gradient: 0 min (50% B), 0-13 min (50-75% B), 13-15 min
(75% B), 15-16 min (75-100% B), 16-19 min (100% B), 19-20 min (100-50% B), 20-25
min (50% B) with flow equal to 300 pL min™. Mass analysis was performed in multiple
reaction monitoring (MRM) mode including qualitative and quantitative transition, under
optimized parameters of ion source, ion optic and ion detection system of the mass
spectrometer.

Table 1 Overview of the main features of methods MET-GC-Q and MET-LC-Q

Method SEME . Instrumental configuration I\_/Ias_s a’Ta'VS'S
preparation (ionization/analyzer/mode)
Autosampler HP 7683 (Hewlett-Packard,
USA), Gas chromatograph HP 6890
Acetate buffered (Hewlett-Packard, USA), Mass
QUEChERS spectrometer HP 5973 (Hewlett-Packard, El / Single quadrupole / SIM
MET-GC-Q (4SPE: PSA+Cy;g) USA) mode (MS” analysis)
Autosampler Surveyor (Thermo Finnigan,
USA), MS pump Accela 1250 (Thermo
Scientific, USA), Mass spectrometer LTQ
Citrate buffered XL/LTQ Orbitrap (Thermo Electron
QUEChERS Corporation, USA) with (Heated) ESI probe ESI / Linear ion trap / MRM
MET-LC-Q (4SPE: PSA) (HESI) mode (MS? or MS? analysis)
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RESULTS AND DISCUSSION

The selected variants of QUEChERS method (AOAC 2007.1 and EN 15662 with PSA in
the dSPE step) are applicable to the analysis of fruits and vegetables with high acid and wax
content. Figure 1 illustrates the steps of the both procedures applied for the preparation of
Granny Smith apple samples. After the step of solid-liquid extraction with acetonitrile, the
addition of salt packages facilitates phases separation (Figures 1 A2, B2). Acetonitrile extract
freezing (AOAC 2007.1 procedure, Figure 1 B4) shows the presence of significant amount of
water even after MgSO,4 was used, suggesting the need for the extract carrier exchange to
hexane prior to GC/MS analysis. The d-SPE step of both procedures leads to a partial
pigmentation removal (Figures 1 A4, B5).

1 & e alkd -

Figure 1 lllustration of citrate buffered A) and acetate buffered QuEChERS procedure B) through
steps: A) 1. after the extraction with AcN; 2. after mixing with citrate salts; 3. after centrifugation;
4. extracts after the dSPE; B) 1. homogenized sample; 2. after the extraction with AcN;

3. after centrifugation; 4. after the freezing step; 5. after the dSPE step

The matrix effect. Acetate buffered QUEChERS followed by GC-MS analysis results in
significant positive ME for each tested analyte, reaching up to 450% (pyrimethanil,
cyprodinil). Citrate buffered QUEChERS followed by LC-MS/MS analysis results in
moderate negative ME for 4 analytes (-10 to -30%) and in significant negative ME for
bifenthrin (-70 %). The opposite ME in ESI/MS from that in GC-MS analyses is expected due
to the different mechanism of the ME manifestation. Such significant ME meaning altered
analytes response, if not taken into account, can cause uncertainty in pesticides analysis. In
practice that means analytes quantification should be performed in blank matrix extract rather
than in solvent.

Trueness and precision. Methods trueness and precision were assessed by spiking apple
peel with known concentration of analytes in the earliest sample preparation phase, then by
sample treatment and analytes quantification, considering the ME. Calculated trueness was
compared to the trueness criteria of the SANTE validation guidelines [2]. Methods trueness is
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satisfactory if analytes recovery ranges from 70-120% with the relative standard deviation
(RSD) less than 20%. If a method meets the criteria, quantification results do not need to be
corrected for the calculated trueness. According to the SANTE guidelines, satisfactory
trueness can be broadened to the range 30—140% if the RSD is still less than 20%.

MET-GC-Q trueness (Table 2) ranges from 18% (bifenthrin) to 87% (pyrimethanil).
Coefficients of variation (average precision) suggest there is not any dependance of method
trueness on pyrimethanil, trifloxystrobin and bifenthrin concentration. However, RSD is
higher than 60% for cyprodinil and boscalid. The cause of this variation is much lower
pesticides recovery for 0.10 mg kg'1 spiking level when compared to the recovery for other
two levels. MET-LC-Q trueness (Table 2) ranges from 84% (bifenthrin) to 96%
(trifloxystrobin). Coefficients of variation (average precision) suggest there is not any
dependance of method trueness on analytes concentration. Somewhat higher RSD was
observed for pyrimethanil. Pyrimethanil trueness ranged from 69% (0.10 mg kg™') to 128%
(1.00 mg kg™).

Limits of detection. To compare LODs to pesticides MRLs, calculated LODs (mg kg™ of
peel) were re-calculated to the mass of fruit, considering a 10% peel contribution to the mass
of fruit. LOD of each tested analyte is below set MRLs. MET-GC-Q and MET-LC-Q LODs
are 3to 10 000 and 10 to 37 500 times lower than the set MRLSs.

Table 2 Methods validation parameters overview

1. ,LOD, 2. MRL, Ratio Average Average

BT AELE mg kg™ mg kg 2./1. trueness, %  precision, %

Pyrimethanil 0.0015 15.00 10000 87.31 19.71

Cyprodinil 0.0013 2.00 1538 43.71 67.26

MET-GC-Q  Trifloxystrobin 0.0027 0.70 260 60.86 16.70

Bifenthrin 0.0030 0.01 3.33 18.12 34.33

Boscalid 0.012 2.00 166 41.09 75.74

Pyrimethanil 0.0004 15.00 37500 94.65 31.94

Cyprodinil 0.0004 2.00 5000 93.17 19.97

MET-LC-Q  Trifloxystrobin 0.0004 2.00 5000 95.80 20.41

Bifenthrin 0.0005 0.70 1400 84.28 3.09

Boscalid 0.0010 0.01 10 93.73 5.93
CONSLUSION

A review of methods validation parameters confirms that mass spectrometry-based
methods combined with the two established QUEChERS sample preparation procedure
variations have satisfactory selectivity and sensitivity for the analysis of pesticides in complex
samples such as fruits. Pre-defined amounts of the d-SPE sorbents, widely used for fruits
sample clean-up, did not completely remove the co-extractives (pigments, acids). This has
probably affected pesticides response in sample extracts, since significant alterations have
been observed — positive and negative matrix effect in GC-MS and LC-MS/MS analysis,
respectively. Additionally, acetate buffered QUEChERS resulted in half-aqueous extract,
requiring an additional step of extract carrier exchange prior to GC-MS analysis. Both
methods have limits of detection lower than the established MRLs, but MET-LC-Q method,
combining citrate buffered QUEChERS and LC-MS/MS analysis resulted in higher analytes
recovery and better repeatability than MET-GC-Q method, suggesting the superior accuracy.
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Abstract

Stability of pesticide stock solutions used in pesticide residue analysis is crucial for accomplishing
reliable data on pesticide presence and quantification in actual samples. This study was conducted to
determine pesticides solution stability during a chosen storage period. The investigation included nine
pesticides  (fluazifop-p-butyl, S-metolachlor, chlorpyrifos, alpha-cypermethrin, bifenthrin,
difenoconazole, pyriproxyfen, buprofezin and dimethoate) and two storage solvents of different
density, kept for 34 days in refrigerator at 4°C. During this period, a decline in pesticide response is
observed. For most pesticides, visible decline was observed after the first 6 or 12 days of storage, after
which the decline was less pronounced or not observed at all in the solvent of higher viscosity.
Although the stability of pesticide stock solutions is affected during storage, high density solvents can
moderate the degradation rate.

Keywords: ethanol, cyclohexanol, storage.

INTRODUCTION

Pesticide residue analysis is essential in the evaluation of human and environmental
exposure to pesticides. To accomplish reliable data on pesticide presence in the sample and
their quantification, laboratories should regularly check the stability of stock standard
solutions and replace them which is time-consuming. Factors that can affect pesticide storage
stability include storage temperature, storage period, pesticides physical and chemical
properties and in particular matrix properties [1]. The aim of the study was to evaluate
pesticides degradation rate stored in ethanol and in cyclohexanol. Cyclohexanol has about 40
times higher viscosity than ethanol and a melting point at 26°C. When stored at low
temperatures, cyclohexanol reaches a solid gel-alike state. Consequently, it was assumed that
pesticides should degrade less when stored in such solvent, due to a limited mobility of
molecules. The study was investigated with nine pesticides of different chemical classes.

MATERIALS AND METHODS
Chemicals

Cyclohexanol (99% purity) and analytical standards of nine pesticides i.e.,
fluazifop-p-butyl, S-metolachlor, chlorpyrifos, alpha-cypermethrin, bifenthrin,

difenoconazole, pyriproxyfen, buprofezin and dimethoate were produced by Sigma-Aldrich,
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USA. Formic acid (FA) (98%) and quinoline (98%) were produced by Sigma-Aldrich®,
Germany. Ammonium-formate (AMF) (98%) and deionized water were produced by Carlo
Erba, Italy. HPLC grade ethanol and methanol (MeOH) were produced by J.T. Baker, USA.

Samples preparation

Pesticides analytical standards were dissolved in ethanol to a final concentration of
100 pg mL™. Two types of single pesticide working solutions were prepared; one type was
ethanol, and another was cyclohexanol solution. Each solution type was prepared in 10
replicates with final concentration of each pesticide equal to 10 pg mL™. Each standard also
contained 1 pg mL™ of internal standard (quinoline) used for the correction of any instrument
variation.

Appliances

For high purity standards weighing procedures analytical balance Sartorius BP110S,
Germany was used. Nitrogen (99%) was supplied by nitrogen generator PEAK N32
Scientific, Scotland, UK.

Instruments and instrumental parameters

Instrumental analysis was performed on LC/MS system comprising of Accela autosampler
and Accela MS pump (Thermo Fisher Scientific, USA) and TSQ Quantum Ultra mass
spectrometer (Thermo Finnigan, USA) with ESI ionization source and triple quadrupole
analyzer. Analytes were separated on a Hypersil GOLD column (Cig, 150 mm x 2.1 mm,
particle size 3 um), ionized in ESI+ ionization mode and monitored in MS* full scan mode
(scan range m/z 150-600, 3 micro scans, scan time 1s). Data was acquired and analyzed by
Quantum Tune Master software, version 1.4.1.

Ten microliters of sample were loaded on column in partial loop injection mode and eluted
with a mixture of: eluent A (buffer solution - 0.1% of FA and 0.03% of AMF in water) and
eluent B (MeOH) following the gradient: 0 min (50% A), 0-12 min (35% A), 12-13 min
(20% A), 13-15 min (20% A), 15-16 min (0% A), 16-19 min (0% A), 19-20 min (50% A),
20-25 min (50% A) with flow equal to 200 pL min™. lon optic parameters were optimized
according to each pesticide pseudo-molecular ion. Tuned ion source parameters that meet
good detectability for all pesticides, selected for the analysis were as follows: spray voltage
was 4000 V, sheath/auxiliary gas pressures were 30/10. The capillary temperature and offset
voltage were set at 270°C and 35 V, respectively. Tube lens offset voltage was 140 V.

Methodology

Solutions were analyzed freshly prepared (0 days of storage) and in regular intervals — after
2, 6,12, 19, 26 and 34 days of storage. Chromatographic peak areas of pesticides, normalized
to that of quinoline, were measured each time; any variability (decrease) in chromatographic
peak area was assumed to be related with pesticide loss during storage and thus to the
decrease in pesticide amount in the solution.
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Figure 1 Ethanol (left) and cyclohexanol (right) standard pesticide solution after being stored at low
temperature (4°C)

RESULTS AND DISCUSSION

Each type of pesticide standard experienced analyte loss during storage. For 5 of 9 analytes
the amount decreased exponentially, for the other 4 it decreased linearly (Table 1). Over 34
days of storage amount of fluazifop-p-butyl, bifenthrin, pyriproxyfen, buprofezin and
dimethoate decreased exponentially in both ethanol and cyclohexanol solution (Table 1).
Continual moderate decline over the total period was observed for fluazifop-p-butyl,
bifenthrin and pyriproxyfen in both types of the solution. Continual loss of buprofezin was
observed over the total period only in ethanol, while the loss in cyclohexanol was observed in
the first 6 days of storage, after which there was no change in pesticide amount. Dimethoate
loss was more pronounced in the first 12 days of storage in both types of the solution, after
which the decline rate dropped in ethanol and stopped in cyclohexanol solution. Fluazifop-p-
butyl, bifenthrin, pyriproxyfen, buprofezin and dimethoate amount decline rate was always
higher in cyclohexanol than in ethanol. The percentage of the total pesticide loss after 34 days
of storage in cyclohexanol ranged from ~30% (buprofezin) to ~85% (dimethoate) (Figure 2).
The percentage of the total pesticide loss after the same storage period in ethanol ranged from
~30 % (fluazifop-p-butyl) to ~65 % (dimethoate) (Figure 2).

# Cyclohexanol solution ® Ethanol solution

Dimethoate |y —
Buprofezin —
Pyriproxyfen |y —

Difenoconazole I —
Bizerittrin (N e——"
alpha-cypermethrin _—
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S-metolahlor L ——
Fluazifop-p-butyl ——

=
(=]
=
N
=
=23
L=
oo
=
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Percentage of drop in pesticide amount in standard solutions after storage
Figure 2 Percentage of drop in pesticides amount in single pesticide solutions prepared in ethanol
and cyclohexanol stored for 34 days
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Over 34 days of storage amount of S-metolachlor, chlorpyrifos, alpha-cypermethrin and
difenoconazole decreased linearly in both ethanol and cyclohexanol solution (Table 1).
S-metolachlor and chlorpyrifos amount declined faster in the first 12 and 6 days of storage,
respectively in both solution types. Over that period, the decline rate was about 3 times
(S-metolachlor) and 7.5 times higher (chlorpyrifos) in ethanol than in cyclohexanol solution,
respectively. The decline rate of alpha-cypermethrin was slightly higher in ethanol solution,
leading to a complete pesticide loss after 19 days of storage. In cyclohexanol solution
pesticide amount continued to decline with lower rate than in the first 19 days.
Difenoconazole amount in cyclohexanol solution declined continually at the same rate. In
ethanol solution, however, the decline rate was the highest in the first 6 days of storage. In the
period between 6" and 19" day, it dropped by half. In the last days of the tested period
(19"-34™ day) the decline rate was ~7 times lower than in the first days of storage.
S-metolachlor, chlorpyrifos, alpha-cypermethrin and difenoconazole amount decline rate was
always higher in ethanol than in cyclohexanol. However, the total pesticide loss was always
higher in cyclohexanol than in ethanol solution, except for alpha-cypermethrin. The
percentage of the total pesticide loss after 34 days of storage in ethanol ranged from 17%
(difenoconazole) to 100% (alpha-cypermethrin) (Figure 2). The percentage of the total
pesticide loss after the same storage period in cyclohexanol ranged from ~75%
(S-metolachlor) to ~90% (difenoconazole and alpha-cypermethrin) (Figure 2).
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Table 1 Correlation between pesticides amount and instrumental response measured after the storage

Ethanol Cyclohexanol
Analyte Type of Correlation function The trend Type of Correlation function The trend
correlation correlation
Fluazifop-p-butyl exponential y=2x10% %1% 'R?=0.9094 Continual moderate exponential  y=5x10% %™ R?=0.9496 Continual moderate
(0-34d) decline over the entire (0-34d) decline over the entire
period period
S-metolachlor linear y=-6x10%x+2x10™ (0-12 d), Continual decline, linear y=-2x10%x+4x10°(0-12d),  Continual decline,
R?=0.9818 higher decline rate in R?= 0.9650 higher decline rate in
y=-2x10"x+1x10% (12-34 d), the first 12 days y=-3x10"x+2x10° (12-34 d),  the first 12 days
R%=0.9899 R?=0.9962
Chlorpyrifos linear y=-3x10"x+5x10% (0-6 d), Continual decline, linear y=-4x10°+5x10" (0-6 d), Continual decline,
R?=0.9530 higher decline rate in R?=0.9352 higher decline rate in
y=-2x10%+3x10°® (6-34 d), the first 6 days y=-7.2x10°x+3x107 (6-34 the first 6 days
R?=0.9536 d), R?=0.9918
Alpha-cypermethrin  linear y=-7x10%x+2x10° (019 d), Continual decline linear y=-5x10%+1x10° (019 d), Continual decline,
R?=0.9558 reaching zero after 19 R?=0.9827 higher decline rate in
n.d. (19-34 d) days of storage y=-3x10°x+2x10" (19-34 d), the first 19 days
R’=0.9760
Bifenthrin exponential y=2x10% 001X Continual moderate exponential  y=1x10% %™ Continual moderate
R?=0.9932 decline over the entire R?= 0.9551 decline over the entire
(0-34d) period (0-34d) period
Difenoconazole linear y=-1x10"x+8x10°%, (0-6 d) Continual decline over  linear y=-7x10%x+3x105, Continual decline over
R?=0.9973 the total period, with R%=0.9675 the total period with
y=-5x10%+8x10%, (6-19 d) decreasing rates; (0-34 d) the same rate
R?*=0.9814
y= -7x10%x+7x108, (19-34 d)
R%=0.9997
Pyriproxyfen exponential y=1x10%"%%% R?=0.9121 Continual moderate exponential  y=5x10%%% Continual moderate
(0-34d) decline over the entire R?= 0.9750 decline over the entire
period (0-34 d) period
Buprofezin exponential y=3x10%"%% R%=0.9536 Continual moderate exponential  y=8x10%"%% (0-6 d), Continual moderate
(0-34d) decline over the entire R?= 0.9946 decline in the first 6
period (0-34d) days, no change
afterwards
Dimethoate exponential y=1x10%97% (0-12 d), Continual decline, exponential  y=7x10%"¥% (012 d), Continual decline in

R?=0.9952
y=5x10%007% (1234 d),
R?=0.9828

higher decline rate in
the first 12 days

R?=0.9581

the first 12 days, no
change afterwards

59



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

CONCLUSION

In ethanol solution most stable pesticide was difenoconazole with % of loss equal to 17.
Fluazifop-p-butyl, bifenthrin and buprofezin experienced moderate loss in amount, with
percentage of loss ranging from 30—40%. The other 5 pesticides experienced significant loss
in amount ranging from approx. 45% (S-metolachlor) to 100% (alpha-cypermethrin). In
cyclohexanol solution the most stable pesticide was buprofezin with % of loss equal to 33.
Other pesticides experienced significant loss in amount ranging from 55% (fluazifop-p-butyl)
to 90% (alpha-cypermethrin). Similar storage stability was observed in both solvents,
however, for several analytes the storage in higher viscosity solvent moderated the
degradation rate.

ACKNOWLEDGEMENT

This work was supported by the Ministry of Education, Science and Technological Development of
the Republic of Serbia (contract numbers 451-03-66/2024-03/200124 and
451-03-65/2024-03/200383).

REFERENCES
[1] Bian Y., Liu F., Chen F., et al., Food Chem. 250 (2018) 230-235.

60



318! International Conference Ecological Truth

0
& qg l E R ,: 24 & Environmental Research
A 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

www.eco.tfbor.bg.ac.rs

TRIHALOMETHANES CONTENT IN HOTEL'S SWIMMING POOLS WATER IN
A SOUTH OF MONTENGRO

Milena Tadiél, Irena Nikolic’l, Dijana Durovic’z’s*, Nevena Cu paraz, Jelka Vukovi¢?

YUniversity of Montenegro, Faculty of Metallurgy and Technology, DZordza Vasingtona bb,
81000 Podgorica, MONTENEGRO

’Institute of Public Health of Montenegro, Dzona Dzeksona bb,
81000 Podgorica, MONTENEGRO

3Faculty of Food Technology, Food Safety and Ecology, University Donja Gorica, Oktoih 1,
81000 Podgorica, MONTENEGRO

“dijana.djurovic@ijzcg.me

Abstract

This paper aimed to investigate the content of trihalomethanes (THMs) in swimming pool waters in
coastal area of Montenegro since THMs content is one of the main indicators of pool water quality.
The both, indoor and outdoor swimming pools were considered. The content of total THMs in all
water samples of indoor pools was below the maximum allowed concentration of 100 ug/L prescribed
by Montenegrin legislation while content of total THMs in the waters of outdoor pools exceeded the
maximum allowed concentration in 27% of the tested water samples. Chloroform, mainly contributed
to the total THMSs content in waters of swimming pool waters followed by BDCM and DBCM.

Keywords: trihalomethanes, chloroform, bromodichloromethane, dibromochloromethane.

INTRODUCTION

Disinfection by-products are toxic and carcinogenic compounds, and their formation
occurs through the reaction between the disinfectant and organic compounds present in the
water. Trihalomethanes (THMs) are the most common disinfection by-products that can be
found in drinking water, but also in swimming pool water as chloroform,
bromodichloromethane (BDCM), dibromochloromethane (DBCM) and tribromomethane
(bromoform) [1]. The formation of disinfection by-products depends on a number of factors,
such as: temperature, pH, contact time, inorganic and organic compounds present in the
water, the type of organic matters and the concentration and type of added disinfectant [2]. Of
course, it is quite clear, when the pools have more users, THMs concentration is higher, due
to a increased burden of organic compounds. This indicates that the user's organic matter
contributes to the formation of THMs. Value of pH is also very important factor that
influencing the THMs content in pools water. It has been reported that the formation of THMs
increases in pools with a pH>7.2 [3]. In most countries, THMs are the only disinfection
by-products that are included in the list of substances whose presence in drinking water must
be controlled and for whose concentrations maximum allowed concentrations are prescribed.
The World Health Organization (WHO) [4] recommends maximum permissible values of
100 ng/1 for total THMSs, which is also transposed in Montenegrin legislation [5], and also for
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each THMs compound, namely, 80 pg/l for chloroform, 60 pg/l for BDCM and 100 pg/1 for
DBCM.

MATERIALS AND METHODS

Sampling and analysis

For the purposes of this work, a total of 23 water samples from indoor and 74 water
samples from outdoor hotel pools from 6 municipalities in the southern part of Montenegro

(Herceg Novi, Kotor, Tivat, Budva, Bar and Ulcinj) were examined in the period from June to
September 2022.

Sampling of pool water was done using glass bottles with a capacity of 1 L, and for total
THMs content glass vessels with a cap (Winkler bottles/vessels) with a capacity of 100 to
150 ml, were used. For the purposes of sampling, the Winkler vessel was immersed in a pool
to a depth of about 30 cm. The vessel was filled to the top, then removed from the pool and
closed tightly with a stopper, so that the water was forced out to remove air bubbles. The
samples were stored at room temperature. THM in water samples were analysed by GC/ECD
with Head Space (Agilent 7890).

RESULTS AND DISCUSSION

The concentrations of the four analysed THMs: chloroform, bromodichloromethane
(BDCM), dibromochloromethane (DBCM) and bromoform, detected in the samples of indoor
and outdoor swimming pools of hotel complexes from six municipalities in the Montenegrin
coast, are given in Figure 1 and 2. The concentrations of total THMs were in the range of 0.91
to 93.80 pg/L in indoor swimming pools and from 2.19 to 237.18 pg/L in outdoor swimming
pools. The average values of THMs content in indoor and outdoor swimming pools were
39.31 pg/L and 67.96 ng/L, respectively. It is evident that the values of total THMs in indoor
swimming pools water (Figure 1a) did not exceed the maximum allowed concentration of
100 pg/L prescribed by Montenegrin legislative [5], while in the samples of outdoor pools
water total THMs content exceeded values of the maximum allowed concentration in 20 of 74
tested samples (Figure 2a). Evaluation of individual THMs content in swimming pools water
indicated the highest content of chloroform, flowed by DBCM, BDCM and bromoform for
both, outdoor and indoor swimming pools water which is in accordance with the literature
data [6]. Bromoform was detected in negligible concentrations only in a 2 water samples from
indoor and 9 water samples from outdoor pools, while in other samples it was below the
detection limit, so the content of bromoform was not considered in this paper.

Chloroform contributes to total THMs content with 87% in the indoor pools (Figure 3) and
86% in the outdoor pools water (Figure 4). Chloroform concentration in indoor pools water
ranged from 0.44-87.35 pg/L (Figure 1b) with a mean value of 34.18 pg/L, while in outdoor
pools water the chloroform content ranged from 1.13-217.16 pg/L (Figure 2b), with a mean
value of 58.69 pg/L. The values of chloroform that exceeded the value of 80 ug/L prescribed
by WHO [4] value was detected in several water samples (1 samples of indoor pool waters
and 19 samples of outdoor pool water) (Figures 1 and 2). As for the content of BDCM and
DBCM, they contribute to the total THMs content with 10% and 3 %, respectively for indoor
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pools water (Figure 1) and 10 and 4%, respectively for outdoor pools water. The average
content of BDCM and DBCM in indoor pool water samples were 3.93 ng/L and DBCM

1.10 pg/L, respectively and 6.95 pg/L and 2.40 pg/L, respectively for outdoor pools water.

The concentrations of these two THMs were below the maximum permissible concentrations

recommended by the WHO, of 60 pg/L for BDCM and 100 pg/L for DBCM [4].
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Figure 3 Contribution of individual THMs to total content of THMS for indoor pool waters

’
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Figure 4 Contribution of individual THMs to total content of THMS for outdoor pool waters

CONCLUSION

The content of total THMs in all samples of indoor swimming pools water was below the
maximum allowed concentration of 100 pg/L prescribed by Montenegrin legislation. On the
other hand, the content of total THMs in outdoor swimming pool waters exceeded the
maximum allowed concentration in 20 of 74 tested samples. This data is not unexpected,
because the sampling was carried out in a summer touristic period, when number of
swimmers in outdoor pools is increased, and therefore the concentration of undesirable
organic substances that serve as precursors for the formation of THMs, increased as well.
Chloroform was the most abundant in total THMs content in both, indoor (87%) and outdoor
swimming pools water (86%), followed by BDCM and DBCM.
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Abstract

The white bream (Blicca bjoerkna) is a common fish species in the Danube and is therefore suitable
for biomonitoring studies. In this study, the activity of superoxide dismutase and catalase is
investigated to evaluate the response of these two biomarkers in the liver of white bream. The fish
were collected in the Danube River (Serbia) at two sites with different levels of anthropogenic
pollution. The average values of the measured enzymes with a statistical significance of p<0.05 were
higher at the Visnjica site than in the protected area “Veliko Ratno ostrvo”. The results indicate that a
certain level of oxidative stress occurred in the fish from Visnjica, suggesting the presence Of
xenobiotics at this site that stimulate antioxidant enzymes.

Keywords: white bream, liver, antioxidant enzyme.

INTRODUCTION

Rapid urbanization and industrialization produce numerous pollutants and their derivatives
that are released into the environment. Both organic and inorganic substances are found in
wastewater and threaten the aquatic environment and the communities living in it [1].

Fish are at the top of the aquatic food chain and are important bioindicators for monitoring
the aquatic environment [2]. The effects of fish exposure to sub-lethal levels of pollutants can
be measured by their biochemical, physiological or histological responses. Environmental
pollutants that accumulate in fish tissue can lead to reactions in the body that generate free
radicals. When the formation and accumulation of free radicals exceeds the ability of the
organism to remove the excess, oxidative stress occurs [3].

Organisms have an antioxidant protection system consisting of enzymatic and non-
enzymatic components. This system keeps the level of free radicals at a physiological level
and mitigates the harmful effects of their high concentration. Fluctuations in the activity of
protective antioxidant enzymes have been proposed as biomarkers of oxidative stress caused
by the presence of environmental pollutants. Since the response to oxidative stress is directly
related to cell function, biomarkers can indicate the state of environmental pollution [4].

The fish liver is the main detoxification organ and the effects of prolonged exposure to
pollutants can be seen at the cellular and tissue level. It is also one of the most affected organs
in contaminated waters, but also plays an important role in the physiology of fish [5].
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The aim of this study was to investigate whether untreated wastewater from the city of
Belgrade can cause oxidative stress and damage in fish from the Danube. To assess the effects
of pollution, the activities of the enzymes superoxide dismutase (SOD) and catalase (CAT) in
the liver of white bream (Blicca bjoerkna) from the two sites Veliko Ratno ostrvo (VRO) and
Visnjica (VIS) were analyzed.

MATERIALS AND METHODS

Sampling sites

The white bream was caught at two sites in the Belgrade section of the Danube in April
2021. The first site, VRO, is a protected area with no visible sources of pollution and the
second site, VIS, is a polluted area with a marina for recreational boats. During the fish
collection, some physico-chemical parameters of the water were measured at two sampling
sites (Table 1).

Table 1 Values of some physicochemical parameters in Veliko Ratno ostrvo (VRO) and Visnjica (VIS)
on the day of fish collection in situ
Physicochemical

VRO VIS
parameter
Temperature (°C) 9.3 10
pH 8.1 8.3
Dissolved O, (mg ) 9.7 9.8

The adult fish (n=7 per sampling point) were transported to the laboratory on the same day
in ice-cold containers (0-4°C). The fish were dissected and the livers were quickly removed
(Figure 1) and stored at -80°C until enzyme measurement.

Figure 1 The whole body of the white bream (B‘Iicca bjoerkna) and its excised liver

Antioxidant enzyme measurement

Liver tissue from each fish (100 mg from each liver, n=7) was minced and homogenized in
5 volumes of 25 mmol L™ sucrose with 10 mmol L™* Tris—=HCI, pH 7.5, using an IKA-Werk
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Ultra-Turrax homogenizer from Janke & Kunkel (Staufen, Germany) [6] and sonicated for
15 s at 10 kHz on ice [7]. Sonicates were centrifuged at 100,000 x g for 90 min at 4°C.
Protein content and enzyme assays were performed on the supernatant fraction.

Protein content was determined using the Folin—phenol reaction as described by Lowry et
al. [8], using bovine serum albumin as a standard. The activity of SOD was determined by the
epinephrine method [9]. One unit of SOD activity was defined as the amount of protein
causing 50% inhibition of the autoxidation of epinephrine and was expressed as U/mg protein.
Catalase activity was assessed by the rate of degradation of hydrogen peroxide (H,O;) [10].
The method is based on H,0, degradation by the action of CAT contained in the samples
tested. In this method, 50 mM phosphate buffer (pH 7.0) and 30 mM H,O, were used as
substrate. The activity was expressed as pmol H,O,/min/mg protein.

Statistical analyses

The Kolmogorov-Smirnov test and the Levene test were used to determine the normality of
the data and the homogeneity of the variances. Significant differences were analysed using
one-way ANOVA and the Tukey HSD comparison test, with p<0.05 considered significant.
All analyses were performed using SAS 9.1.3 software (SAS Institute, Cary, NC, USA).

RESULTS AND DISCUSSION

The physico-chemical parameters of the water samples from two sites (Table 1) varied
within narrow ranges. The specific activities of the investigated antioxidant enzymes in the
liver of B. bjoerkna from the Danube are shown in Figure 2.

The superoxide dismutase and CAT activities were statistically significantly higher in the
VIS fish than in the VRO fish. A more pronounced significant difference (p<0.001) between
the two groups was observed in liver SOD activity (Figure 1a) relative to liver CAT activity
(Figure 1b). Superoxide dismutase and CAT represent the first line of defence in the process
of neutralizing free radicals. Superoxide dismutase catalyses the conversion of the superoxide
anion to O, and H,0,. The effectiveness of SOD as an antioxidant is based on its cooperation
with other enzymes: CAT, glutathione peroxidase and glutathione reductase. Catalase is often
one of the first antioxidant enzymes to be activated. It breaks down H,0, into O, and water. It
has already been shown that an induced increase in CAT and SOD activity leads to a
reduction in both free radicals and oxidative damage [11]. Alternatively, the relatively high
CAT activity in the liver (~30-fold higher than SOD activity) in the VRO individuals could
indicate a durable protection against the cytotoxic effect of H,O,.

In the present study, the significant increase in the activities of SOD and CAT enzymes in
fish from the VIS area could be related to pollutants that increase the production of free
radicals, leading to oxidative stress. Normally, a simultaneous induction of SOD and CAT
activities is observed when exposed to pollutants [12]. Since the VIS site is exposed to the
discharge of the largest wastewater collector in the city of Belgrade [13], higher activity levels
of SOD and CAT were observed at this site, suggesting a “cooperative” mechanism of the two
enzymes. However, this relationship is not always observed and is known to be species-
dependent [14].
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Figure 2 a) Activity of superoxide dismutase — SOD; b) catalase - CAT in the liver of white bream
(Blicca bjoerkna) from Veliko Ratno ostrvo (VRO) and Visnjica (VIS). Data are presented as
mean + SD (n=7 for each site). Significant differences between the VRO and VIS samples were
calculated by one-way ANOVA and marked with an asterisk, *p<0.05;***p<0.001

As the changes in the cell antioxidant defenses reflect the exposure to contaminants and/or
their toxicity, all of them may be useful biomarkers in monitoring aquatic ecosystems [15].
Various xenobiotics which are discharged daily into water bodies can induce free radicals
production in fish, consequently, a response of antioxidative defenses [16]. When the free
radicals production exceeds the basal cell levels and surpassed the defense capacity of the cell
the oxidative stress occurs [17]. Several classes of pollutants are capable of enhancing the
formation of free radicals and thereby provoke oxidative stress. Some of these pollutants
include polychlorinated biphenyls, polycyclic aromatic hydrocarbons, phenols and heavy
metals [18].

CONCLUSION

The results of this work show that pollution of the aquatic environment leads to a change in
the physiological response of fish. This is reflected in the increase in SOD and CAT activities
at the VIS site and confirms that this site is under anthropogenic pressure. The presence of
certain pro-oxidant pollutants that may lead to oxidative stress in the fish at the VIS point and
the biomarkers of oxidative stress may be important to evaluate the impact of untreated waste
on living organisms in the Danube.
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Abstract

Degraded areas were formed by depositing flotation tailings at the location of RTH near Bor, in
Serbia. The final conture of the flotation tailings was projected, and it is at the elevation K +390 m
above sea level. In order to protect the environment, protection measures are taken at the flotation
tailings by recultivation of all degraded areas. For this purpose, an analysis will be performed to
determine the optimal method of recultivation. In order to prevent air pollution and erosion of tailings
material through torrents and its transport to the surrounding land, special attention is paid to the
possibility of afforestation and greening of degraded areas by deciduous and coniferous species. In
this way, i.e. by applying biological reclamation, seedlings of birch, and juniper, are planned. The
alternating combination of these plant species enables the binding of the substrate and gives a
beautiful aesthetic appearance to the environment.

Keywords: recultivation, degraded areas, afforestation and greening.

INTRODUCTION

The RTH (Mine body H — Rudno Telo H) flotation tailings pond (Figure 1) 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 1). Downstream,
the valley of the Bor river is blocked by dam 2 (Figure 1). 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 perimeter embankment has been erected.

The general characteristics of the soil of the flotation tailings in the area of Bor are lighter
mechanical composition, degraded structure, high porosity and water permeability, mostly
low humus content, dominance of fulvic acids over humic acids, low pH, high hydrolytic and
exchangeable acidity of the soil and lower cation exchange capacity, high concentrations of
arsenic (As) and copper (Cu) and low microbiological activity.

Compared to natural soils, the characteristic of flotation tailings soils is that they have a
significantly lower content of the clay fraction, worse structural characteristics, lower cation
exchange capacity values, lower humus content and less favorable humus absorption
(dominance of fulvic acids over humic acids).
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Based on the analysis of the flotation tailings, several conclusions were reached [1]:

e At dams 1 (one) and 2 (two) and the perimeter embankment of the RTH flotation
tailings, uniform technogenic material prevails. Morphologically, this material consists
of fine sand. This type of substrate conditions a poor water-air regime for plant
development.

e In certain places on the dam where the sulfur sulfide oxidation processes have not
progressed, the flotation tailings have a pH value of around 6. This flotation material
has a neutral reaction with high values of active phosphorus and a complete lack of
potassium.

¢ In the places where the oxidation of sulphur to sulphide took place the pH value of the
substrate is about 3.

e The lack of clay particles with organic matter in the flotation tailings makes the
substrate unfavorable for self-renewal and the development of plants on it. Particles of
clay and humus in the flotation tailings serve to activate the work of the soil microflora
and initiate the pedological processes of creating humus and accessible elements of
plant nutrition. For these reasons, soil material rich in humus is added to the substrate.

e By introducing organic matter into the substrate in the form of humus, the
microbiological process is accelerated and a continuous flow of plant assimilates is
enabled for the development of grass cover and bushy types of plants foreseen by
biological recultivation.
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Figure 1 Spacial representation of the location of the flotation tailing RTH

DEGRADED AREA

The new project addresses the elevation of the dam from elevation K+378 to elevation
K+390. Based on the projected state of the flotation tailings, with an elevation up to K+390,
the surface area of the flotation tailings RTH, which will be treated by recultivation, was
measured (Table 1). Total degraded area projected for recultivation is 551.200 m?.
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Table 1 Degraded areas

. Area, m?

Area object
Flat Slope
K+385 — beach 414.000
K+390/385 — internal slope 25.700
K+390 — kruna brane 16.800
K+390/378 — spoljasnja kosina brane 94.700
430.800 120.400

Total 551.200

CHOICE OF RECULTIVATION METHODS

Due to the condition of the surfaces after the disposal of the flotation tailings and the
specific pedological, microclimatic and climatic conditions, for the recultivation of the RTH
flotation tailings, optimal recultivation with grassing is foreseen.

Based on the physical and chemical properties of the flotation deposol, the shape of the
surfaces of the hydrotechnical facilities at the RTH flotation tailings pond and the preparation
of the surfaces using the technical phase of reclamation, the biological phase of reclamation
comes into consideration, namely:

e Weeding on the outer slopes of the dam;

e On the crown of the dam, afforestation and grassing;

e On the inner slopes of the dam, alternating belts of grass and shrub vegetation;
e Weeding and afforestation on dried areas of the storage area (beaches);
Reclamation works consist of two phases:

1. Technical phase of reclamation,

2. Biological phase of recultivation.

The phase of technical reclamation consists of the planning of soil material on damaged
surfaces. The purpose of this layer - soil, is to cover the plateau, crown and slope of the
flotation tailings dam. Agrotechnical works include all works on the preparation of the
applied layer of soil for weeding.

The biological phase includes a complex of biotechnical and phytoremediation measures
on prepared surfaces in order to restore the phyto-ecosystem. The biological phase will
include grassing and afforestation of degraded areas.

SELECTION OF CULTURES FOR RECULTIVATION IN RELATION TO
NATURAL AND ECONOMIC CONDITIONS

Taking into account the factors that influence biological recultivation, and above all the
quality of the substrate (substrate), i.e. physico-chemical properties, habitat conditions and
exposure of the tailings to the south, then the continental climate and the high proportion of
winds from the WNW and NW, a combined method of afforestation was chosen and weeding
of the flotation tailings pond. The choice of plant species was also limited.
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Based on the above, the project seeks to favor the ecological functions of future forest-
meadow ecosystems through biological recultivation. The mentioned future anthropogenically
created ecosystems should provide a relatively healthy environment with healthy air, aesthetic
impressions of landscape units with a rich color of grouped mixed different types of
deciduous trees.

The characteristics of flotation tailings-flotisol are such that it has unfavorable chemical
properties because it lacks clay particles and organic matter, which would activate the work of
soil microflora and initiate pedological processes and the initial creation of humus, as well as
providing accessible nutritional elements.

Acidic soil increases the mobility of heavy metal ions and their accumulation in plants in
an amount greater than allowed. For a pH<6.5 in the soil, the mobility of Cd ions increases
[2]. For pH<5.5, the mobility of Ni, Mn, Zn, Co and Al ions increases, while for pH<4, the
mobility of Cu and Pb ions increases [2].

For these reasons, high-quality soil humus material is necessary on the degraded surfaces
of the flotation tailings, i.e. the application of the technical and agrotechnical recultivation
phase, which has the task of forming a layer by applying a cover (soil material) at a height of
0.5m.

TECHNICAL RECULTIVATION

As part of the technical reclamation, in order to ensure the execution of the works, several
operations will be carried out, namely:

1. leveling degraded surfaces,

2. planning of soil material according to projected areas,

3. agrotechnical works.

BIOLOGICAL RECULTIVATION

The biological phase of optimal recultivation is the application of phytomelioration
measures on the previously prepared soil substrate (degraded surface) in order to establish and
survive vegetation for the later formation of a stable ecosystem. The greening of the degraded
area has primarily the role of environmental protection, and at the same time contributes to a
better appearance of the environment and a better microclimate of the area.

A biological method of recultivation will be applied for the greening of degraded areas at
the site in question, namely:

1. Sowing a mixture of grasses 49 kg/ha: Red fennel (50%), English rye (35%), Yellow

star (10%), White clover (5%)
2. Woody plants: Betula alba L. (birch) — a total of 47,974 seedlings, Acer campestre L.
(juniper) — a total of 4787 seedlings.

On the outer slope of the flotation tailings pond, only grass is planned. It will be done
using hydroseeding. The other areas will be grassed using agricultural machinery. After
weeding, the next phase is afforestation.
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The planting of trees, chub, on the internal slopes of the dam will be done according to a
triangular scheme at a distance of 3 m between the seedlings. This means that about 1100
seedlings can be planted on one hectare. The planting of trees on the crown of the dam will be
done in two rows, with a space of 4 m wide for the road, 6 m between these rows. Birch
seedlings are planted at a distance of 3 m. The total number of seedlings per hectare is about
1100.

For the beach of the flotation tailings, afforestation was designed according to a mosaic
layout. At the same time, birch and chub are planted according to a square pattern at a
distance of 3 m between the seedlings. In this way, about 96% of the area will be forested,
while the rest will be the space reserved for the road (4%) for the passage of machinery.

Works on the formation, i.e. the raising of green areas on the beach consists of the
formation of individual mosaics that will consist of shrubby and woody plants. Woody plants
(birch) will be used within one mosaic. Planting will be done two meters from the edge at a
distance of 3 m between seedlings (square scheme). In this way, about 1100 seedlings will be
planted per hectare. Seedlings aged 2+1 will be used for planting.

Bushy vegetation (clump) will be used for roundabouts. Planting will be done two meters
from the edge at a distance of 3 m between seedlings (square scheme). In this way, about
1100 seedlings will be planted per hectare. Seedlings aged 2+1 will be used for planting.

CONCLUSION

The goal of recultivation of flotation tailings is to restore the ecological integrity of
disturbed areas. Revegetation is the most widely accepted and useful way of recultivating
mining facilities in order to reduce material erosion and protect the soil from degradation.

The same must be done with plants selected based on their ability to survive and
regenerate in the local environment, and on their ability to stabilize the soil structure.

The success, efficiency, and recultivation of flotation tailings are conditioned by the
correct determination of the chemical, physical and biological properties of the soil.

Compaction, low water holding capacity, bulk density, lack of micro and macro nutrients
and associated rooting limitations are the main factors limiting tailings productivity. Also, a
high level of potential acidity (low pH) severely limits the productivity of the tailings pond.
The acidity of tailings requires the planting of metal-resistant plants, which can grow in
nutrient-deficient soils with elevated metal content. Planting different types of grasses, trees,
which are rotated with legumes and indigenous species due to their adaptation to the lack of
nutrients and fast-growing properties, will allow soil fertility to be restored and ecological
succession to be accelerated.

The specificity of man-made soils is the irregular distribution of some characteristics by
soil depth (porosity, humus content and microbiological activity), which is a consequence of
their man-made origin.

The recultivation of degraded areas at the RTH flotation tailings is aimed at preserving the
environment, and with the application of the foreseen technical and biological measures, good
results can be expected despite the unfavorable basic substrate. In this case, no economic
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profit is expected from the plantations, but only the protection of damaged soil from erosion
and the improvement of the microclimate. In addition, the root system of seedlings and leaves
that fall and rot on degraded surfaces will initiate pedological processes in the direction of
humus creation.
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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.
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Figure 1 Potential effects of mining and imbalance in different environments [10]

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].

Emf'm[{n—nni vi-s’po&.t

ik
' Landslides

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.

war " o ¥ % 4

Figur 3 Spacil representation of the location of the flotation tailing 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.

208

Google Earth

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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Abstract

Microbiologically influenced corrosion was recognized in the mid-20" century, but the study of
corrosion influenced by microorganisms (prokaryotes) is relatively new compared to other research.
Microbiologically induced corrosion (MIC) can manifest in diverse environments, extending beyond
aqueous conditions to thrive even in humid atmospheres. Biofouling pertains to the adhering of
biological matter (including bacteria, algae, and various microorganisms) on surfaces submerged in
water. In groundwater settings, biofouling manifests when these organisms attach to well screens,
pipes, and other infrastructure components. This buildup can restrict water flow, reduce well
efficiency, and deteriorate water quality, affecting overall groundwater utilization. By simultaneously
applying a system of six types of bioactivity reaction tests (BART biotests), the biochemical diversity
and estimated population size of ecological groups of bacteria participating in the transformation of
organic matter and redox-sensitive species were determined. These bacteria predominantly form
biofilms at the water-matrix interface, water-metal interfaces, and other surfaces. The goal was to
comprehensively assess the microbiological status of groundwater and detect the biochemical activity
of bacteria primarily posing risks for corrosion and biofouling processes on hydraulic structures,
which could also pose risks to public health. Conducted research indicated the existence of potential
for possible intensive and highly aggressive biofouling processes. The forecasted risk was in the range
of high risks for the development of corrosion processes.

Keywords: biofouling, groundwater, BART tests, wells.

INTRODUCTION

Corrosion is an electrochemical process consisting of an anodic reaction involving the
ionization (oxidation) of the metal (corrosion reaction) and cathodic reactions based on the
reduction of chemical species. These reactions can be influenced by microbial activities,
especially when organisms are in close contact with the metal surface and form a biofilm. The
result of microbial biochemical activity is the degradation of metal known as
Microbiologically Influenced Corrosion (MIC). Microorganisms involved in the biocorrosion
of metals such as iron, copper, and aluminium, and their alloys, are physiologically diverse.
Biocorrosion processes on metal surfaces are associated with the colonization of
microorganisms and the products of their metabolic activities, including enzymes,
exopolymers (slime), organic and inorganic acids, as well as volatile compounds such as
ammonia or hydrogen sulfide. Bacteria, with their activity and metabolic by-products, can
influence cathodic and/or anodic reactions, thus altering the electrochemistry at the
biofilm/metal interface. Various mechanisms of biocorrosion have been identified and
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recognized, reflecting the diversity of physiological activities performed by different types of
microorganisms [1-6]. Many contemporary studies focus on the corrosion of copper and
copper alloys under the influence of microbes, with particular attention given to sulfate-
reducing bacteria and metal-oxidizing bacteria that deposit metals (especially iron and
manganese) [2]. Based on numerous environmental and laboratory studies, the importance of
microbial consortia (community-associations) and the role of extracellular polymeric
substances (slime) in biocorrosion and biofouling have been emphasized [1-6]. It has been
noted that microbiological growth in the form of biofilm promotes biofouling. The presence
of biofilm can promote physicochemical reactions that are not typical for the given
physicochemical conditions. In both natural and artificial environments, corrosion occurs
when materials made of pure metals and/or their mixtures (alloys) undergo a chemical change
from the neutral-basic state to an ionic form.

The metabolic activity of analysed bacterial groups can cause biofouling and corrosion, as
well as turbidity, changes in taste, odor, and color, deteriorating the overall quality of raw
water. Through their biochemical-physiological capabilities, these bacterial groups participate
in the self-purification of groundwater and in biofouling processes on filters and in the filter
zone. The examined bacterial groups can also be the cause of corrosion on hydraulic elements
and structures beside leading to changes in overall water quality.

MATERIALS AND METHODS

In a one sampling campaign conducted in 2023, microbiological quality testing was
performed using a system comprising six types of bioactivity reaction tests (BART analysis)
on three groundwater samples: Bnl, Bn4, Bn6, all obtained from the Bn well zone. Sampling
of groundwater for microbiological analysis was carried out in accordance with the standard
SRPS EN 1SO 19458:2009, Water Quality - Sampling for Microbiological Analysis. Prior to
sampling, the piezometers were flushed with at least three water column changes using a
pump and an aggregate. Following the flushing of the piezometers and upon return to static
level, in situ measurements of temperature, dissolved oxygen content, oxygen saturation,
redox potential, specific electrolytic conductivity, and pH values were conducted using a
HACH probe. Samples were collected in sterile 500 mL bottles using a sterile metal sampler
with a cord.

By simultaneously applying a system of six types of BART biotests, the biochemical
diversity and estimated population size of ecological groups of bacteria participating in the
transformation of organic matter and redox-sensitive species were determined. These bacteria
predominantly form biofilms at the water-matrix interface, water-metal interfaces, and other
surfaces. The following BART tests were employed to detect the presence of: Iron-Related
Bacteria (IRB BART) for detecting iron-associated bacteria and certain enteric species
capable of iron deposition; Slime Forming Bacteria (SLYME BART) for detecting a wide
range of bacteria producing extracellular polymeric substances, predominantly biofilm-
forming, including enteric and opportunistic fluorescent Pseudomonas species; Sulfate
Reducing Bacteria (SRB BART) for detecting sulfate-reducing bacteria that generate biogenic
H,S and cause localized corrosion; Total Aerobic Bacteria (TAB) or Heterotrophic Aerobic
Bacteria (HAB BART) for detecting a broad range of heterotrophic aerobic and facultatively
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anaerobic bacteria, which contribute to biofilm formation and biofouling processes. An
excessive abundance of these bacteria may compromise water quality by causing turbidity,
changes in raw water organoleptic properties, and may pose risks to public health.
Denitrifying Bacteria (DN BART) for detecting denitrifying bacteria and assessing the
aquifer's potential for denitrification (nitrate removal), indicating organic pollution and
potential presence of pesticides and pathogenic species.

Results of the BART analyses were processed using BART-SOFT V.6 software designed
for this type of testing. The appearance and patterns of observed signature reactions and
metabolism products (turbidity, color, gases, fluorescence, precipitates) in each individual
biodetector were entered into the software application. The size of the population for each
tested bacterial group, aggressiveness, and calculated risks for corrosion, biofouling, and
health risks were assessed. During the lag period of sample incubation, lasting ten to fifteen
days, the analysis progress and reactions in biodetectors were observed daily, photographed,
and archived as photo documentation. The scale of estimated risks of corrosion and biofouling
is presented as numerical values ranging from 0 (no risk) to 9 (maximum risk).

RESULTS AND DISCUSSION

According to the results of BART biodetection, the biochemical diversity in groundwater
in the Bn zone included metabolic activity of iron-oxidizing, sulfate-reducing, heterotrophic
aerobic, and facultative anaerobic bacteria, fluorescent Pseudomonas species (Pseudomonas
aeruginosa), and aerobic and facultative anaerobic bacteria capable of producing extracellular
polymeric substances. Denitrification activity in groundwater in the Bn zone was not detected,
likely due to the suppression of nitrate reductase activity by sulfate-reducing bacteria (Figure
2).

The highest abundance and biochemical activity (aggressiveness) of bacteria were
observed in SLYM and HAB BART biotests (8810000 and 454000 pac/ml, equivalent to the
number capable of forming colonies). Specifically, a very high abundance of aerobic and
facultative anaerobic heterotrophs bacteria capable of synthesizing and secreting extracellular
polymeric substances (EPS) was detected compared to other tested groups, indicating a high
risk (potential) for biofilm development and somewhat lower than corrosion, both in the
aquifer matrix and on all metal surfaces (Figure 2). These bacterial groups also perform
biomineralization of organic matter and participate in its removal from groundwater, whereby
resulting degradation products can alter the primary water quality (e.g., changes in water pH,
CO;, content, and HCO3). The abundance of heterotrophic bacteria and bacteria excreting
extracellular polymers (mostly polysaccharides) is also important because opportunistic and
pathogenic species, protected within these groups of biofilms from predation and within
cooperative metabolism consortia of biofilm, persist longer in the environment.

The abundance of fermentation bacteria detected within the IRB BART system was also
high, with an average of 9000 presumed active cells per 1 ml. Fermentation bacteria can
participate in the transformation of iron (oxidation-reduction), and during incomplete
degradation of organic matter, they generate acidic products (e.g., organic acids and alcohols),
H+, and CO2, which can contribute to both iron deposition processes and accelerate corrosive
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processes on well metal structures and pipelines. Due to signature reactions indicating
possible presence of enteric and pathogenic species (e.g., appearance of blackening along the
entire length of the IRB BART detector reaction tube), it is necessary to conduct an analysis
of the sanitary-hygienic suitability of groundwater in the Bn zone.
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Figure 2 Relative abundance of tested bacterial groups (community structure based on abundance
and manifestation of biochemical capabilities) and terminal reactions in bart biodetectors in the Bn
zone

Sulfate-reducing bacteria were detected in all groundwater samples from observational
piezometers with a constant count of 115,000 presumed active cells per ml, indicating a
possible development of localized corrosion on well metal surfaces, equipment, and pipelines.
Sulfate-reducing bacteria, strict anaerobes, utilize sulfates as primary electron acceptors in the
degradation of organic matter, resulting in the production of H,S and thus contributing to the
unpleasant odour of groundwater. The metabolic versatility of sulfate-reducing bacteria in the
degradation of organic matter is important because they can perform fermentation and use
other electron acceptors besides sulfates. In the case they use nitrate, the product of this
transformation is ammonium ion. They can also use trivalent iron as an electron acceptor, thus
contributing to the increase in reduced iron content in groundwater. The activity of
hydrogenase enzymes in sulfate-reducing species Desulfovibrio vulgaris (Hildenl) is
regulated by the availability of Fe?*, offering another mechanism under which corrosion could
occur. Thus, the influence of dissolved iron on the development of corrosion processes under
the influence of SRB is a complex phenomenon. SRB can lead to corrosion of zinc and zinc-
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based alloys with sphalerite as a product, while the activity of SRB with lead carbonates leads
to the formation of galena (PbS). Biogenically produced sulfides pose health and safety
issues, are hazardous to the environment, and result in significant economic losses due to
equipment corrosion. These organisms can coexist in natural biofilms, often forming
synergistic communities (consortia) capable of influencing electrochemical processes through
cooperative metabolism not observed in individual species.

During microbiological analyses, within the SRB BART biotesting, subsequent generation
of substrate blackening along the tester was observed, indicating the activity of some
proteolytic species in H,S generation. The primary appearance of reactions around the
flotation ball in the SRB system, in groundwater samples in the Bn zone, indicates that
sulfate-reducing bacteria are active in the community with primarily aerobic heterotrophs and
producers of extracellular polymers and can cause sudden and dramatic drops in production of
extraction wells, primarily caused by corrosion and pump failure.

Based on observed signature biochemical reactions and the time of their occurrence in each
individual tester, using software BART Softv6, the population abundance of bacterial groups
was estimated, and predicted risks for biofouling and corrosion were provided (Figure 2 and
Table 1).

The software-calculated risk in the forecast of biofouling (biofilm formation) on a scale of
0-9 (from no risk to maximum risk) was >5 in all samples, suggesting possible intensive and
highly aggressive biofouling processes. The forecasted risk for corrosive processes was >7,
ranking in the range of high risks for the development of corrosion processes (Table 1).

Table 1 Software-predicted risks for corrosion and biofouling for each sample from the Bn zone

Piezometer Bnl Bn4 Bn6
The risk of corrosion 5.6 7.2 7.2
The risk of fouling 7.2 8.1 7.2

Several signature reactions within all applied tests may indicate the potential presence of
opportunistically pathogenic and enteric-type bacteria. Based on these identified reactions or
the absence thereof, the predicted health risk and the potential presence of pathogenic species
in the groundwater in the zone of the examined observational piezometers were moderately
high to high, ranging from 6.3 to 8.1 (HRaver-6.9).

CONCLUSION

The main groups of bacteria associated with the corrosion of cast iron and stainless-steel
structures are sulfate-reducing bacteria (SRB), sulfur-oxidizing bacteria, iron-
oxidizing/reducing bacteria, and manganese-oxidizing/reducing bacteria (IRB - iron and
manganese associated bacteria), bacteria emitting organic acids and exopolymers or slime
(EPS or slime-producing). It is known that some bacteria primarily adhere to corrosive
products and can be present in large numbers, even when they do not play any role in primary
corrosion processes, and some among them belong to the group of pathogenic bacteria.
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The conducted analysis of fouling and corrosion risk revealed a significant risk of intensive
and highly aggressive biofouling, with all samples indicating a risk level surpassing 5 on a
scale of 0-9. Moreover, the forecasted risk for corrosive processes exceeded 7, indicating a
substantial likelihood of corrosion development in the studied samples. These findings
underscore the importance of proactive measures to mitigate both biofouling and corrosion in
relevant systems.

REFERENCES

[1] Cullimore R., Water Well Biofouling, Diagnosis in Microbiology of Well Biofouling,
CRC Press, Boca Raton (1999), eBook ISBN9780203747247.

[2] Kosec T., Qin, J. Chen Z., et al., Corros Sci. 90 (2015) 248-258.
[3] Mohammadi A., Corbett T., French A., et al.,, ACS ES T Water 2 (4) (2022) 518-526.

[4] Singh K.S., Keevill B. Using The Well Fouling Index (WFI) in Microbiology of Well
Biofouling. CRC Press. (1999) eBook ISBN9780203747247.

[5] Wang R, Jones K.C., Zhang H., Environ. Sci. Technol. 54 (13) (2020) 7961-7969.

[6] Saraba V., Nikodinovié-Runi¢ J., Obradovi¢ V., et al., Proceedings of the 2" International
Conference on Chemo and Bioinformatics Kragujevac: Institute for Information
Technologies, September 28-29, Kragujevac, Serbia (2023) 186-190.

88



318! International Conference Ecological Truth

0
& qg l E R ,: 24 & Environmental Research
A 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

www.eco.tfbor.bg.ac.rs

EVALUATION OF CORROSION POTENTIAL USING PHYSICOCHEMICAL
WATER QUALITY ASSESSMENT

Vesna Obradovié¢', Marija Perovi¢'’, Jelena Leki¢*
Jaroslav Cerni Water Institute, Belgrade, Jaroslava Cernog 80, 11226 Belgrade, SERBIA
“marija.perovic@jcerni.rs

Abstract

To select an appropriate location for well installation, and to decide on its construction, materials,
operational regime, and the necessity for additional infrastructure such as drains, a comprehensive
assessment of water quality at the site of interest is imperative. Moreover, forecasting the water
quality under the anticipated operational conditions of the well holds even greater significance. Water
quality assessment including calcium saturation provides insights into the mineral content of
groundwater, which is essential for assessing water quality and optimizing treatment processes. By
understanding calcium saturation levels, appropriate corrosion control measures can be implemented
to mitigate these risks. Excessive calcium saturation and scale formation can impact aquatic
ecosystems by altering water chemistry and habitat conditions. Overall, understanding calcium
saturation in groundwater is very important for maintaining water quality, preventing infrastructure
corrosion, minimizing environmental impacts, and optimizing water treatment processes.
Subsequently, this discussion delves into an analysis of the findings derived from water quality testing
conducted at eight observation piezometers. With the aim of assessing the corrosivity of water and its
potential to form calcium carbonate scale the Langelier Saturation Index and Ryznar Stability Index
were calculated.

Keywords: Langelier Saturation Index, Ryznar Stability Index.

INTRODUCTION

As a part of the groundwork for various studies conducted by the Jaroslav Cerni Water
Institute and projects of the Ministry of Science, Technological Development and Innovation,
physico-chemical analyses of groundwater quality in the Wn well zone, between 2007 and
2012, were conducted. In-situ measurements of redox potential, oxygen content, pH values,
electrolytic conductivity, and temperature were also conducted. Laboratory analyses included
heavy metal content, organic matter, and other relevant micro and macro components of
groundwater significant for assessing drinking water quality. Additionally, key physico-
chemical parameters and indicators necessary for assessing the transformation processes of
organic matter, iron, manganese, sulfur, and nitrogen components, as well as the potential for
mechanical and chemical corrosion, were analysed in hydro-technical facilities and their key
elements. The last sampling campaign was conducted in July 2023, when eight piezometers
(from Wn1 through Wn8) in the vicinity of Ranney well Wn were analysed. Considering that
Ryznar and Langelier classifications for determination of the corrosion and incrustation
potential, are crucial for groundwater development and exploitation, these indices have been
calculated. Numerous studies have been conducted with the aim of determining the potential
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for well corrosion by calculating these indices, illustrating the importance of their application
[1-7].

MATERIALS AND METHODS
Langelier index

To assess the stability of groundwater under natural conditions, based on the results of
chemical analysis, the pHs value is calculated, which corresponds to the equilibrium state in
the solution of carbonate compounds. The pHs value represents the index of hydrogen ions
corresponding to the equilibrium saturation of groundwater with carbonic acid compounds.
The pH value represents the actual concentration of hydrogen ions in groundwater (measured
on-site). The pH value measured in the laboratory will always be higher than the actual pH
value measured on-site. The calculation procedure involves water temperature, pH, total
dissolved solids, calcium concentration, and total alkalinity. Based on the analysis and
interpretation of available literature data, the following Eq. (1) is proposed for the practical
calculation of the pHs value:

0
t| %c
pHg = 9,92 - [40] ~log[ ca** (mg/1) | - log| HCOZ ™ (mg/ekv/1) | +0,2log[s.0.(mg /)] 1)

t — groundwater temperature (°C)
s.0. — total dissolved solid (mg/l)

The Langelier index (Li) of saturation represents a parameter indicating conditions for the
deposition of a calcium carbonate layer that can prevent corrosive processes, Eq. (2):

Li=pH - pHs (2)

If the value of the index is positive (>0.3): water is saturated and tends to deposit calcium
carbonate. If this value is negative (<-0.3): water is undersaturated and tends to dissolve
calcium carbonate, i.e., water has a corrosive effect. In practice, water is in equilibrium if the
index values range from -0.3 t0 0.3.

Ryznar Stability Index

Ryznar index (RSI) indicates the stability of carbonate systems in water and can be
calculated using Eq. 3:

RSI = 2pHs — pH 3

RSI has only positive values, and the higher the values, the more corrosive the water is
based on the obtained values, the tendency of groundwater according to this index is
described as follows: when RSI is greater than 9.0, it indicates very strong corrosion; For RSI
values between 7.5 and 9.0, the groundwater is characterized by severe corrosion; when RSI
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falls between 7.0 and 7.5, significant corrosion is observed. RSI values ranging from 6.0 to
7.0 suggest little carbonate formation or corrosion. If RSI lies between 5.0 and 6.0, it indicates
easy carbonate formation. When RSI falls between 4.0 and 5.0, severe carbonate formation is
expected.

RESULTS AND DISCUSSION
Groundwater quality

The groundwater quality from the well Wn was analysed in the period 2007—2012. Based
on a total of six pH measurements, a range from 7.1 to 8.4 and a mean value of 7.5 were
determined, indicating slightly alkaline conditions in the groundwater environment of the
tested site. The measured redox potential of the Wn ranged from 125 to 244 mV, with a mean
value of 146 mV for the period from 2007 to 2012. Redox potential values <135 mV and
oxygen levels <0.5 mg/l indicate that microbial processes likely dominate over chemical
oxidations in iron transformation. Experiences from the Belgrade aquifer have shown that
wells with redox potentials <130 mV and total iron values >1.2 mg/l are usually associated
with flow rates (Qaverage) Of 40 L/sec [2—4]. The electrical conductivity varied over time and
was measured within a range of values from a minimum of 491 to a maximum of 650 uScm™.
The difference between the maximum and minimum measured values was 159 pScm™. The
mean electrical conductivity value measured between 2007 and 2012 was 561 uScm™, placing
examined groundwater at the upper limit of the group of low-mineralized freshwater bodies
(with oligosalinity), characterized by conductivity ranging from 20 to 650 pScm™. The
dominant cationic species in terms of concentration were arranged as follows:
Ca®">Mg*>Na*">K", while the anionic species followed the order
HCO; >S0,% >CI>P0O,* >NO;". The dominant anion was bicarbonate (consistent with the
measured pH values), with a maximum value of 360.51 mg/l. Among the cationic species,
calcium ions predominated (max. 90.59 mg/l) followed by magnesium ions (max. 24 mg/l).
According to the dominant ions and the classification by Alekin, the groundwater from well
Wn belonged to the type | hydrocarbonate (calcium-magnesium) water, which is in
accordance with a general characteristic of Sava alluvium (HCO; >(Ca®** + Mg*")). Out of 8
measurements of dissolved oxygen concentration in groundwater, the maximum recorded
value was 0.1 mg/l, while the minimum was below quantification limit of the applied method.
Considering the multi-year period, in the degradation of organic matter (originating from
infiltration through the unsaturated zone and/or infiltration of Sava water), oxygen was not
dominating electron acceptor, but rather other redox-sensitive species, which is a general
characteristic of Sava alluvium. The maximum concentration of total iron was 2.55 mg/l. The
ratio of the maximum observed values of divalent iron to total iron (Fe?*/Fey) was 0.46,
indicating anaerobic and occasionally aerobic conditions in the zone of this well. Based on the
concentrations of sulfates, which varied in a relatively wide range (28.96-94 mg/l), with a
mean value of 51 mg/l, higher than the average values for the Sava River, it can be assumed
that iron sulfide oxidation was likely one of the processes in the genesis of divalent and
trivalent iron and sulfate in the examined groundwater (Wn well zone). The manganese
content was measured in the range of 0.290-0.547 mg/I. After the consumption of organic
matter or if its concentration is below the usability threshold for microorganisms (<1 mg/l),
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the groundwater microbiome may be dominated by species that can utilize inorganic carbon
sources as donors (CO, and HCOs") or reduced sulfur and H”, and as acceptors ferrous ions,
manganese, nitrates, sulfates, CO,, which can affect the chemical quality of water. The
concentration of ammonium ions varied to a maximum of 0.31 mgN/l. Oxidized forms of
nitrogen, nitrates, were detected with a maximum value of 0.4 mgN/l, and nitrites were
detected only in one sampling campaign (0.005 mgN/I).

Groundwater quality of the piezometers

Selected piezometers: Wnl, Wn2, Wn3, Wn4, Wn5, Wn6, Wn7, Wn8 are sampled and
analysed in a campaign conducted in July 2023 (Table 1). The maximum dissolved oxygen
value was measured in the Wn6 (1.50 mg/l), while the minimum was recorded in Wn7
(0.36 mg/l). The average oxygen content for groundwater in the Wn zone was 0.7 mg/I,
significantly higher than the values measured between 2007 and 2012 in the Wn. The in-situ
pH value was measured within the range of slightly alkaline values, from 7.27 to 7.76. The
redox potential values in the Wn zone were unusually high for the Belgrade aquifer, with
significant spatial variations. The maximum value of 511.96 mV was measured in the Wnl1,
while the minimum value of -252.47 mV was observed in Wn3. The average redox potential
value (294.10 mV) was significantly higher compared to the average values measured in
Belgrade aquifer. Observed range suggests that groundwater in the Wn zone is not in redox
equilibrium and that processes in the groundwater of this well include reduction processes
(e.g., sulfate reduction) and complementary oxidation processes, involving electron transfer
between chemical species. Variable redox potential values also indicate mixing of different
hydrochemical zones and a trace of organic pollution in the recent past. The electrolytic
conductivity was not uniform across space. The measured range varied from 444.6 uScm™ in
Wn3 to a maximum of 672 pScm™ in Wn4. The dominant cationic species, follow the order:
Ca’*>Mg®*>Na"™>K*,  while  the  anionic  species  follow  the  order:
HCO; >S0,> >CI>P0,> >NOj3 . According to the ionic species and classification by Alekin,
the groundwater in the Wn zone can be categorized as Type | hydrocarbonate calcium-
magnesium soft water with low salt and potassium content ((HCOs; >(Ca?* + Mg®")), which
is a general characteristic of the Sava alluvium. The total organic carbon content (TOC) was
measured in the range of values from a minimum of 0.94 mg/l in the Wn2 to a maximum of
1.63 mg/l in the Wn3, where significantly negative redox potential values were observed. The
content of readily oxidizable organic matter, estimated through KMnQO, consumption, was
maximum 5.06 mg/l, which was accompanied by low boron concentrations in all examined
water samples in the Wn zone (<100 pg/l). In eight samples, the concentration of ferrous iron
was in the range of 0.10 to 0.21 mg/I, with a mean value of 0.14 mg/I, significantly lower than
the average value for the Belgrade aquifer and the Sava alluvium. Similarly, the average total
iron content was also lower compared to the average measured in the water from the Belgrade
aquifer wells (0.33 mg/l). The measured concentrations of manganese exhibited a wide range
of values, ranging from a minimum of 0.16 to a maximum of 0.68 mg/l. The minimum
measured concentration of sulfates of 14.44 mg/l (Wn1l), while the maximum of 25.25 mg/I
(Wn4), on average, lower than the average sulfate concentrations in the Sava River
(26.60 mg/l). The average concentration of ammonium ions, (eight groundwater samples in
the Wn zone), was 0.27 mgN/l, and for nitrites, it was 0.33 mgN/I, with nitrites being more
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frequently detected (in three samples) compared to nitrates. Nitrates were only detected in the
groundwater sample Wn6, with a maximum oxygen concentration of 1.5 mg/l. The average
oxygen concentration for groundwater in the Wn zone was 0.7 mg/l, suggesting that the
oxygen concentration in the groundwater in the Wn zone likely limits nitrification processes
and favours denitrification. The first intermediate of denitrification is represented by nitrites
(possible DNRA transformation of nitrates).

Table 1 Selected parameters of groundwater quality

Sample Unit Wnl Wn2 Wn3 Wn4 Wn5 Wn6 Wn7 Wn8
Date 2023 2023 2023 2023 2023 2023 2023 2023
pH 7.59 7.58 7.67 7.26 7.76 7.62 7.47 7.7
CElbn ductivity pS/cm 498 489 445 672 472 503 464 458
DO mg/l 0.48 0.5 0.56 0.51 0.54 1.50 0.36 0.49
Turbidity NTU 0.8 1 1.2 1.1 1.2 3.3 5.3 3
Alkalinity mg/l 235 230 195 315 205 220 205 200
Bicarbonates mg/I 286.7 280.6 237.9 384.3 250.1 268.4 250.1 244
CoO, mg/l 121 121 8.3 33.8 7.1 10.6 13.9 8
Chlorides mg/I 14.64 13.57 23.21 18.85 23.92 27.13 20.35 22.13
Sulfates mg/l 14.44 16.24 14.88 25.25 19.06 18.67 20.87 18.7
TP mg/I 0.021 0.042 0.022 0.368 0.046 0.083 0.06 0.13
TDS mg/l 248 250 221 412 257 280 259 246
TOC mg/I 1.36 0.94 1.63 1.39 1.05 1.39 1.19 1.45

According to earlier calculations, water from all wells in the Belgrade water source had Lsi
values ranging from -0.98 to 0.88 [2,3,5]. At some point, Li values were >0, and at another,
they were <0, indicating that the groundwater from the source was somewhere around the
carbonate equilibrium. At one point, it tended to form calcium carbonate, and at another, it
tended to dissolve it [2]. In practice, it has been shown that values in the range of £0.3 to £0.5
cannot reliably indicate water properties, as small changes in temperature, pH, or calcium and
bicarbonate content in the water can change the sign of Li. The Ryznar Stability Index in the
groundwater from piezometers Wn1 to Wn8 ranged between 7.5<RSI<9.0, suggesting that the
groundwater in the Wn zone was aggressive with the potential for severe corrosion (Table 2).

Table 2 Values of calculated Langelier saturation index and Ryznar stability index in groundwater in

zone Wn
Wnl Wn2 Wn3 Wn4 Wn5 Wn6 Wn7 Wn8
:-n"(‘jrg(e"er saturation 002 007  -017  -005  -003 013  -0.03  -0.09
Ryznar stability index 7.62 7.72. 8.00 7.37 7.82 7.78 7.81 7.88
CONCLUSION

Based on the values of LI obtained from the calculated parameters for the examined
piezometers (LI ranging from -0.02 to 0.13), groundwater in zone Wn is generally
undersaturated and tends to dissolve calcium carbonate, except in the case of sample Wn6
where the water showed a tendency for carbonate deposition. Based on the values of the
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calculated parameters LI, carbonate deposition in groundwater in zone Wn is unlikely to
dominate. The Ryznar Stability Index calculated for the groundwater sampled from
piezometers indicated the aggressive nature of the groundwater in the Wn zone and its
potential for severe corrosion. The Langelier Index serves as an approximation rather than a
direct measure of water corrosiveness. Nevertheless, it presents a valuable tool for assessing
this tendency. The LI value is subject to variation, influenced by factors such as temperature
and ionic strength. Understanding the LI's significance is crucial for implementing appropriate
control strategies. In oversaturated conditions, excessive calcium carbonate precipitates,
forming scales that can obstruct pipes and impair water flow. Conversely, in undersaturated
conditions, the relationship between calcium carbonate and alkalinity may heighten water
corrosiveness. Therefore, water operators must take proactive measures to ensure water
equilibrium, minimizing both corrosive and scale-forming tendencies. It's important to
recognize that these indices, such as LSI, and RSI do not directly forecast the corrosion of
steel and other metals. Corrosion of metals typically depends on factors like pH,
concentration of anions (such as sulfates and chlorides), and oxidants, which must also be
considered.
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Abstract

Two large rivers, the Sava and the Danube, meet in the heart of Belgrade, the capital of the Republic
of Serbia. This still growing city has no communal waste water treatment and the two rivers are the
main recipients of wastewater pollution. Previous studies have shown that a high diversity of fish
fauna can be expected in the broader Belgrade area. The present study examines whether municipal
wastewater pollution affects the diversity of fish species, their overall structure and well-being in the
Visnjica - Pancevacke ade locality, which continuously has bad water quality. Most of the fish species
in the studied community are under some form of protection (Bern Convention, IUCN, Habitats
Directive and/or national legislation), so the assessment of biodiversity is of great importance. The
analysis of diversity, evenness, saprobity and abundance biomass comparison (ABC) curve has shown
that this community is under moderate stress, which is reflected in the lower number of present
species. The Danube is known to have a high self-purification capacity, and an improvement in
wastewater management would certainly lead to a rapid recovery of the diversity of this resilient local
fish community.

Keywords: fish assemblage, communal wastewaters, diversity, urban ecology.

INTRODUCTION

The Danube is the second largest river in Europe, it flows into Serbia on the border with
Hungary (1433 rkm), flows 588 km through Serbia, has two hydropower dams (Perdap I and
I) and leaves Serbia at the mouth of the Timok on the border with Bulgaria (845 rkm). The
most important and navigable watercourses on the territory of the city of Belgrade, belong to
the lowland sections of the Danube and its right tributary the Sava River. Belgrade is a rapidly
growing city with more than 1.5 million inhabitants, whose untreated municipal wastewater is
discharged directly into these rivers. The water quality downstream of the Belgrade center is
consistently classified as class V due to the high levels of E. coli and enterococci as well as
the concentration of ammonium ions (NH4") [1,2]. The recreational and commercial fishing is
also present in the urban area. Joint Danube Survey 4 report [1] says that river Danube has
total of 72 recorded species, where the highest number at one locality was 33 species at
llok — Backa Palanka [1]. According to the literature, the fish fauna of the broader Belgrade
area includes about 40 or even more fish species, with an increasing number and abundance
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of allochthonous species. This is no surprise, as the Danube and its navigable watercourse is
one of the four main routes for the introduction of alien freshwater species in Europe, as it
connects the watersheds of the Black Sea and the North Sea [3,4]. The present study on the
biodiversity of the fish fauna of the Danube in the Belgrade urban area was conducted to
determine whether the expected fish species, especially the protected and strictly protected
ones, still inhabit this area under strong anthropogenic pressure.

MATERIALS AND METHODS

In August and September of 2023, field surveys were carried out at the ViSnjica site to
obtain a representative sample of the Danube fish fauna in the urban area downstream of the
most affected section of the Sava and Danube rivers. Visnjica is known as a commercial
fishing site and is located 10 rkm downstream of the mouth of the Sava River. The sampling
was carried out using standard equipment for reversible stunning, electric generator type
ELT6211 GI HONDA GCV160, 230/400 V, power 11.9/7.4A DC and frequency 360 Hz.
Sampling was carried out by electrofishing on eight transects, each 1000 m long in the stretch
from Paradajz Island near Visnjica, along the Danube to Panc¢evacke ade islands, around and
between the river islands of Cakljanac and Forkontumac (Figure 1).

44.87°N
44.86°N
44.85°N
44.84°N 8
44.83°N
44.82°N
44.81oN 8
44.80°N
44.79°N 1
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Electrofishing sampling 22.9.'23 1 0 1 2 3 4 km
wews Electrofishingsampling 14.8.23. N TN TN

Figure 1 Map of the researched area, Danube Visnjica — Pancevacke Ade islands, Belgrade

Individuals were identified in the field to the species level and released after taking
measurements. Each fish was measured for standard length (SL (cm)) and weight (W (g)).
The mean condition factor (CF) was calculated for each individual
(CF =W (g) / SL (cm)®- 100), and mean CF for each species [5]. Based on the obtained data
on the species presence and abundance in the sample, the Shannon and Simpson diversity, and
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evenness of the community were determined [6-8]. Saprobity, based on the fish assemblage,
was determined using the Sladecek indicator list [9]. As only 13 of 25 recorded species are
included in this list, the results would not give a realistic assessment of the saprobity. This
problem was overcome to a certain extent by setting the values for some species based on
their frequency of occurrence in different types of water bodies according to Hofrat and
Ottendorfer [10] and experience with local fish communities. The abundance biomass
comparison (ABC) curve analysis was carried out to examine the effects of the pollution load
on the fish community based on the abundance and weight of the fish species [11]. Ecological
index (EI) was also calculated [12]. For each species recorded, the protection status was
checked in accordance with national and European legislation and recommendations.

RESULTS AND DISCUSSION

During the surveys conducted in August and September of 2023, a total of 25 fish species
were recorded in the Danube downstream from Visnjica to the Pancevacke ade islands. In
total, 466 specimens were sampled and 25 species identified. In order to assess the
biodiversity, Shannon, Simpson and Evenness indices were determined, with the values of
1.86, 0.67 and 0.579, respectively. The results correspond to Il class or moderate status [13].
The body size and condition factor of the species are given in Table 1. The saprobity was 1.71
which is considered B-mesosaprobic or class Il water quality, while the assemblage was
potamon type according to the EIl. Cyprinid species Carassius gibelio, Blicca bjoerkna,
Cyprinus carpio, and Rutilus rutilus had the highest CF values (CF>2), with the highest value
recorded for C. gibelio (3.38). The lowest CF of the cyprinid species had Ballerus ballerus
(0.98), and the lowest of all species Babka gymnotrachelus (0.46). The abundance biomass
curves overlapped showing the moderate stress effect on the fish community (Figure 2).

The conservation status of the recorded species was checked according to the IUCN Red
List, the EU Red List, EU 27 [14], the Bern Convention [15], the Habitats Directive [16] and
national legislation for protected species [17]. Out of a total of 25 species, 10 are listed in the
Bern Convention [15] (Aspius aspius, Ballerus ballerus, Ballerus sapa, Chondrostoma nasus,
Rutilus pigus, Vimba vimba, Neogobius fluviatilis, Ponticola kessleri, Gymnocephalus
schraetser and Silurus glanis) and 4 species in the Habitats Directive [16] (Aspius aspius,
Barbus barbus, Rutilus pigus and Gymnocephalus schraetser). Based on national legislation,
strictly protected species were not recorded, while 15 out of 25 identified species are
protected [17]. Six species are considered non-native to this part of the Danube (Carassius
gibelio, Hypophthalmichthus molitrix, Babka gymnotrachellus, Neogobius fluviatilis,
Neogobius melanostomus and Ponticola kessleri), while four species are not under any
protection (Alburnus alburnus, Blicca bjoerkna, Rutilus rutilus and Gobio gobio). Some
strictly protected species that were expected based on the previous data were not recorded in
this field work.

97



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Table 1 List of identified species, number of caught individuals, percentage, mean standard body
length in cm (SL), body weight in g (W), condition factor (CF) and standard deviation (SD)

Family Species Individuals % AS\}_G SD A\\,/VG SD CF SD
Alburnus alburnus 259 5558 7.28 1.58 4.75 2.99 111 0.19
Ballerus sapa 31 6.65 12.08 262 3490 2109 169 0.29
Abramis brama 29 6.22 1081 581 7059 27589 154 0.59
Rutilus rutilus 24 515 1169 555 6242 7537 211 043
Aspius aspius 15 322 1187 510 3793 4924 126 0.26
Blicca bjoerkna 12 258 1696 342 15850 136.13 2.66 0.56

Hypophthalmichthys

g op 5 1.07 5120 160 2441 46028 1.83 041

© molitrix

£ Carassius gibelio 4 0.86 2325 390 46275 20453 338 027

g Barbus barbus 3 0.64 7.83 3.01 8.67 8.01 155 0.74
Rutilus pigus 3 0.64 1400 394 6000 4893 1.76 004
Cyprinus carpio 2 0.43 28.00 10.00 490.00 282.00 249 153
ﬁ:;”sdmsmma 2 043 800 050 700 100 136 0.08
Ballerus ballerus 1 021 850 000 6.00 0.00 098 0.00
Leuciscus idus 1 0.21 6.00 0.00 4.00 0.00 1.22 0.00
Vimba vimba 1 021 1200 000 3400 000 197 0.0

(5]

(5]

§ Esox lucius 7 150 2586 6.72 194.86 13411 096 0.08

0
Neogobius 9 193 539 151 194 144 115 057
fluviatilis

(5] -

§  Neogobius 5 107 620 068 280 160 1.05 043

‘5 melanostomus

o

©  Babka 2 043 600 000 1.00 000 046 0.0
gymnotrachellus
Ponticola kessleri 2 0.43 5.25 0.25 2.00 1.00 1.30 0.71

8

&  Gobio gobio 4 086 838 096 650 260 106 0.10

S

Q]

© Sander lucioperca 22 472 1961 11.66 203.64 41789 116 0.13

5 Perca fluviatilis 21 451 9.21 4.13 29.62 50.50 1.77 0.66

[&]

&  Gymnocephalus 1 021 1400 000 3600 000 131 0.00
schraetser

8

S Silurus glanis 1 021 8000 000 3700 000 072 0.00

5)

Considering the sampling effort and the 466 individuals of 25 species caught, the diversity
of the fish fauna of the Danube in Belgrade near Visnjica can be assessed as moderate at the
time of sampling. The fish assemblage is stable with moderate evenness, as expected,
dominated by cyprinid species (84%). Cyprinids are known to be able to tolerate considerable
pollution. The ecological index shows the potamon type of assemblage, which is adequate to
this section of the Danube. The highest abundance was found for Alburnus alburnus
(55.58%), as this is a typical swarm fish, which prefers the upper parts close to the water
surface, sensitive to electrofishing sampling method. Similar abundance was reported in JDS4
— 52.28% [1]. Other species that are abundant and make up the majority of the assemblage
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were Ballerus sapa, Abramis brama, Rutilus rutilus, Aspius aspius, and Blicca bjoerkna.
Although it is known that this site continuously has a high load of microorganisms, which are
indicators of fecal pollution (class V water quality - very poor) and the presence of hazardous
compounds [1], based on this study, the water saprobity is assessed as B-mesosaprobic, which
is a considerably better result. The pressure that pollution exerts on the fish community is,
perhaps, best reflected in the number of species and community structure. It can be reflected
in reduced numbers or potential absence of rare and protected species that we know should be
present. The highest CF was found for a cyprinid, the allochthonous C. gibelio, which raises
concerns that pollution may favor non-native species at the expense of native species. The
following strictly protected species were not recorded in this survey, although it is assumed
they should be present based on the previous studies: Cobitis elongatoides, Carassius
carassius, Tinca tinca, Gymnocephalus baloni, Pelecus -cultratus, Rhodeus amarus,
Scardinius erythrophthalmus, Lota lota, Misgurnus fossilis, Zingel zingel, Zingel streber,
protected species Acipenser rhutenus, Squalius cephalus, Lota lota, Sander volgensis, as well
as some non-native species: Ameiurus nebulosus/melas, Ctenopharyngodon idella,
Hypophthalmichthys nobilis, Lepomis gibbosus, Perccottus glenii, and Pseudorasbora parva.
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Figure 2 ABC curve for the fish assemblage at Visnjica locality in Belgrade, where N% is abundance
curve and W% represents biomass curve

CONCLUSION

As Belgrade is a large city that has a significant impact on the ecology of the Danube, the
results point to the need for better wastewater management, which, together with the natural
self-purification capacity of the Danube, would probably be sufficient to restore the diversity
of fish fauna at this sector of Danube.

AKNOWLEDGEMENT

This research was funded by the Ministry of Science, Technological Development and Innovation
(451-03-66/2024-03/200007) and the Jaroslav Cerni Water Institute through Project
No. 32/20/49-104-08/09.

99



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

REFERENCES

[1] JDS4, 2019. Scientific Report: A Shared Analysis of the Danube River. Joint Danube
Survey 4, ICPDR, editors: Liska, I., Wagner, F., Sengl, M., et al., Available on the
following link: www.danubesurvey.org.

[2] Kolarevi¢ S., Micsinai A., Szanto-Egész R., et al., Sci. Total Environ. 783 (146967)
(2021).

[3] Copp G.H., Garthwaite R., Gozlan R.E., J. Appl. Ichthyol. 21(4) (2005) 371-373.
[4] Panov V.E., Alexandrov B., Arbaciauskas K., et al., 5 (1) (2009) 110-126.

[5] Ricker W.E., Computation and interpretation of biological statistics of fish populations,
Fisheries Research Board of Canada, Ottawa (1975), p.382, ISBN: 0662014405.

[6] Shannon C.E., Weaver W., The Mathematical Theory of Communication, University of
Illinois Press, Chicago & Urbana (1949), p.125, ISBN: 0252725484.

[7] Simpson E.H., Nature 163 (4148) (1949) 688.
[8] Pielou E.C., J. Theor. Biol. 13 (1966) 131-144.
[9] Sladecek V., Arch. Hydrobiol. 58 (1) (1961) 103-121.

[10] Hofrat W., Ottendorfer J. Wien-Kaisermuhlen: Bundesanstald fur Wasserergute 26
(1983) 175.

[11] Clarke K.R., Warwick R.M., Change in marine communities: an approach to
statistical analysis and interpretation, Natural Environment Research Council UK,
Plymouth (1994), p.114, ISBN: 9781855311404,

[12] Sorié¢ V.M., Ichthyologia 30 (1998) 51-70.

[13] Nastase A., lani M., Hont S., et al., Scientific Annals of the Danube Delta Institute 26
(2021) 47-68.

[14] IUCN, 2023. The IUCN Red List of Threatened Species. Version 2023-1. Available
on the following link: www.iucnredlist.org, Accessed on [04.03.2024].

[15] Bern Convention (Appendix/Annexe Ill). Convention on the Conservation of
European Wildlife and Natural Habitats. (1979) ETS/STE 104.

[16] Directive, Habitats. “Council Directive 92/43/EEC of 21 May 1992 on the
conservation of natural habitats and of wild fauna and flora” Official Journal of the
European Union 206.7 (1992): 50.

[17] ,,Sluzbeni glasnik” RS 5/2010, 47/2011, 32/2016 i 98/2016, Pravilnik o proglasenju i
zastiti strogo zasti¢enih i zasti¢enih divljih vrsta biljaka, zivotinja i gljiva.

100



318! International Conference Ecological Truth

0
& qg l E R ,: 24 & Environmental Research
A 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

www.eco.tfbor.bg.ac.rs

MONITORING OF THE STATE OF THE ENVIRONMENT IN THE BOR
DISTRICT, GIVEN THROUGH THE EXAMPLE OF THE DISTRIBUTION OF Pb IN
THE SOIL LOCATED IN THE IMMEDIATE VICINITY OF THE BOR RIVER

Vladan Marinkovi¢!”, Miroslava Maksimovic’l, Milenko Jovanovié!, Stefan Trujiél
1Mining and metallurgy institute Bor, Albert Einstein 1, 19210 Bor, SERBIA
“vladan.marinkovic@irmbor.co.rs

Abstract

Geochemical mapping provides a means of visualizing spatial variations in the chemical composition
of the Earth's surface.

Mapping of coastal profiles in the catchment area of the Bor river was performed in order to make
geochemical maps of soil pollution in the valley of the mentioned river. The Bor river is one of the
most polluted rivers in the Republic of Serbia. The sampling network at selected locations of coastal
profiles is adapted to the morphological and hydrographic characteristics of the terrain. Samples from
A horizon with five sampling points were collected on each profile. In the analytical procedure, the
content of pollutant elements was determined: Pb, Zn, Cu, Cr and As.

Keywords: geochemical mapping, coastal profiles, soil pollution.

INTRODUCTION

Monitoring of the state of the environment in Bor was carried out over a two-year period
by collecting and then analysing samples of surface and underground water, river sediments
and soil. Based on the results obtained from the laboratory analysis of the collected samples,
geochemical maps were created that visually show the state of the environment in Bor and its
surroundings.

Surface water samples were taken from the following watercourses: Industrial wastewater,
Bor river, Krivelj river, Ravna river, Bela river, Timok river, Danube and Robule lake.
Surface water samples were collected from a total of 30 sampling points. Geochemical maps
of the distribution of harmful (polluting) elements in surface water were created for: As, Cd,
Cu, Fe, Mn, Ni, Pb, Zn and pH.

Groundwater samples (water from wells), were collected in the village of Slatina, and only
from those wells that are closest to the banks of the Bor river. Groundwater samples were
collected from a total of 22 sampling points. Geochemical maps of the distribution of harmful
(polluting) elements in groundwater were created for: As, Mn and pH.

Sediment samples were collected from the beds of the following rivers: Bor river, Krivelj
river, Bela river, Timok river and from the Danube. Sediment samples were collected from a
total of 12 sampling sites. Geochemical maps of the distribution of harmful (polluting)
elements in sediments were created for: As, Cr, Cu, Pb and Zn.
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Soil samples were collected from the location of the Bor river, one of the most polluted
rivers in the Republic of Serbia. The samples were taken according to the cross-sections that
were placed perpendicular to the Bor River. The sampling network at the selected locations of
coastal profiles was adapted to the morphological and hydro graphic characteristics of the
terrain, there were a total of 14 of these cross-sections, while each cross-section had 5
sampling points. Geochemical maps of the distribution of harmful (polluting) elements in
sediments were created for: As, Cr, Cu, Pb and Zn.

GEOCHEMICAL MAP CREATION

Geochemical mapping is a tool for visualizing spatial variations in the chemical
composition of the Earth's surface. Geochemical mapping is a technique based on the
exploration of mineral deposits, but in the modern age it has found application in the study of
urban environments. Such studies, involving multidisciplinary teams, including geochemists,
must present their results in a way that non-geochemists can understand. Demands for urban
geochemical data driven by legislation regarding the need to identify contaminated soil and
watercourses and subsequent health risk assessments have led to greater global interest in the
urban geochemical environment.

The procedure for creating geochemical maps will be explained in the following text using
the example of a geochemical map of Pb distribution in the soil in the Bor river valley.

In the first step of creating a geochemical map, limit values for Pb in the soil are
determined, on the basis of which the geochemical map is created. These values are as
follows:

1. Class | of soil quality (recommended value that is less than 85 mg/kg), if the Pb content

in the soil is lower than the recommended value, the soil is considered uncontaminated;

2. Class Il of soil quality (MAX value ranges between 85 mg/kg and 310 mg/kg) if the Pb
content is within these values, it is assumed that the soil has a certain degree of
pollution, but it is not yet dangerous for the environment because it does not exceed the
maximum allowed value.

3. Class 11l of soil quality (remediation value ranges between 310 mg/kg and 530 mg/kg)
if the Pb content is within these values, it is assumed that the soil is polluted and its
remediation is recommended.

4. Class IV of soil quality (values above remediation, higher than 530 mg/kg) if the Pb
content is higher than this value, the soil is considered to be highly polluted and as such
represents a danger to the environment.

In the second step, the points from which the samples were collected are painted with
colours (for better visual monitoring) that correspond to certain quality classes, Figure 1.
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Figure 1 Schedule of points from which soil samples were collected

In the third step of creating a geochemical map, the separated soil quality classes are
outlined so that each class represents a closed polygon line of an irregular shape, where
special care should be taken not to cross or intersect different quality classes, Figure 2.
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Figure 2 Layout of selected quality classes

In the last step, the quality classes are colored in colours that correspond to certain quality
classes, thus obtaining visually well-reviewed and easy-to-understand separate data sets that

represent the distribution of pollution by a certain element in a separate area, Figure 3.
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Figure 3 Geochemical map of Pb distribution in soil

CONCLUSION

As already mentioned, the Bor river is one of the most polluted river courses in the
Republic of Serbia. Based on the results collected during the two-year monitoring of soil
quality in the valley of the Bor river, the following can be concluded:

The soil in the immediate vicinity of the river is of the IV quality class, it is highly polluted
and as such represents a danger both to the environment and to the life and health of people
living in near the Bor river;

The more we move away from the river, the less polluted the land becomes. At a distance
of more than 200 m, the land already passes into quality class Ill, where it is possible to
successfully carry out remediation;

The pollution of the river itself can be closely related to decades of mining activities in the
surrounding mining facilities, as well as the preparation, processing and smelting of the ore
that has been exploited;

The solution to this situation is also the only possible one, which is the installation of a
plant for the purification of all waste water that is discharged into the Bor river, and then the
remediation of the surrounding land.
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Abstract

The paper explores the effectiveness of Photinia x fraseri 'Red Robin' in the urban environment of
Belgrade, particularly in light of a modified temperate-continental climate. The research focuses on
assessing how urban design and climate change affect the phenological events of Red Robin
Christmas Berry across four locations in Belgrade. By analyzing climatic variables such as
accumulated cold hours and their correlations with phenological patterns of flowering, the study
unveils the substantial impact of insolation, air temperature, and urban layout on these phenophases.
The findings underscore the significance of site selection in optimizing the delivery of ecosystem
services.

Keywords: Red Robin Christmas Berry, landscape urban design, air temperature, insolation,
phenological observations.

INTRODUCTION

Rapid urbanization disrupts the balance in the urban environment [1]. For landscape urban
design, plants hold paramount importance for both visual appeal and practical functionality
because they affect ecosystem services with seasonal, aesthetic, economic and functional
characteristics [2], and they have a pivotal role in human health [1]. The utilization of non-
native woody plants enhances the urban landscape's value but poses a significant challenge
due to the impacts of climate change. Therefore, it is very important that plants in the urban
landscape can adapt to climatic conditions, and taxa with high climatic plasticity, such as
Photinia x fraseri 'Red Robin’, stand out in particular [3]. Red Robin Christmas Berry, an
impressive evergreen cultivar with striking red young leaves transitioning to green mature
leaves, serves as an attraction for bees during flowering phenophase and for birds (such as
woodpeckers and thrushes) during fruiting phenophase, as its fruits persist until the
subsequent vegetation period. Furthermore, all stages of its phenology contribute to its
ornamental value [4]. This highligths the significance of phenological patterns in evaluating
the efficacy of aligning Red Robin Christmas Berry's phenological events with landscape
urban design objectives.
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The objective of this study is to investigate how the urban environment and climate
fluctuations impact the phenological patterns and growth of Photinia x fraseri 'Red Robin' in
the context of operationalizing landscape design. The research aims to address the following
inquiries: 1) What is the influence of climate change on Photinia x fraseri 'Red Robin' in
Belgrade? 2) How do air temperature, insolation, and urban layout affect the four selected
locations? 3) Future prospects: Assessing the readiness of Red Robin Christmas Berry to cope
with climate change for optimal site selection, enhancing visual aesthetics, ecosystem
services, and optimizing maintenance costs.

MATERIALS AND METHODS

The research area is an urban zone of the Belgrade municipalities of Stari grad (Location 1
and part of Location 2) and Savski venac (part of Location 2 and Locations 3 and 4) where the
presence of Photinia x fraseri 'Red Robin' (Red Robin Christmas Berry) is noted. In three
locations, there are trees in pots in the streets, and in the fourth one, it is on a cascade
designed slope in the park “Lep izgled” on anthropogenized soil of haplic fluvisol type [5].
The description of the research locations is shown in Table 1.

Table 1 Description of the research area
Latitude ¢ Altitude Number of

LBz Longitude & H(m)  individuals AsPect  Slope’
M. . . 0 ] n
- R N
2. Balkanska street ;’gz ;3 gggg IIE\Ir 83-97 11 SW 5-8°
— T ;
LN RSN s o ww on
4. Park “Lep izgled” 44247 58.02" N 89-95 3 W 5-8°

200 27' 08.52" Er
“Slope: 0—1° (flat terrain) and 5-8° (steep terrain)

In the research, elements of phenological patterns were monitored using the BBCH
(Biologische Bundesanstalt, Bundessortenamt and Chemical industry) scale [6], from
November 1, 2022 to March 15, 2024 to determine the impact of climate change and the
uraban layout on the key events of the Red Robin Christmas berry (flowering, fruiting, but
also leaves color change). Phenological observations were made visually every other day, at
all locations, by recording the dates: budbreaking - BB (the day when the bud opening began),
beginning of flowering - BF (the day when more than 10% of the flowers were open), full
flowering - FF (the day when more than 50% of the flowers were open), end of flowering -
EF (the day when more than 80% of the flowers had opened), the appearance of red leaves
(RL), the transition of leaves to green color (GL) and the decline of ripe fruits (RF). The
determined dates used for phenological events were summed up to the mean value for each
location. The recorded dates were automatically converted into days of the year by the
software (e.g. January 1 = 1 DOY). According to the method and formula of Cosmulescu and
lonescu [7], the accumulated cold hours (CHt) were determined from November 1, 2022 and
November 1, 2023 until the date when the BB was recorded in 2023 and 2024, respectively.
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Before November 1, due to high temperatures, there is no accumulation of cold hours for
moderate-continental climate conditions [8], which is characteristic of the research area [9].
The sum of growing degree days (GDD) was determined according to Lali¢ et al. [8] and
Ocokoljic et al. [10], using a temperature threshold of 5°C. GDD were determined by
summing the active temperature sums for each location, and then presented as the mean value
for each research location. Fruit yield was evaluated by quantifying phenological observations
on a five-point scale, where 0 is a tree without fruit (0% of branches bearing fruit); 1 — is a
small number of fruits (<20%); 2 — is a low number of fruits (>20—<40%); 3 — is a moderate
number of fruits (>40—<60%); 4 — abundant fruits (>60—<90%) and 5 — maximum number of
fruits (>90%).

Pearson's correlation coefficient and one-factor ANOVA determined the relationship
between phenological events and accumulated CHt. Climatological data were taken from the
Main Meteorological Station (GMS) Belgrade (44°47'54.44" N; 20°27'53.35" E; altitude:
132m) [9]. The program package Excel 2016 was used for data processing. Photographic
material was collected during the field research.

RESULTS AND DISCUSSION

The number of accumulated cold hours from November 1, 2022 to BB 2023 varied from
936h (location 1), over 1602h (locations 2 and 3) to 1762 (location 4). The mean value of CHt
for the beginning of the vegetation period in 2023 was 1475.5h; while the same value of CHt
for the beginning of the vegetation period in 2024 was 1165h (310.5h less), which confirms
that air temperatures influenced the vegetation period in 2024 to start on average 53 days
earlier. This is in accordance with the fact that climate change is intensifying and with the
data of RHMZ [11] that states 2023 to be the warmest year in Belgrade since 1888 with a
deviation from 1.7°C compared to average temperatures. In January 2024 [9], the mean daily
air temperature during most of the first decade and in the middle of the month was in the
extremely warm category. Very warm in the middle of the last decade of the month. February
2024 in Belgrade was the warmest since the beginning of the measurements, with the average
daily temperature at the beginning of the month in the category of normal values, and then
during the first and half of the second decade, as well as during most of the last decade of the
month, it was in the categories of very warm and extremely warm. In the middle of the month
it was in the warm category. In January 2024, Tmean Was higher by 1.5°C, and the number of
sunny hours by 27.6h; while in February the temperature was higher by 6.4°C with fewer
sunny hours by 12.4h compared to 2023 (Figures 1 and 2). The results of the study confirm
the necessity of individual research, as well as that each taxon has certain requirements
regarding CHt and that only after accumulating the required CHt do different phenophases
begin [12].

We determined Pearson's correlation coefficients, with a probability threshold of p<0.05,
resulting in: a) very strong positive correlations for the following - (1.00) GDD BF and
- GDD FF, BF DOY and FF DOY; GDD FF and — BF DOY and FF DOY; GDD EF and EF
DOY and BF DOY and FF DOY, as well as b) strong positive correlations (0.878 to 0.974)
CHt and all GDD and DOY. Correlation analysis confirmed the direct correlation of the
decrease in the number of CHt with higher air temperatures from November 1 to BB, that
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GDD BF affects the beginning but also the duration of full flowering as well as the GDD of
full flowering, but also that a greater number of days from FF to EF affects the length of the
flowering period. The above results confirm the significant impact of climate change on
phenological patterns, which is in line with the previous findings of Ocokolji¢ et al. [9].
Statistical significance was confirmed by one-way ANOVA tests, with p<0.0001, with F of
39.07 (between CHt and BF DOY) and 37.55 (CHt and EF DOY), which confirmed that CHt
significantly influences both the beginning of flowering and the end of flowering. Also, with
F values from 91,6 to 105, 81 it is confirmed that GDD BF affects all DOY flowering
phenophases (BF, FF i EF), and that GDD EF has a significant effect only on EF DOY (end
of flowering) with F of 152.64.

Figure 3 shows the phenological observations for Christmas Berry at the 4 research
locations. The trees in the park “Lep izgled” stand out, where the end of flowering was
recorded the latest (30.05.2023). The length of the flowering phenophase was 28 days. In the
other two locations, the length of the flowering phenophase was similar, 27 days (Kneza
Milosa Street) and 25 days (Balkanska Street), but in the same locations flowering ended
9 days earlier (Kneza Milosa Street) and 12 days earlier (Balkanska Street). In Cika Ljubina
Street, the trees did not bloom.

Location 3, 26. April 2023 Location 4, 19, April 2023

=

Figure 1 Minimum, maximum, and average monthly air temperatures and insolation (sum of monthly
hours of sunshine) during 2023, according to RHMZ [9]

The results confirm that Red Robin Christmas Berry is visually attractive at the beginning
of the growing season when the leaves are red, in the phenophase of flowering and later while
fruiting [13] but also that the urban layout affects phenological events. The trees are
overshadowed by tall buildings surrounding them. In densely built-up areas of the city, street
trees have limited access to light throughout the day. Reduced insolation as a result of shading
by tall buildings caused changes in phenological patterns [14]. Location 1 (Cika Ljubina
Street - the first one-way street in Belgrade) stands out, where no leaf color changes were
recorded in 2023, and no flowering phenophases were recorded (Figure 3).
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The street's width is approximately 9 meters, bordered by tall buildings ranging from four
to six floors, which obstruct sunlight from reaching the tree crowns. Location 2, Balkanska
Street, historically significant for Belgrade, has seen a decline in craft shops and small family-
owned businesses. Its width fluctuates between 10 to 13 meters, lined with several-story
buildings, predominantly five to six floors high, not only along Balkanska Street but also in
adjacent streets. Only three trees, positioned at the corners of Lomina Street and Kraljica
Natalija Street, displayed the characteristic red hue of spring foliage and bore fruit, while the
remaining eight trees maintained a green color and completed their flowering phase during
the growing season. Along Kneza Milosa Street (location 3), two out of nine trees exhibited a
red coloration, attributed to their positioning amidst high-rise buildings, with all trees fully
flowering and fruiting. In the park “Lep izgled” during 2023, three trees situated in the Sava
amphitheater area displayed all expected phenological events.
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Figure 2 Minimum, maximum and average Figure 3 Phenological observations: GDD -

daily air temperatures and insolation (h) inthe  temperature sums (°C), for the BF, FF, EF,

period January 1, 2024 to March 15, 2024 RL and GL during 2023 for Christmas Berry
at four researched locations in Belgrade

However, despite this, fruiting was rated as minimal in all trees and locations, with the
fruits persisting until March 15, 2024, when this research was concluded. This outcome can
be attributed to the climatic conditions during the flowering period of April-May 2023,
characterized by cold to extremely cold temperatures during the first decade, followed by very
cold conditions towards the end of the month. Similarly, May 2023 experienced cold to very
cold temperatures, particularly towards the beginning, middle, and end of the month. In 2024,
inflorescences differentiation and the emergence of green leaves were observed across all
locations and trees (totaling 27), with the beginning of flowering not occurring until March
15. These findings underscore the influence of urban layout, particularly the lack of sunlight
in certain locations, and climate change, primarily the insufficient accumulation of cold hours
(CHy), on the productivity and ecosystem services provided by Red Robin Christmas Berry in
Belgrade.
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CONCLUSION

Based on research conducted across four locations in the urban area of Belgrade, it has
been confirmed that the timing and duration of phenophases, along with ecosystem services,
are influenced by climatic factors, urban layout, and microenvironmental conditions. This
study enhances understanding of the interactions between Red Robin Christmas Berry and the
urban environment, shedding light on its impact on ecosystem services. Given the challenges
posed by climate change, this taxon faces new stressors, emphasizing the importance of
comprehending long-term trends for effective management and mitigation of climate change
effects. The research serves as a foundation for operationalizing urban design, which plays a
pivotal role in promoting environmental sustainability through design interventions. An
innovative aspect of this study lies in correlating the findings with urban design and their
subsequent management.

Recommendations are contextually appropriate and specific to benefit the implementation
of Red Robin Christmas berry in the urban landscape.

ACKNOWLEDGEMENT

The authors are grateful to the Ministry of Ministry of Science, Technological Development and
Innovation of the Republic of Serbia for financial support of the University of Belgrade - Faculty of
Forestry the scientific research work in 2024, the registration number 451-03-65/2024-03/200169.

REFERENCES
[1] Ylcedag C., Asik Y., Urban Ecosyst. 26 (2023) 1071-1080.
[2] Wang C., Xiao H., Liu J., et al., J. For. Res. 28 (2016) 473-479.
[3] Laaribya S., Alaoui A., Ayan S., et al., Forestist 74 (3) (2023) 1-10.
[4] Cetiner S., Zencirkiran M., Journal of Bartin Faculty of Forestry, 22 (2) (2020) 294—-306.
[5] Skori¢ A., Filipovski G., Ciri¢ M., Posebna izdanja knjiga LXXVIII, Sarajevo (1985).

[6] Meier U., Growth Stages of Plants, Wiley-Blackwell, Wissenschafts-Verla: Berlin, (1997)
622. ISBN: 3 8263 3152 4.

[7] Cosmulescu S., lonescu M., Int. J. Biometeorol. 62 (11) (2018) 2007-2013.

[8] Lali¢ B., Ejcinger J., Dalamarta A., i sar., Meteorologija i klimatologija za agronome.
Univerzitet u Novom Sadu-Poljoprivredni fakultet, Novi Sad, Srbija, (2021) p.219,
ISBN: 978-86-7520-520-3.

[9] RHMZ Republic Hydrometeorological Service of Serbia, Available on the following link:
https://www.hidmet.gov.rs/index.php.

[10] Ocokolji¢ M., Petrov Dj., Gale¢i¢ N., et al., Land 12 (2023) 706.

[11] RHMZ Republic Hydrometeorological Service of Serbia, Available on the following link:
https://www.hidmet.gov.rs/data/klimatologija/ciril/2023.pdf.

[12] Coutts A.M., White E.C., Tapper N.J., et al., Theor. Appl. Climatol. 124 (2015) 55-68.

111



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

[13] POWO (2024). Plants of the World Online. Facilitated by the Royal Botanic Gardens,
Kew, Available on the following link: http://www.plantsoftheworldonline.org/, Assessed on
10 February 2024.

[14] Takebayashi H., Kasahara M., Tanabe S., et al., Sustainability 9 (2017) 1398.

112


http://www.plantsoftheworldonline.org/

315t International Conference Ecological Truth

& z, I E R ,: !4 & Environmental Research
R 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

www.eco.tfbor.bg.ac.rs

Chaenomeles japonica (Thunb.) Lindl. ex Spach IN THE DESIGN OF URBAN PARKS:
LEARNING FROM NATURE

Mirjana Ocokolji¢!, Djurdja Petrov'’, Nevenka Gale&i¢', Dejan Skotaji¢,
3

sewve s

Dragan VuJ1c1c1, Jelena Cukanovié®, Isidora Simovi¢

University of Belgrade - Faculty of Forestry, 1 Kneza Viseslava Street, 11030 Belgrade,
SERBIA

2University of Novi Sad - Faculty of Agriculture, 8 Dositeja Obradovi¢a Square,
21000 Novi Sad, SERBIA

3BioSense Institute, University of Novi Sad, 1 Dr Zorana Djindjica Street,
21000 Novi Sad, SERBIA

“djurdja.stojicic@sfb.bg.ac.rs

Abstract

The research investigates the changes in the phenological dynamics of Chaenomeles japonica
(Thunb.) Lindl. ex Spach under the influence of climate factors in Karadjordje's Park, Belgrade. Our
findings affirm the significant impact of air temperature and precipitation on phenological phases and
their duration. The year emerges as a significant factor; notably, in 2024, the growing season
commenced with leafing in January, followed by flowering 29 days later. The duration of flowering in
2024 was reduced by 54 days compared to 2023, resulting in a diminished visual appeal. Male
genotypes were identified, with male flowers observed across all specimens. The study underscores
key phenological events to highlight climate's impact on the urban phenology of Japanese Quince,
with the aim of design operationalisation or urban park reconstruction.

Keywords: Japanese Quince, urban environments, phenological duration, landscape design,

climate change.

INTRODUCTION

Urban shrubbery holds aesthetic, socio-cultural, ecological, and economic values crucial
for enhancing sustainability and quality of life in urban environments [1-4]. Within this
context, urban parks and green spaces with woody plants play a pivotal role in cities'
adaptation to climate change [5]. However, to fulfill their intended ecosystem services, shrubs
must be healthy, vigorous, and in good condition. The average lifespan of urban shrubs is
brief, sometimes as short as a mere decade [6]. Ocokolji¢ et al. [7] attribute this shortened
lifespan to differences in environmental conditions between urban settings and natural
habitats. The 21%-century cities have been significantly altered by the effects of phenomena
such as urban heat islands (UHI), restricted space for root system expansion, impervious
surfaces, and poor soil quality. Thus, fostering conditions suitable for the growth and
sustainable development of urban dendroflora emerges as a pressing imperative [7]. An initial
step involves identifying suitable species and genotypes tailored to European urban parks,
particularly in anticipation of projected rises in air temperatures and prolonged drought
periods as forecasted by the World Meteorological Organization (WMO) [8]. In the face of
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climate change, China stands out as a potential source of woody plants suitable for European
environments [9].

Given the vital role of shrubs in urban parks and the observed decline in their presence
during park reconstructions in Belgrade over the past two decades, this research focuses on
Japanese Quince, introduced from China to European gardens at the end of the eighteenth
century [6]. The primary aim of this study was to assess how urban environmental conditions
affect the growth, phenological patterns, and key events of Chaenomeles japonica (Thunb.)
Lindl. ex Spach (Japanese Quince) within the urban park setting. The application of
phenological data in urban park design offers opportunities to: a) optimise maintenance costs,
b) guide the appropriate selection of plants based on location and purpose, and c) contribute to
achieving a high-quality, sustainable, and diverse design.

MATERIALS AND METHODS

The study was conducted in Karadjordje' Park (Ser. Karadordev park), Belgrade, where
field surveys revealed a group planting of Ch. japonica near Nebojsina Street and Boulevard
of Liberation (Ser. Bulevar Oslobodenja). Situated on historically significant grounds, the
park housed a camp and military cemetery for Belgrade liberators under Karadjordje in 1806.
The monument to Karadjordje (1848) was the first public monument in Belgrade erected to
commemorate a historical event [10]. Subsequent to the monument's installation, black locust
and horse chestnut trees were planted, and significant park expansion occurred at the turn of
the 20th century, spanning the slope from the Temple of Saint Sava to Autokomanda [10].

Presently, the park covers an area of 28,132 m? which is of great importance as it is
located in the territory of the Vra¢ar municipality, where the degree of urbanization amounts
to 95.33% [11]. The park's area under trees and shrubs covers 18,947 m?, while the Japanese
Quince occupies 68 m?, consisting of three groups of four individuals on anthropogenised
Haplic Cambisol (Eutric) soil [12], on gently sloping terrain (4.1°) with a southwest (SW)
aspect. To underscore the impact of climatic parameters on the phenological patterns and key
events of the Japanese Quince, climate data from the Main Meteorological Station (MMS) in
Belgrade, located at coordinates 44°47'54.44"N and 20°27'53.35"E, with an altitude of 132 m,
were employed [13], situated at a distance ranging from 307.97 to 472.81 m from the research
area.

Over two consecutive years (2023-2024), phenophases were documented every other day
by recording dates, which were subsequently converted into days of the year (DOY) using
software and following the BBCH scale [14]. These phases included bud breaking (BB),
marking the onset of bud opening; beginning of flowering (BF), denoting when more than
10% of flowers had bloomed; full flowering (FF), indicating when over 50% of flowers were
in bloom; end of flowering (EF), signifying when over 80% of flowers had withered; and
ripening phase (RP), identifying the day when fruits displayed the characteristic colour of
ripeness. Chilling hours accumulated (CHt) from 1 November 2022 and 1 November 2023 to
the date of BB recorded in 2023 and 2024 were determined using the method by Cosmulescu
and lonescu [15]. Heat sum accumulation (GDD) was calculated by summing mean daily air
temperatures until the onset of a specific phenophase, according to Lali¢ et al. [16], to
determine the necessary GDD for Japanese Quince and the occurrence of particular
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phenophases (in our study, flowering during two consecutive years and fruiting in 2023).
Yield abundance was evaluated on a scale ranging from 0 to 5, with O indicating no fruiting
and 5 denoting maximum fruiting. Morphometric analysis of flowers was conducted on a
sample of 400 flowers (50 flowers from each monoecious individual in FF from the southern
portion of the crown). The analysis, facilitated by the UTHSCSA Image Tool Program,
encompassed measurements of calyx length, petal length, flower diameter, and number of
petals, stamens, and pistils.

Quantitative data underwent statistical analysis employing descriptive statistics, ANOVA,
and the Spearman Rank test for inter-variable comparisons, utilising the XLSTAT 2020
software package.

RESULTS AND DISCUSSION

The phenological patterns and key events of Japanese Quince within the urban park setting
are influenced by a range of ecological factors. Among these, air temperature and
precipitation emerge as critical factors that shape plant development and, implicitly,
phenology [7,15]. These factors imply that phenophases have optimal timing, which varies
across different taxa [8]. The primary response of Japanese Quince to climate change was an
extended growing season in 2023, marked by an early onset of flowering and delayed
autumnal phenophases. Fruit retention persisted until 358 DOY and beyond, while the
growing season of 2024 began with Japanese Quince leafing out as early as January (DOY
24) and the beginning of flowering (BF) commencing after full leaf emergence,
approximately 29 days later. The duration of flowering in 2024 was 54 days shorter compared
to 2023 and exhibited lower visual appeal (Figure 1a).
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Figure 1 Phenological observations: BF, FF, EF and RP of Japanese Quince in Karadjordje s Park
in Belgrade during the research period: a) DOY; and b) GDD

The cumulative CHt required for the onset of the flowering phenophase from 1 November
2022 to BB 2023 was 634 h, whereas from 1 November 2023 to BB 2024, it amounted to 960
h. Our finding aligns with the conclusion drawn by Cosmulescu and lonescu [15] that it is
necessary to conduct multi-year research at the individual level. The observed difference
stems from the influence of climatic parameters (Figure 2). Observations of the flowering
phenophase for Japanese Quince over two consecutive years are presented in Figures 1a and
b. BF was recorded 35 days earlier in 2023 (BF DOY=17) compared to 2024 (BF DOY=52),
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with an accumulation of GDD required for BF amounting to 60.8 in 2023 and 190.0 in 2024.
The delayed onset of flowering in 2024 can be attributed to freezing days at the beginning of
the second decade of January, while the higher accumulation of heat can be attributed to the
fact that, according to the percentile method, the daily mean air temperature was within the
extremely warm category during the first and middle decades of the month, and warm in the
third decade. In February 2024 (Figure 2), temperatures reached historic highs, with a
monthly mean temperature of 11.2°C, marking an increase of 7.4°C compared to the
1991-2020 period (RHMS). The GDD values for EF followed almost the same trend, with
flowering concluding at a GDD value of 426.9 (2023) and 466.2 (2024), confirming that
GDD, rather than DQY, is crucial for phenological events. The duration of the flowering
phenophase in 2024 spanned 37 days, which was 54 days shorter compared to the 91 days
observed in 2023. This finding is in direct alignment with climatic parameters and reports of
RHMS, indicating that the winter of 2023/2024 was the warmest and driest on record, with
notably higher mean seasonal air temperatures and below-average precipitation levels
compared to the 1991-2020 period. Figure 2 provides a comparative analysis of the
relationship between air temperature and precipitation for January, February, and March of
the research years, highlighting significant fluctuations in these variables.
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Figure 2 Mean monthly air temperatures and monthly precipitation sums with their corresponding
terciles for MMS in Belgrade for the reference period 1991-2020

During 2023, RP spanned 305 DOY, with a GDD value of 3822.9. The fruits persisted
until January 2024. Figure 2 illustrates that March 2023, with air temperatures surpassing the
upper tercile threshold and precipitation within average values, can be characterised as warm
and moderately rainy according to the percentile and tercile method (RHMS). In contrast,
April 2023 was notably cold and ranked as the sixth rainiest month (RHMS). Air
temperatures fell significantly below the lower tercile, while precipitation exceeded the upper
tercile (Figure 2). A sudden temperature drop and snowfall on the 98" DOY (Figure 3), in
early April, resulted in surpassing the maximum snow cover height for that day since
measurements began in Belgrade. Nevertheless, this event did not cause snow damage or
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canopy deformities, and the flowering phenophase continued, affirming the resilience of
Japanese Quince.
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Figure 3 Mean monthly air temperature and monthly precipitation sum for April 2023 with their
corresponding terciles for the MMS in Belgrade (1991-2020)

The impact of climate change was evident in maximum temperatures, which fell below the
normal range for minimum temperatures during the period from 3 to 7 April 2023 compared
to the specified dates in the reference period 1991-2020 (RHMs). However, these conditions
did not affect the fruiting of Japanese Quince, as indicated by the highest yield rating of 5.

Spearman's correlation coefficients (p) were calculated, with a significance level of
p<0.05, confirming statistically significant values for GDD for end of flowering in the study
years. Conversely, correlations between years for climatic variables were found to be
insignificant, suggesting ongoing climate change. Moreover, it was established that there was
not continuously increasing or decreasing association between GDD and DOY, and that the
days of the year are not significant for the phenological patterns of flowering. The
significance of the year factor was affirmed by the F value (137) obtained from the ANOVA
test. Additionally, the study provides crucial insights into the morphological characteristics of
flowers from monoecious individuals, contributing to our understanding of the species'
acclimatisation.

The ANOVA test did not confirm statistically significant differences in the morphological
elements of flowers between two consecutive years, with p<0.0001 and F values ranging from
60.779 to 141.523. Male genotypes were identified, with male flowers present in all
individuals, constituting 4.7% of the total. This led to the absence of fruiting in 4 out of 12
individuals.

CONCLUSIONS

By identifying ecological strategies, and characteristics of Japanese Quince and its
genotypes within the urban park, we have determined the adaptability and potential of the
species. Apart from meeting general functionality and formal, technical, and conceptual
requirements, urban park design must consider emerging trends driven by addressing
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ecological concerns. Consequently, ecology becomes both a functional and a designing
dimension of landscape architecture.

Our research indicates certain trends based on the ecological requirements of Japanese
Quince: the vital necessity of its presence in the shrub layer for spatial insulation, noise and
dust reduction, and biodiversity preservation (serving as bird shelters). We propose that there
should be all “layers” within urban parks to maximise ecosystem benefits and enhance
ecological effectiveness and sustainability.
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Abstract

The study examines the proposition that variations in climatic factors impact the phenological
patterns of Virginia creeper within blue-green infrastructure (BGI) situated in urban areas adjacent to
major rivers. Key events of phenophases were documented alongside climatic variables as part of the
phenological observations. The findings of the investigation validate the species' suitability for
innovative strategies, suggesting that, with appropriate maintenance measures, it can contribute to the
preservation of vertical greening systems within the urban landscape. Research analyses show that
Parthenocissus quinquefolia L. demonstrates adaptability in the BGI of Belgrade and Novi Sad, even
amidst the conditions of climate change. Recommendations have been formulated to strengthen BGI
by the introduction of novel natural solutions involving Virginia creeper to mitigate climate-related
risks while revitalizing ecosystems. The integration of nature-inspired elements such as rain gardens,
green roofs, and permeable pavements is proposed as part of a solution.

Keywords: blue-green infrastructure, Virginia Creeper, urban environment, landscape design,

adaptability.

INTRODUCTION

Blue-green infrastructure (BGI) integrates various measures aimed at enhancing water
management and urban landscapes to improve the resilience against climate change. BGI
plays a pivotal role in reinstating natural water balance structures within cities by capturing
rainwater and expanding permeable surfaces. The infrastructure where plants and water
interact is crucial for provision of ecosystem services in urban environments. Namely, plant
function is dependent on the water resources, with vegetation exerting a significant influence
on local hydrological processes [1]. A comprehensive review of literature [2,3] identifies rain
gardens, green roofs, permeable sidewalks, and vertical greening systems as highly effective
components of BGI. According to the European Commission [4], tailored solutions designed
to mitigate stressors are most effective. Given the unique technical composition of each BGI
element, there is no universal BGI solution. Therefore, this study focuses on recording the
phenological patterns and key events of Virginia Creeper within the BGI of Belgrade and
Novi Sad under the influence of climate change. The objectives are: 1) to assess the condition
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and potential utilization of Parthenocissus quingefolia L. in BGI, 2) to revitalize vertical
greening systems in BGI areas near major river courses within compact urban centers through
innovative approaches, 3) to delineate environmental protection measures and conserve
selected elements by relating phenomonitoring data with climate factors, and 4) to implement
nature-based solutions.

MATERIAL AND METHODS

The research was conducted in BGI of Belgrade (location 1 - L1) and Novi Sad (location 2
- L2). At both locations, elements of public green areas near large rivers were selected (Figure
1), where Parthenocissus quingefolia L. (Virginia Creeper), a native species from North
America, was identified [5].

17. October 2023 Location 1, Belgrade eSS FN

Figure 1 Locations of the study areas

At Location 1 Virginia Creeper is part of the cascading designed entrance to the Skyline
business and residential buildings in the Sava amphitheater. The coordinates are 44°47'58.02"
N and 20°27'08.52" E, the altitude is 84-95 m, placed in the terrain with a slope of 4.2°
western exposure. The soil is anthropogenic haplic fluvisol [6], and the distance from the right
bank of the Sava River is 752.03m. In Location 2, Virginia Creeper is on the pergola, in the
,Belgrade Quay“ in the Ba¢ part of Novi Sad. The coordinates are 45°15' 04.78" N and
19°51' 21.16" E, the altitude is 77 m on the exposed terrain. The soil is anthropogenic alluvial
sand [7], and the distance from the left bank of the Danube is 24.17 m.

Phenological data are the results of monitoring during the period November 2022 to
December 2023. Observations were made visually twice a week, on the same day at both
locations using the extended BBCH scale according to Meier [8]. Application of the
mentioned scale included the following dates: bud breaking - BB (the day when the buds
began to spread), beginning of flowering - BF (the day when more than 10% of the flowers
were open), full flowering - FF (the day when more than 50% of flowers), end of flowering -
EF (day when more than 80% of flowers have bloomed), secondary flowering - SF (days
when flowering repeated), full leaf discolouration - FLD (day when 80% of the leaf mass
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acquired autumn color), end of discolouration and leaf-fall - EDL (the day when there were
no more leaves on the plants) and ripening of the fruits - RF (the day when the fruits were
ripe). Recorded dates are converted by software to days of the year, assuming that DOY 1 —is
the first of January. Accumulated cold hours (CHt) from November 1, 2022 to the date when
the BB was recorded in 2023 were determined by the Cosmulescu & lonescu [9] method.
Growing degree days (GDD) were determined for flowering phenophases according to the
method of Lali¢ et al. [10] (2021). The abundance of the crop is evaluated on a scale where 0
is the absence of fruiting, and 5 is maximum fruiting (>90%). Hourly and daily climatological
data were downloaded from RHMZ [11,12] for Location 1 from the Main Meteorological
Station (GMS) Belgrade (44°47'54.44™" N; 20°27'53.35" E; altitude: 132 m), and for Location
2 from GMS Rimski Sanéevi (45°19'19.97" N; 19°49'48.01" E; altitude: 86 m). Percentiles and
terciles methods were used for air temperature and precipitation, with the n™ percentile being
the value below which n percent of the data previously arranged in ascending order is located.
Quantitative parameters were processed using the XLSTAT2020 software package.
Photographic material was collected during the field research.

RESULTS AND DISCUSSION

At Location 1, P. quingefolia is 4 years old, while at Location 2 it is 16 years old. The
number of required CHt for the beginning of the vegetation period from November 1%, 2022
to BB 2023 was 1411 h (at Location 1) and 1658 h (at Location 2). The result is consistent
with the research of Coultts et al. [13]. Differences in CHt between the analyzed locations may
be the result of different ages of plants and the influence of climatic parameters, primarily the
influence of the urban heat island (UHI) in Location 1 (Table 1).

-

~ v . & -
W . 20. June 2023
12, June 20 . :

Figure 2 Phenological observations: GDD and DOY for the flowering phenophase during 2023
(BF, FF, EF) and secondary flowering (SF) in a) Belgrade (L1); and b) Novi Sad (L2)

Figure 2 shows observations of the flowering phenophase for Virginia Creeper at the 2
research locations. BF was recorded 6 days earlier at Location 1 (BF DOY=153), but GDD
accumulation requirements for both location was 968.3 (L1) and 967.7 (L2), which confirms
that DOY is not crucial for phenological events but rather GDD. The GDD values for FF and
EF have the same trend. The earlier BF in Location 1 is explained by the influence of UHI,

121



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

and the secondary flowering in Location 2, lasting 5 days in July 2023, by the influence of
climatic parameters (tables 1 and 2) as previously shown in the research of Ocokolji¢ et al.
[14]. According to the percentile and tercile method, July in Location 2 was very warm and
dry, and in Location 1 very warm and rainy with a deviation of 159 mm of precipitation
compared to the reference period 1991-2020, which is why no secondary flowering was
recorded in Location 1. Our findings in Location 1 showed that the length of autumnal
colorful ornamental effect lasted 71 days similarly to the research of Petrov et al. [15] where
it lasted 70 days, with an almost identical beginning (DOY 290) and the same ending (DOY
361), as well as the typical coloration reported for the species [4] during this period. At
Location 2, the length of autumnal color was 49 days (DOY 303 - DOY 359), and the
presence of red and red-purple color was short, after which the leaves changed to shades of
brown (Figure 3).

Months | Jan | Feb | Mar | Apr | May | Jun | Jul Aug

Location
1 - Belgrade
2 - Novi Sad
Legend:
l I |
Dormancy, leaf Leafing Flowering Leaf color change
abscission before leaf

abscission

Figure 3 Phenogram of Virginia Creeper for 2023 in Belgrade and Novi Sad

The obtained results correlate with the percentiles and terciles for October and November,
which for Location 1 were in the category of very hot and dry in October, and in November in
the category of normal and very rainy; while for Location 2 they were in the categories of
very warm and dry in October, and warm and rainy in November (Tables 1 and 2). The
duration of autumnal color change observed during the autumn and early winter of 2023/24 in
both Location 1 and Location 2 correlates directly with climatic factors. These results are
consistent with Andersen and Jordheim's [16] observations, which suggest that the alteration
in leaf color during autumn is driven by shifts in the metabolic activity of temperate woody
plants, as well as that the combination of warm, sunny days and cold and mild nights
stimulates the production of anthocyanin pigments that affect the autumn red, purple and
crimson color. According to the same authors, the altitude also affects the pace of the
autumnal color change, however, this factor is irrelevant in our study since both locations
share similar elevations. In both locations, the yield was maximum with a grade of 5. These
attractive blue-black fruits are toxic to humans and mammals but serve as a food source for
various bird species, including woodpeckers and thrushes.
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Table 1 Mean monthly air temperatures and associated percentiles and terciles and their deviations in
Location 1 and Location 2 in relation to the reference period 1991-2020

Perc. Tmean 1991 1991- 1991 Terciles**
L T;nean Cat.* (°C) Devoi ation 2020 2020 2020
(°C) 12909210_ 12909210_ (°C) 33.-Perc. 50.-Perc. 66.-Perc. Cat.
March
1 101 W 8.3 1.8 7.5 8.2 9.1 1
2 9.0 \W 7.0 2.0 5.9 6.8 7.9 1
April
1 112 EC 13.6 -2.4 12.8 13.5 14.2 -1
2 104 EC 12.4 -2.0 11.8 12.6 13.1 -1
May
1 174 N 18.2 -0.8 17.5 18.2 19.1 -1
2 172 N 17.3 -0.1 16.9 17.3 17.8 0
Jun
1 218 N 21.9 -0.1 21.1 21.8 22.4 0
2 215 N 20.9 0.6 20.1 20.6 21.5 0
July
1 260 VW 23.8 2.2 23.1 23.7 24.3 1
2 247 VW 22.5 2.2 21.9 22.2 22.9 1
August
1 247 N 23.8 0.9 22.6 24.1 24.8 0
2 237 N 22.4 1.3 215 22.3 23.0 1
September
1 222 EW 18.5 3.7 17.6 18.3 19.3 1
2 214 EW 17.2 4.2 16.3 17.2 18.0 1
October
1 176 EW 13.3 4.3 12.6 13.3 14.4 1
2 16.6 EW 12.0 4.6 11.6 12.1 13.0 1
November
1 9.5 N 8.1 1.4 7.6 8.3 9.2 1
2 8.4 W 6.8 1.6 6.5 7.1 7.9 1

* Extremely warm (EW), Very warm (VW), Warm (W), Normal (N), Very cold (VC), Extremely cold (EC)
** Warm (1), Normal (0), Cold (-1), categorization RHMZ

Based on the analysis of species phenomonitoring at two locations, the following
recommendations are formulated: a) Continuous, multi-year monitoring of phenological
patterns is imperative; b) Greater integration of vertical greening systems within urban
landscapes of blue-green infrastructure (BGI) is advised; c) Utilization of the species in novel
BGI elements is encouraged, given our research confirms its adaptability in adverse
conditions. Furthermore, the implementation of innovative nature-inspired solutions is
suggested to mitigate climate risks and foster ecosystem regeneration. Our research validates
the resilience of Parthenocissus quingefolia L. in environments characterized by low nutrient
levels, drought, urban heat island (UHI) effects, and varying temperature and radiation levels.
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Table 2 Monthly precipitation sums and associated percentiles and terciles and their deviations in
Location 1 and Location 2 in relation to the reference period 1991-2020

Perc. Sum 1991- 1991- -
_Sum _ Cat*  (mm) Deviation 2020  0p0  '%%1-2020 Terciles
i) 12909210_ 12909210_ i) 33.-Perc. 50.-Perc.  66.-Perc. Cat.
March
1 37.6 H 48.7 -11.1 27.5 42.6 64.8 -1
2 25.3 H 38.7 -13.4 30.3 36.7 47.8 0
April
1 79.0 K. 51.5 27.5 38.1 52.1 59.5 1
2 63.9 K. 46.6 17.3 30.3 43.2 54.0 1
May
1 92.8 K. 72.3 20.5 50.2 62.1 79.6 1
2 1248 BK. 78.2 46.6 59.4 74.0 84.8 1
Jun
1 756 H 95.6 -20.0 55.7 83.0 127.0 0
2 35.4 C 93.0 -57.6 65.0 94.2 107.0 -1
July
1 468 H 66.6 -19.8 35.3 434 58.2 0
2 582 H 69.5 -11.3 39.9 59.8 78.3 0
August
1 87.7 K. 55.1 32.6 42.8 47.6 64.5 1
2 399 H 59.7 -19.8 30.1 46.6 78.8 0
September
1 71.2 H 58.6 12.6 40.2 51.7 61.9 1
2 635 H 58.9 4.6 35.0 51.4 76.9 0
October
1 13.0 BC 54.8 -41.8 35.0 50.4 73.5 -1
2 11.4 C 58.6 -47.2 34.0 61.3 80.0 -1
November
1 1103 BK. 49.6 60.7 33.8 48.1 60.2 1
2 83.8 K. 51.5 32.3 32.7 43.8 64.2 1
CONCLUSION

The analysis of Virginia Creeper phenological monitoring in Belgrade and Novi Sad
reaffirmed the species' exceptional adaptability. This characteristic highlights its potential
application in innovative strategies aimed at revitalizing and conserving elements of blue-
green infrastructure (BGI) through the implementation of appropriate maintenance practices.
Beyond its role as a lush green covering, the species serves as a biomeliorator, aiding in soil
erosion control, dust retention, and mitigating air pollution. It holds significance as an
ornamental plant, contributing to the management of urban BGI environments situated near
major river courses.
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Abstract

The most important factors that influence the condition of the Lower Danube (Serbian stretch) are
regulation, damming of the river and the potential influence of structures used as temporary dumping
sites for ship debris and equipment. The aim of this paper was to determine the state of the benthic
macroinvertebrate community in the area under these influences. A total of 110 taxa in 14 taxonomic-
ecological groups were recorded at three surveyed sites. The recorded benthic macroinvertebrate
fauna was typical for large lowland rivers and was dominated by Diptera (Chironomidae),
Oligochaeta, followed by Gastropoda and Crustacea. Allochthonous invasive species were found to
have colonized Serbian aquatic ecosystems, originating from the Ponto-Caspian region, East Asia and
North America. Theodoxus transversalis (C. Pfeiffer, 1828), an endangered species in Serbia, was
also found. The identified impacts can be assessed as locally significant and the negative impacts are
of negligible significance.

Keywords: benthic macroinvertebrate, the Danube River, damms, invasive species, protected

species.

INTRODUCTION

At around 800,000 km? the Danube catchment area is the second largest river basin in
Europe. The catchment area extends across 17 countries and the total length of the river is
2,857 km. The Serbian section of the Danube has a length of 588 km. The catchment area
covers 178,000 km? within the borders of our country. The largest part of the Danube through
Serbia (358 km) belongs to the Pannonian plain. In this section, the Danube is a typical
lowland river. The construction of the dam at 943 rkm (lron Gate I, 1970) created a large,
100 km long reservoir. After the Danube was dammed, the flow velocity upstream to
Slankamen (1,215 km) was slowed down. In 1984, another dam (Iron Gate |1, 863 rkm) was
built. The Iron Gate sector is a transitional area (between the middle - Panonian and the lower
part of the Danube) and in many aspects (geomorphology, hydromorphology, etc.) this river
sector is specific. The long-term harmful effects result mainly from the increase in untreated
industrial and municipal wastewater from the rapidly growing cities along the riverbanks and
from the changes in the hydrological regime caused by the damming of the Danube and the
construction of the Iron Gate hydropower plants [1]. In addition, this sector is an important
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target for monitoring, as the river section is under considerable human pressure on the
territory of Serbia and neighboring countries.

The aim of this study was to analyzed the benthic macroinvertebrate communities in this
river sector that is under the influence of the dams on the Danube (HPP “Iron Gate 1” and
“Iron Gate 27).

MATERIALS AND METHODS

The study area includes investigations of the Danube in the section from Kusjak (863 rkm),
Prahovo (861 rkm) to Radujevac (851 rkm) at a total of 3 investigation sites. Kusjak is an
international border crossing and is also the last port of departure on the territory of Serbia on
the Danube River. Prahovo is an industrial settlement northeast of Negotin. The port of
Prahovo is located 4 km downstream Iron Gate 2 hydroelectric power plant. Radujevac is the
settlement situated upstream the confluence of the Timok and the Danube.

Sampling at the above-mentioned locations was part of the research that was carried out
every year during spring and autumn in cooperation with the Institute of Water Management
“Jaroslav Cerni” to monitor and analyzed the effects of the reduction in flow velocity on
water quality and the environment in the Derdap area. In addition to the data from the
databases, the lists were supplemented with results collected during field research at the
Prahovo site in 2023 (Figure 1).

& @ sites
= Derdap 2 HPP

[ Country boarders
— Rivers

Figure 1 Map of sampling localities

Sampling was carried out using different techniques adapted to the characteristics of the
habitat along the large lowland rivers. Samples of aquatic macroinvertebrates were collected
with a benthological handnet with a mesh diameter of 250 um in the coastal zone (up to 1.5 m
depth) from all available microhabitats, using the Multi-Habitat Sampling (MHS technique)
[2], and in zones with greater depth samples were collected with a benthological dredge and a
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Van Veen grab with a catchment area of 270 cm? [3]. Samples were collected with a dredge
by dragging it across the river bottom over a length of approximately 10 m with 3 transects
along the river cross-section. Where possible, the samples were also collected by diving.

The organisms were sorted and identified using a Nikon SMZ800N stereomicroscope
(magnification 10-80x) and ZEISS Axio Lab.Al microscope (magnification 1000x).
Organisms were identified to the lowest possible taxonomic level using appropriate
identification keys. All community parameters calculations, based on a macroinvertebrate
taxa list, were performed using ASTERICS 4.04 software package.

RESULTS AND DISCUSSION

A total of 110 taxa in 14 taxonomic-ecological groups were recorded at the Danube studied
sites. The most diverse benthic groups are Diptera with 30 recorded taxa, 25 of which belong
to the family Chironomidae, and Oligochaeta with 27 recorded taxa. In addition to these
groups, a great diversity was also found in the groups of Crustacea and Gastropoda with
15 and 14 recorded taxa respectively. The diversity of other macroinvertebrate groups was
lower: 8 taxa were recorded in the Trichoptera group, 2 taxa in the Ephemeroptera and
Polychaeta groups. Three groups of macroinvertebrates were represented by only one species:
Nematoda, Coleoptera and Coelenterata.

The highest number of taxa (78) was recorded at the Radujevac site. A significant taxa
richness was also found at the Kusjak site (58), while the lowest number of taxa (26) was
recorded at the Prahovo site. The number of recorded taxa per site is shown in the Figure 2.

80
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40
30

20
10
0

Kusjak Prahovo Radujevac

Figure 2 Number of taxa per sampling sites

The most dominant group in the community in terms of percentage contribution was the
Oligochaeta (29.44%), while the rest of the community consisted of Diptera (28.43% - almost
80% of the Diptera belonged to the family Chironomidae), Gastropoda (18.25%) and
Crustacea (14.1%). Other taxa groups had a lower percentage participation in the benthic
community (Figure 3). The groups Trichoptera and Bivalvia formed the community with
5.07% and 3.58% percentage participation, respectively, while the rest of the community had
a percentage participation of less than 1% of the total community.
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Figure 3 Percentage of benthic macroinvertebrate taxa in the community

The most abundant species in the community were representatives of the family
Chironomidae: Cricotopus bicinctus (Meigen 1818), Polypedilum gr. scalaenum and
Cricotopus gr. sylvestris. All three species were found at the Radujevac site. The number of
the Oligochaeta species Limnodrilus hoffmeisteri Claparede 1862, was significant, especially
at the Kusjak site.

According to the ecological classification of taxa in terms of saprobic valence [4],
[B-mesosaprobic taxa are the most represented with a percentage of 32.6% and 20.97% of the
taxa could be characterized as o-mesosaprobic (tolerant to high loads of organic material).
The oligosaprobic group (tolerant to low levels of organic matter pollution) participated with
12.39% in the community, while polysaprobic organisms were recorded with 10.93%. Only
0.04% of the recorded taxa belong to the xenosaprobic group (tolerant to the lowest levels of
organic matter pollution). For 23.07% of the community, there is no data to classify them in
terms of saprobic tolerance. A high percentage of a- and -mesosaprobic organisms in the
entire community indicates moderate organic pollution.

The community was observed according to zonation preferences within the river
continuum (longitudinal zonation). Most of the recorded species (42.86%) were typical of the
lower reaches of a river (the potamal type: epi-, metha- and hypopotamal). A smaller
proportion (18.32%) belonged to the taxa typical of the upper river sections (the rhithral — epi,
metha-, hyporhithral), while 15.71% of the recorded taxa belong to organisms that occur in
the littoral zone. As expected, the percentage of taxa favoring the headwaters of the river was
very low. A similar distribution pattern was observed for each site.

As far as flow preference is concerned, the recorded community is characterized by the
dominance of rheo-limnophilous taxa, which prefer slow-flowing streams and lentic zones
and also occur in stagnant waters (Type RL-21.49%). The rheophilous type of taxa (Type
RP), which occurs in streams and favors zones with moderate to high flow velocity, was
recorded with 16.16% of recorded taxa. 8.03% was indifferent taxa (Type IN), which have no
preference for a particular current velocity. The next type was limnophilous (Type LR) with
8.82% taxa characterized as preferring stagnant waters but regularly occurring in
slow-flowing streams. Limnophilous taxa, which prefer stagnant waters, avoid currents and
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are rarely found in slow-flowing streams (Type LP), accounted for 4.47% of the community.
40.73% of the taxa could not be classified in regard to current velocity preference.

The structure of the community in terms of its adaptation to different habitat types shows
that organisms favoring fine to medium-sized grains, mud, silt and sand (pelal, argilal and
psammal) were recorded with 23.98% of the total community, followed by lithophilous taxa,
favoring coarse gravel, stones and boulders (grain size >2 cm) (16.39%). Phytophylous taxa,
which favor algae, mosses and macrophytes, including living parts of terrestrial plants as a
specific microhabitat, were recorded with 10.3% of the total community. 4.78% of the
recorded taxa belong to Type POM, which favor particulate organic material such as woody
debris. For the 42.37% of taxa, there is insufficient data on microhabitat preference.

Among the main feeding types, the collectors were the dominant group, making up 41.01%
of the community. Grazers and scrapers (26.66%) and active and passive filter feeders (almost
15%) were also abundant. The predators and shredders were detected with a lower percentage
(3.51% and 2.07%, respectively). A smaller number of taxa belonged to other feeding types.

The Danube as a part of the southern invasive corridor in Europe [5] represents one of the
most interesting areas for the monitoring and spread of non-native aquatic species. The
dispersal routes in Serbia continue along the main tributaries, the Sava, Tisa and Morava
Rivers. The natural habitats of alien species that have colonized Serbian aquatic ecosystems
are the Ponto-Caspian region, East Asia and North America [6] Allochthonous invasive
species were found in the groups of Oligochaeta (Branchiura sowerbyi Beddard, 1892),
Polychaeata (Hypania invalida (Grube, 1860) and Manayunkia caspica Annenkova, 1929),
Gastropoda (Clathrocaspia knipowitschii (Makarov, 1938)), Bivalvia (Corbicula fluminea
Mdiller, 1774, Dreissena bugensis Andrusov, 1897 and Dreissena polymorpha Pallas, 1771)
and Crustacea (Chelicorophium robustum (G.O. Sars, 1895), Corophium curvispinum Sars,
1895, Corophium robustum G.O. Sars, 1895, Corophium sowinskyi Martynov, 1924,
Dikerogammarus haemobaphes (Eichwald, 1841), Dikerogammarus villosus Sowinsky, 1894,
Echinogammarus ischnus Stebbing, 1899, Faxonius limosus (Rafinesque, 1817), Limnomysis
benedeni Czerniavsky, 1882, Jaera istri Veuille, 1979 and Paramysis (Serrapalpisis)
lacustris (Czerniavsky, 1882)). In addition to the non-native species, species of great
importance for protection and conservation were also found in the study area. At the Prahovo
site, a considerable relative abundance of Theodoxus danubialis (Pfeiffer, 1828) and
Theodoxus fluviatilis Linnaeus, 1758, were found. These species are characteristic for the
Derdap sector of the Danube. The species Theodoxus transversalis (C. Pfeiffer, 1828), an
endangered species in Serbia, which will be included in the first edition of the Red Book for
the territory of Serbia (unpublished data), was also found.

CONCLUSION

The construction of Iron Gate dams lead to the changes in the quantity of suspended
particles due to disturbance of sediment at the river bottom, changes in water quality due to
mobilization of pollutants from sediment and morphological changes to the riverbed. These
changes of the environment influence structure of macroinvertebrate communities. Thus, the
recorded benthic macroinvertebrate fauna was typical for large lowland rivers, with
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predominance of fine and medium substratum (akal, psammal/psammopelal, argyllal). The
recorded communities were dominated by Diptera (especially Chironomidae), Oligochaeta,
followed by Gastropoda and Crustacea groups.

The mentioned changes may affect the entire macroinvertebrate community, mainly the
relation of native and alien species, especially invasive ones. The populations of the
endangered species T. transversalis present at Prahovo are significant and should be
protected.

Even though the negative impacts of the Iron Gate dams are of negligible importance, the
identified impacts can be assessed as locally significant.
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Abstract

The aim of this work was qualitative and quantitative determination of five phthalates: dimethyl
phthalate (DMP), di-n-butyl phthalate (DBP), benzyl butyl phthalate (BBP), di(2-ethylhexyl)phthalate
(DEHP) and di-n-octyl phthalate (DOP) in 13 plastic articles intended for children's use using the
GC-MS technique. The testing by dissolving plastic articles in tetrahidrofurane (THF) resulted that all
13 examined plastic items were made of polyvinyl chloride (PVC) plastic. By further gas
chromatography-mass spectrometry analysis (GC-MS), it was determined that 6 PVC articles contain
DEHP in mass percent 17.20 to 20.28%, while the remaining 7 PVC articles contain DOP in the
following mass percentages 7.82 to 11.92%. PVC articles that contain DEHP originate from Chinese
market. PVC articles that containes DOP originate from the Europeann market. The obtained results
are in accordance with the legislation, which gives a limit for the tolerable daily intake for DEHP in
Europe, while there is no limit for DOP. Certainly, the values for both DEHP and DOP are extremely
higher compared to the values provided for by European regulative, which concern assembled toys
intended for children's use.

Keywords: di(2-ethylhexyl) phthlate, di-n-octyl phthalate, PVC, GC-MS.

INTRODUCTION

Because of the benefits it provides, plastic is a widespread material that is used in almost
all spheres of life: medicine, pharmaceuticals, household, food and beverage packaging, for
clothing production, etc. Due to its widespread use, people are exposed to plastic daily, and
thus are also exposed to additives in plastic, of which phthalates are the most abundant [1].
Phthalates are a series of chemical compounds, which are most often used as plasticizers
added to polyvinyl chloride (PVC) plastics. Plastics that contain phthalates are flexible, soft,
and convenient to use for various purposes. Because of their physic-chemical properties,
phthalates are easily leached from plastic into the environment, in which people are exposed
to the harmful effects of phthalates on health. Phthalates have been identified as endocrine-
disrupting chemicals which interfere with normal hormonal actions and harmful influence on
growth and reproductive system. Children are particularly sensitive to the exposure to
endocrine disruptors during early growth [2]. Given that children often encounter plastic toys
while growing up, the European Commission has restricted the use of some phthalates.
According to directive 1907/2006/EC, products containing more than 0.1% of
di(2-ethylhexyl)phthalate (DEHP), di-n-butyl phthalate (DBP) and benzyl butyl phthalate
(BBP) (individually or together) in relation to the weight of the plastic product may not be
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placed on the market. Also, this directive prohibits the placing on the market of plastic
products that children can put in their mouths, which contain DINP, DIDP and di-n-octyl
phthalate (DOP) in a concentration above 0.1% by mass [3]. European Food Safety Authority
(EFSA) had set the tolerable daily intakes (TDI) for these phthalates: 0.01, 0.05, 0.5 mg/kg
body weight per day for DBP, DEHP and BBP, respectively [4]. Although there are clear
regulations and laws related to phthalates, the amount of phthalates in certain articles, the
amount of phthalates that can be introduced into the body during the day (TDI), there are
manufacturers who, due to the properties that phthalates provide to plastic, as well as the cost
of production, still use phthalates in the production of articles in which the presence of
phthalates is strictly prohibited. Such is the case with toys that are intended for children and
are made of PVC. That is why it is necessary monitoring of phthalate concentration in PVVC
articles, for which different techniques are applied. The chromatographic methods frequently
used for phthalates determination because of their high sensitivity and selectivity. Technique
based on gas chromatography (GC) are GC with Mass Detector (GC-MS), GC with flame
ionization detector (GC-FID), solid phase microextraction coupled with GC
(SPME-GC-FID), single drop microextraction coupled to GC (SDME-GC-FID), etc.
Technique based on high-performance liquid chromatography (HPLC) are solid phase
microextraction HPLC (SPME-HPLC), solid phase extraction-HPLC (SPE-HPLC), liquid
chromatography coupled with MS (LC-MS), etc.

In this paper thirteen plastic toys are analysed for phthalate content. The qualitative and
quantitative determination of five phthalates: DMP, DBP, BBP, DEHP and DOP in thirteen
plastic toys, was performed by GC-MS analysis.

MATERIALS AND METHODS
Reagents and materials
Chemical reagents

The tetrahidrofurane (THF, HPLC grade) was purchased from Fischer scientific (USA).
The n-hexane (HPLC grade) was purchased from Carlo Erba (France). The DMP, DBP, BBP,
DEHP and DOP were purchased, in the highest available purity, from Sigma-Aldrich (USA).
Dibutyl adipate (DBA) was purchased from Fluka (Switzerland) and used as an internal
standard.

Plastic articles

Thirteen plastic toys were bought in three different stores in Serbia, although there was
composition declaration for only four toys. The declarations of remaining nine analysed toys
did not provide information regarding manufacturer or composition. There was only
indication of the country of origin of the product. Plastic toys (no. 1-6) were bought in a
Chinese store in Serbia, and there was no declaration (country of origin is China). Plastic toys
(no. 7-13) were bought in store in Serbia (country of origin is Poland). First three toys (no.
7-9) were marked as plastic only, while other toys from this group (no. 10-13) were marked
as being made of PVC plastic.
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Preparation of calibration standards

All stock, intermediate and working solutions were prepared in n-hexane. The stock
solutions of five phthalates separately and DBA were prepared at a concentration about
1000 pg mL™. The stock standard was diluted stepwise with n-hexane to prepare working
solutions of five phthalates. The calibration standard series was obtained with five phthalates
at concentration range 0.25, 0.50, 1.00, 1.50 and 2.50 pg mL™ with DBA at a concentration of
1pgmL™

Apparatus and equipment

Gas chromatographic analysis was performed by Gas Chromatograph 6890 (Hewlett-
Packard, USA) equipped with a mass selective detector (MSD) 5973 (Hewlett-Packard,
USA), Auto sampler 7683 (Agilent, USA) and SGE 25QC2/BPX5 0.25 capillary column
(25 mx0.22 mmx0.25 um, non-polar). The gas chromatograph was operated in the split less
injection mode. The oven temperature was programmed from initial temperature 90°C (hold
time 0 min) to 280°C at a rate of 20°C min™ with hold time of 4 min, and post run 300°C
(2 min). Helium was the carrier gas (flow rate of 1.0 mL min™). The operating temperature of
the MSD was 280°C with the electron impact ionization (El) voltage of 70 eV. The dwell
time was 100 ms. The MSD was used in the single ion-monitoring mode (SIM), the
quantification ion is m/z 149 for DBP, BBP, DEHP, DOP, m/z 163 for DMP and ion m/z 185
was chosen as representative ion of DBA. Analyte response was normalized to DBA as
internal standard. The identification and quantification of target compound was based on the
relative retention time, the presence of target ions and its relative abundance. Both data
acquisition and processing were accomplished by Agilent MSD ChemStation® D.02.00.275
software.

The centrifuge Jouan C4l Benchtop (Termo Fisher) was used for separation and the
analytical balance (Kern, CA) with accuracy of £0.00001 g for gravimetric measurements.

Sample preparation

To confirm that these plastic articles are PVC, the mentioned articles were dissolved in
THF. Dissolution was accelerated using an ultrasonic bath with gentle heating. Bearing in

mind that PVC plastics are dissolved in THF, it was considered that all investigated articles
which were dissolved in THF, were made of this kind of plastic material.

The noted 13 plastic articles were weighted and dissolved in 4 mL THF. To obtain
solutions of phthalates without plastic polymer, after dissolving of PVC articles in THF,
10 mL of n-hexane was added to each sample with the aim of polymer precipitation. Obtained
turbid solutions were centrifuged at 3500 rpm and filtered through the 0.45 um PTFE filter. A
certain volume of THF-n-hexane solutions (10 pL) were diluted with n-hexane and after
adding DBA as internal standard, samples were analysed by GC-MS technique.

RESULTS AND DISCUSSION
GC-MS analysis

The SIM GC-MS chromatogram of a standard solution of five investigated phthalates and
DBA is given in Figure 1. The given chromatogram shows good separation of phthalates and
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DBA occurred within a running time of 13.5 min with retention times for DMP, DBA, DBP,
BBP, DEHP and DOP 4.78, 6.38, 7.41, 9.23, 9.83, 10.88 min, respectively.
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Figure 1 SIM GC-MS chromatogram of the standard solution of phthalates in concentrations of
2.5 pug mL™ and DBA in concentration 1.0 pg mL™

The calibration curves were linear in the range from 0.25 to 2.5 pg mL™ with correlation
coefficients of calibration curves higher than 0.990. A calibration curves are presented in
Figure 2. The limit of determination (LOD) and limit of quantification (LOQ) were calculated
from the signal/noise ratios which were multiplied with the factor 3 and 10 respectively [5].
The LOD values for DMP, DBP, BBP, DEHP are 0.03 for each and for DOP is 0.06 ug mL*;
the LOQ values for DMP, DBP, BBP, DEHP are 0.10 for each, and for DOP is 0.20 pg mL™%;
The relative standard deviation (RSD) values for DMP, DBP, BBP, DEHP, DOP are 7.14,
10.00, 6.67, 6.67, 12.50 % (n=3), respectively.
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Figure 2 Calibration curves for DMP, DBP, BBP, DEHP and DOP (P, and Ps represent the
chromatographic peak areas of analyte and internal standard, respectively)

Determination of phthalates in plastic articles

All thirteen investigated plastic articles were dissolved in THF, which showed that they are
PVC plastic. These PVC articles were further analyzed for phthalate content by GC-MS
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technique after above described preparation. Results obtained after GC-MS analysis showed
the presence of DEHP and/or DOP in each investigated article, while DMP, DBP and BBP
were not detected. SIM GC-MS chromatograms of two PVC articles are shown in Figure 3.
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Figure 3 SIM GC-MS chromatogram of a) PVC article no. 2; b) PVC article no. 13

The percentage of DEHP and DOP in PVC toys obtained using GC-MS analysis are given
in Table 1. The results show that PVVC toys bought in a Chinese store (no. 1-6) contain DEHP
in a mass percentage of 17.20 to 20.28%, the DOP mass percentage in these toys is negligible
and amounts of 0.04 to 1.03%. The toys (no. 7-13) made in Poland contain DOP in higher
amount than DEHP, with a mass percentage of 7.82 to 11.92%. The DEHP mass percentage
in these toys amounts to 0.00 to 0.44%.

Table 1 Mass percentage of DEHP and DOP in PVC articles
Phthalates in PVC toys (%0)

No.
DEHP DOP

1 17.20 £ 0.23 0.14 +0.07
2 20.28 +1.48 0.04 £ 0.03
3 19.06 £ 0.47 0.30 £ 0.02
4 17.94 + 0.65 0.09 £ 0.00
5 17.83+1.12 0.11+£0.00
6 19.43+1.19 1.03+£0.25
7 0.44 +0.16 9.91+0.93
8 0.17 +£0.08 7.82+0.20
9 0.05+0.04 9.69 +£0.64
10 0.05+0.04 11.80 £ 0.19
11 0.05+0.02 11.20 + 1.66
12 0.10+0.00 10.29 £ 0.20
13 0.0+£0.0 11.92 £ 0.58
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CONCLUSION

By comparing the obtained results, toys of Chinese origin contain a large percentage of
DEHP, while toys of Polish origin contain a large percentage of DOP. These results can
connect with the fact that the EFSA set a TDI limit for DEHP of 0.05 mg/kg body weight,
while EFSA did not set a limit for TDI for DOP. In this regard, toys produced in Europe only
contain DOP. However, bearing in mind that there is legislation related to children's toys
where both DEHP and DOP are limited to 0.1% of the toy's mass, it concludes that the
obtained values for mass concentration of DEHP and DOP by performed GC-MS analysis are
significantly increased compared to the permitted ones, as much as 200 times for DEHP and
100 times for DOP. These results are worrying, considering the impact of phthalates on
children's health.
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Abstract

Children often come into contact with toys made of polyvinyl chloride (PVC) in their earliest years,
during the period when they put toys into mouth. For this reason, the aim of this work was
optimization the liquid-liquid extraction of phthalates from artificial saliva, in order to determine the
most favourable conditions under which the maximum migration of phthalates into the appropriate
extraction agent occurs. The analyzed phthalates were dimethyl phthalate (DMP), di-n-butyl phthalate
(DBP), benzylbutyl phthalate (BBP), di-2-ethylhexyl phthalate (DEHP) and di-n-octyl phthalate
(DOP). The gas-chromatography coupled with mass-spectrometry (GC-MS) technique for the
phthalates quantitative determination were used. The applied parameters of extraction were different
extraction agent, agitation time, agitation type, application of reextraction, evaporation of the extract
to dryness and evaporation to about 1 mL. The parameters that gave the best recovery values for all
investigated phthalates are the application of n-hexane, manual shaking, shaking in an ultrasonic
bath, evaporation of the extract to a volume of about 1 mL.

Keywords: phthalates extraction, artificial saliva, GC-MS.

INTRODUCTION

Phthalates, or diesters of phthalic acid (1,2-benzenedicarboxylic acid), represent a large
group of chemical compounds that are widely used as plasticizers. By adding phthalates to the
polymer, the plastic material gains softness and flexibility. Usually, phthalates are added to
polyvinyl chloride (PVC) [1]. Such PVC is widely used in various industries, for the
production of medical equipment, cosmetics and pharmaceuticals materials, food packaging
products, household equipment, childcare articles, including plastic toys, etc. [2]. Since
phthalates are not covalently bound to the polymer, they can be leached from the plastic under
appropriate conditions. The conditions under which the level of migrated phthalates increases
are UV radiation, elevated temperature, unsuitable storage conditions, contact with fatty
foods, etc. [3]. In this way, people are exposed to phthalates and their effects, where
phthalates are known as endocrine disruptors. As such, they have a harmful effect on the work
of hormones and affect the irregular development of the organism, leading to various
malformations and diseases [4]. Because of this, there are laws that prohibit or limit the use of
certain phthalates. Since phthalates can enter the body from various sources, but most often
through ingestion, through food and drink, the European Food Safety Authority (EFSA)
introduced values for the tolerable daily intakes (TDI) for certain phthalates, so for DEHP is
0.05 mg/kg, for DBP is 0.01 mg/kg and for BBP is 0.5 mg/kg body weight per day [5].
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Bearing in mind the large use of plastic children's toys that are made of PVC, which
contain certain phthalates in their composition, although there are prohibits for this, it is
important to constantly control and monitoring of the composition of such articles. Given that
children can put the mentioned PVC article in their mouths, this way children’s saliva can be
contaminated with phthalates from toys. Children, due to their development, are more
sensitive to the effects of endocrine disruptors, such as phthalates, and this is precisely why it
is important to constantly monitor the migration of phthalates from these articles into the
surrounding environment, in this case saliva. The most commonly used techniques for
determining phthalates are techniques based on gas or liquid chromatography: gas
chromatography coupled with mass spectrometry (GC-MS), liquid chromatography coupled
with MS (LC-MS), solid phase micro extraction high-performance liquid chromatography
(SPME-HPLC), etc. [6].

The aim of this work was to optimize the liquid-liquid extraction of phthalates from
artificial saliva, which implies obtaining the most favourable conditions for phthalate
extraction, including the choice of extraction solvent, extraction time, repetition of extraction
and method of agitation. Optimisation parameters were investigated for five different
phthalates: DMP, DBP, BBP, DEHP, DOP and determination was done using GC-MS
technique.

MATERIALS AND METHODS

Reagents and materials

Chemical reagents

The n-hexane (HPLC grade) was purchased from Carlo Erba (France), the chloroform
(HPLC grade) and ethyl acetate (HPLC grade) were purchased from J.T. Baker (UK). DMP,
DBP, BBP, DEHP and DOP were purchased (99.7% purity) from Sigma—Aldrich (USA).
Dibutyl adipate (DBA) was purchased from Fluka (Switzerland) and used as an internal
standard.

Preparation of calibration standards

The standard solutions of five phthalates at a concentration range 0.25, 0.50, 1.00, 1.50 and
2.50 pg mL™ with DBA at a concentration of 1 pg mL™ were prepared in n-hexane by diluted
of their working solutions of 100 ug mL™ of each.

Artificial saliva

For optimization of liquid-liquid phthalates extraction from artificial saliva, artificial saliva
was prepared according to the standard procedure of the European Commission [7]. The
amounts of chemicals given in Table 1 were dissolved in 1 L of distilled water, the pH was
adjusted to 6.8 with hydrochloric acid and the artificial saliva prepared by mentioned way was
stored in the dark.
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Table 1 Salts used in the preparation of artificial saliva

Chemical compound Molecular formula Concentration (mmol L'l)
Magnesium chloride MqgCl, 0.82
Calcium chloride CaCl, 1.00
Dipotassium hydrogen phosphate K,HPO, 3.30
Potassium carbonate K,COs 3.80
Sodium chloride NaCl 5.60
Potassium chloride KCI 10.00

Apparatus and equipment

Gas chromatographic analysis was performed by Gas Chromatograph 6890 (Hewlett-
Packard, USA) equipped with a mass selective detector (MSD) 5973 (Hewlett-Packard,
USA), Auto sampler 7683 (Agilent, USA) and SGE 25QC2/BPX5 0.25 capillary column
(25 m x 0.22 mm x 0.25 pm, non-polar).

The analytical balance (Kern, CA) with accuracy of +0.00001 g for gravimetric
measurements was used.

The Vortex Genie (Scientific industries, USA) was used for vigorous shaking solution of
artificial saliva.

The ultrasonic bath was used for shaking solutions of artificial saliva.
GC-MS technique

The gas chromatograph was operated in the splitless injection mode. The oven temperature
was programmed from initial temperature 90°C (hold time 0 min) to 280°C at a rate of 20°C
per min with hold time of 4 min, and post run 300°C (2 min.). Helium was the carrier gas
(flow rate of 1.0 mL min™). The operating temperature of the MSD was 280°C with the
electron impact ionization (EI) voltage of 70 eV.

The liquid-liquid phthalates extraction procedures

In order to optimize the liquid-liquid extraction of phthalates from artificial saliva, 25 mL
of the prepared artificial saliva was first spiked with phthalates so that the phthalates
concentration in the artificial saliva samples was accurately known: 0.1, 0.2, 0.3, 0.4 and
0.5 ug mL™. The set conditions and parameters of 5 different procedure of liquid-liquid
extraction are as follows:

1) Extraction agent is 5 mL n-hexane, extraction time is 5 min and type of agitation is
manual shaking, following with 5 min agitation in an ultrasonic bath with ultrasonic
waves. After the applied type of agitation and after clarification of the layers, the
n-hexane layer was pipetted. Then, another 5 mL of n-hexane to the same artificial
saliva was added, and repetition of the agitation procedure was done. After clarification
of the layers, the pipetted n-hexane layer evaporated to dryness, after which
reconstitution of dry residue in 900 pL of n-hexane and 100 pL of DBA (10 pg mL™)
was performed. The phthalate concentration in the extract thus prepared was
determined using the GC-MS technique.

2) The procedure is the same as the previous one, the difference is only in the extraction
solvent. The chloroform was used as the extraction solvent.
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3) The procedure is the same as the previous one, the difference is only in the extraction
solvent. The ethyl acetate was used as the extraction solvent.

4) The extraction agent is 5 mL n-hexane, extraction time and method of agitation —
10 min of manual shaking, 30 min of agitation in an ultrasonic bath with ultrasonic
waves. Reextraction with 5 mL n-hexane was performed, after which evaporation of
n-hexane clear layer was carried out to a volume of about 1 mL. After addition of
DBA, the phthalates determination was performed by GC-MS technique.

5) The procedure is the same as the previous one, the difference is that re-extraction was
not applied in this extraction procedure, already one extraction with 10 mL of n-hexane
was performed.

RESULTS AND DISCUSSION
GC-MS analysis

The mass spectrometry detector used in the single ion-monitoring mode (SIM). The
obtained SIM GC-MS chromatogram of a standard solution of DMP, DBP, BBP, DEHP,
DOP and DBA, as internal standard, shows good separation of investigated phthalates and
DBA occurred within a running time of 13.5 min. The quantification ion is m/z 149 for DBP,
BBP, DEHP and DOP, m/z 163 for DMP and ion m/z 185 was chosen as representative ion of
DBA. Analyte response was normalized to DBA as internal standard. The identification and
quantification of target compound was based on the relative retention time, the presence of
target ions and its relative abundance.

The obtained calibration curves are linear in this concentration range with calibration
coefficients higher than 0.990 for each phthalate and are given in Figure 1.
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Figure 1 GC-MS calibration curves in the concentration range 0.25-2.5 ug mL™ for: DMP, DBP,
BBP, DEHP and DOP. PA and PIS represent the chromatographic peak areas of analyte and internal
standard, respectively
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GC-MS phthalates determination after liquid-liquid extraction

After preparing and spiking artificial saliva with 5 analysed phthalates, and applying
5 types of liquid-liquid extraction, where the extraction conditions were changed: type of
solvent, type of agitation, agitation time, application of re-extraction, evaporation of extract to
dryness and evaporation of extract to about 1 mL, the GC-MS analysis of thus prepared
samples was performed.

Based on the obtained calibration curves for phthalates and obtained chromatograms for
extracts after appropriate extraction preparation, the phthalates quantification was done. The
recovery values for all 5 types of liquid-liquid phthalates extraction were obtained based on
the relationship between the phthalate concentration obtained by GC-MS analysis after the
applied liquid-liquid phthalates extraction and the phthalates spike concentration. The
recovery values for first four type of liquid-liquid phthalates extraction were not satisfactory,
but the recovery values for phthalates extraction for fifth type of liquid-liquid phthalates
extraction procedure were within satisfactory limits. The results of this analysis are shown in
Table 2. The recovery values for DMP is from 0.66 to 1.07 for different spike concentration,
for DBP is from 0.64 to 0.81, for BBP is from 0.46 to 0.72, for DEHP is from 0.50 to 0.73, for
DOP is from 0.79 to 1.16.

Table 2 Recovery values (%) of phthalate extraction from artificial saliva using type 5 of LLE

Phthalates Recovery

concentration

(ppm) DMP DBP BBP DEHP DOP

0.1 1.07£0.08 0.75+0.10 0.55+0.13 0.60+0.06 0.89+0.17

0.2 0.82+0.09  0.81+0.08 0.46+0.04 0.62+0.07 0.79+0.02

0.3 0.86+0.06 0.81+0.03 0.50+0.03 0.50+0.03 0.91+0.08

0.4 0.75+0.11 0.70+0.07 0.63+0.15 0.64+0.16 1.16+0.17

0.5 0.66+0.04 0.64+0.12 0.72+0.11 0.73+0.12 1.10+0.11
CONCLUSION

After optimization of liquid-liquid extraction of phthalates (DMP, DBP, BBP, DEHP,
DOP) — setting different extraction conditions and after phthalates quantification in the
extracts by GC-MS analysis, the following conclusion is reached. The most favourable
parameters for the liquid-liquid extraction of phthalates from artificial saliva are the
following: n-hexane as an extraction agent, method of agitation and time of agitation — 10 min
of manual shaking, 30 min of agitation in an ultrasonic bath with ultrasonic waves,
evaporation the volume of the extract to about 1 mL, without the re-extraction procedure.
The mean recovery value for DMP with standard deviation is 0.83+0.15, for DBP 0.74+0.07,
for BBP 0.57+0.10, for DEHP 0.62+0.08, for DOP 0.97+0.15. These recovery values have
reached a satisfactory level and for this reason the conditions applied during the noted liquid-
liquid extraction process are considered suitable.
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Abstract

The aim of this work was to monitor the migration of di-2-ethylhexyl phthalate (DEHP) and di-n-octyl
phthalate (DOP) from polyvinyl chloride (PVC) toys into artificial saliva under conditions that mimic
the chewing of a toy by a child when he puts the toy in his mouth - temperature 37°C and shaking in
an ultrasonic bath. The obtained results show an insignificant percentage of the migration of the
mentioned phthalates in artificial saliva, the values of the percentage of DEHP migration are from
0.0025 to 0.0051%, while for DOP the mass percentage are from 0.0003 to 0.0009%. These results
are due to the fact that DEHP and DOP are non-polar compounds, voluminous structures, and as
such do not tend to transfer to a polar environment such as artificial saliva. However, one should be
concerned, because this research determined migration only in a certain period of time, while in real
conditions, the child repeatedly puts the same toy in the mouth, and is contaminated with phthalates
every day during early childhood, which certainly has a negative effect on his development.

Keywords: DEHP, DOP, artificial saliva, migration, GC-MS.

INTRODUCTION

The properties of plastic, polymeric material, such as capability to being moulded, low
density, transparency and toughness, allows plastics to be made into a great variety of
products. To achieve even greater elasticity and softness, plasticizers are added to polymers,
among which phthalates are the most famous. Plastic from polyvinyl chloride (PVC), which is
otherwise curt and rigid, with the addition of phthalates becomes easy to shape, so the
following products can be made from it: medical and pharmaceutical equipment, children's
products including toys, products intended for home use, etc.

Phthalates are synthetic compounds, non-polar, and as such poorly soluble in a polar
environment, and easily soluble in a non-polar environment. Usually, phthalates are added to
a plastic made of PVC, and the most commonly used phthalates are: di-2-ethylhexyl phthalate
(DEHP), di-n-butyl phthalate (DBP), di-n-octyl phthalate (DOP), benzyl butyl phthalate
(BBP), etc. [1]. Of the listed phthalates, DEHP is the most commonly used plasticizer due to
its market price. Although DEHP production is decreasing over time, DEHP is still one of the
"biggest” pollutants, as plastics can contain from 1 to 40% of toxic DEHP [2]. Phthalates are
not chemically bound to the polymer, but are incorporated into polymer, and by leaching, they
easily reach the surrounding environment, which has a harmful effect on human health.
Exposure to phthalates can cause various endocrinological and metabolic disorders because
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phthalates negatively affect the work of glands that secrete hormones. Phthalates as such
belong to endocrine disruptors and contribute to various outcomes when it comes to human
health: negatively affect the reproductive health of adolescents, affect the endocrine disorder
that leads to the appearance of breast cancer, affect kidney function and the appearance of
cysts [3-5]. Bearing in mind adverse effects on human health, legislation established a
tolerable daily intake (TDI) value of 0.05 mg kg™ body weight for DEHP [6]. Due to the high
exposure of children to phthalates from the PVC toys, the rapid metabolism, low body weight
and insufficient physiological maturity of children, children are exposed to the effect of
phthalates from plastic toys in the earliest stage of their development, laws which prohibiting
the use of certain phthalates, as well as limiting the use of other phthalates have been passed.
The European Commission has restricted the use of DEHP, DBP and BBP as plasticizers in
children's toys and childcare products, while the restriction on the use of DINP, DIDP and
DOP only applies to toys that children can put in their mouths. According to directive
1907/2006/EC, products containing more than 0.1% of DEHP, DBP and BBP (individually or
together) in relation to the weight of the plastic product may not be placed on the market.
Also, this directive prohibits the placing on the market of plastic products that children can
put in their mouths, which contain DINP, DIDP and DOP in a concentration above 0.1% by
mass [7]. Despite these bans, PVC toys containing phthalates, in mass percentages greater
than 10%, can be found in markets [8].

The goal of this research was to determine the amount of DEHP and DOP migrated from
PVC toys into artificial saliva, while simulating real conditions under which saliva
contamination may occur when a child puts the toy in the mouth. Determination of the
phthalate concentration in contaminated artificial saliva was performed using the GC-MS
technique. Plastic toys that are designed to be put in the mouth were analysed and as such
represent a potential source of phthalates, whose previous analysis determined the presence of
DEHP and DOP.

MATERIALS AND METHODS

Reagents and materials

Chemical reagents

The n-hexane (HPLC grade) was purchased from Carlo Erba (France). DEHP and DOP
were purchased (99.7% purity) from Sigma-Aldrich (USA). Dibutyl adipate (DBA) was
purchased from Fluka (Switzerland) and used as an internal standard. Magnesium chloride,
calcium chloride, dipotassium hydrogen phosphate, potassium carbonate, sodium chloride and
potassium chloride (p.a.) were purchased from Thermo Fisher Scientific (USA).

Preparation of calibration standards

The standard solutions of DEHP and DOP at a concentration range 0.25, 0.50, 1.00, 1.50
and 2.50 pg mL™ with DBA at a concentration of 1 pg mL™ were prepared in n-hexane by
diluted of their working solutions of 100 pg mL™ of each.

Artificial saliva

The artificial saliva was prepared according to the standard procedure of the European
Commission: 0.82 mmol magnesium chloride, 1.00 mmol calcium chloride, 3.30 mmol
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dipotassium hydrogen phosphate, 3.80 mmol potassium carbonate, 5.60 mmol sodium
chloride, 10.00 mmol potassium chloride were dissolved in 1 L of distilled water, and the pH
was adjusted to 6.8 with hydrochloric acid [9]. The artificial saliva prepared in this way was
stored in the dark.

PVC toys

The phthalates migration from 13 different plastic toys was analysed, where the previous
analysis determined that these plastic toys were made from PVC, as well as which phthalates
are included in the composition of these toys. The first 6 analysed PVC toys contain DEHP in
their composition, and were bought in a Chinese store. The following 7 PVC toys, produced
in Poland, have DOP in their composition. These toys were cut into pieces with an area of
1 cm?, after which the mass of each sample was measured on an analytical balance (with
+0.00001 g accuracy).

Apparatus and equipment

Gas chromatographic analysis was performed by Gas Chromatograph 6890 (Hewlett-
Packard, USA) equipped with a mass selective detector (MSD) 5973 (Hewlett-Packard,
USA), Auto sampler 7683 (Agilent, USA) and SGE 25QC2/BPX5 0.25 capillary column
(25 m x 0.22 mm x 0.25 pm, non-polar). The analytical balance (Kern, CA) with accuracy of
+ 0.00001 g for gravimetric measurements was used. The ultrasonic bath was used for
shaking solutions of artificial saliva.

Phthalates migration test from PVC toys into artificial saliva

This test simulates the real conditions in which a child chews on a PVC toy, where there is
a potential migration of phthalates from the PVC toy into the child's saliva, which may expose
the child to phthalates.

Each PVC toy, about 1 cm? in area, was covered with artificial saliva (12.5 mL).
Ultrasonic agitation for 30 minutes at a temperature of 37°C was performed. Then the same
piece of PVC toy was covered with a new volume of artificial saliva (12.5 mL), after which it
was necessary to repeat the ultrasonic agitation for 30 minutes at a temperature of 37°C. The
potential phthalate contaminated artificial saliva (25 mL) was collected, which was further
used for phthalate determination using optimized liquid-liquid extraction.

The optimized liquid-liquid extraction involved the following steps: the extraction agent
was 5 mL n-hexane, extraction time and method of agitation — 10 min of manual shaking,
30 min of agitation in an ultrasonic bath with ultrasonic waves. Reextraction with 5 mL
n-hexane was performed, after which evaporation of n-hexane clear layer was carried out to a
volume of about 1 mL. After addition od DBA, the phthalates determination was performed
by GC-MS technique.

GC-MS technique

The gas chromatograph was operated in the split less injection mode. The oven
temperature was programmed from initial temperature 90°C (hold time 0 min) to 280°C at a
rate of 20°C per min with hold time of 4 min, and post run 300°C (2 min). Helium was the
carrier gas (flow rate of 1.0 mL min™). The operating temperature of the MSD was 280°C
with the electron impact ionization (EI) voltage of 70 eV.
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RESULTS AND DISCUSSION
GC-MS analysis

Identification and quantification of the mentioned phthalates were carried out based on
quantitative, qualitative and target ions for DEHP, DOP and DBA, and their retention times,
are given in Table 1.

Table 1 The quantitative, qualitative and target ions and retention times for DEHP, DOP and DBA
Molecular weight

Phthalat (g/mol) lon (m/z) Retention times (min)
DEHP 390 149*, 167, 279 9.83
DOP 390 149*, 167, 261, 279 10.88
DBA 258 185*, 129, 111 6.38

* Target ions, quantification ions.

The calibration curves for DEHP and DOP were linear in the range of calibration standards
concentration (0.25-2.50 pg mL™) with correlation coefficients of calibration curves higher
than 0.99. The linear equations of these curves are given in Table 2.

Table 2 The linear equations of calibration curves for DEHP and DOP

Phthalat Equations r?

DEHP y = (2.29256+0.03991)-x — (0.15477+0.05592)  0.999
DOP y = (1.82695+0.05616)-x — (0.26043+0.07867)  0.996

GC-MS phthalate determination

After appropriate preparation of the samples, where phthalates migrated from the PVC toys
into artificial saliva, and after liquid-liquid phthalates extraction from artificial saliva into
n-hexane as an extraction agent, GC-MS analysis was performed. Figure 1 shows the
chromatograms of the sample extracts of PVC toy no. 1 and PVC toy no. 7. Obtained
chromatograms show that DEHP migrated from PVC toy no. 1 to artificial saliva, because it
is a toy that only contains DEHP from phthalates, which also applies to toys from no. 2 to no.
6, while only DOP migrated from toy no. 7, which was determined by earlier analysis to be
part of the composition of toys no. 7 to no. 13.

The guantitative GC-MS analysis determined the concentration of DEHP and DOP in the
extract. This determined the amount of this phthalates that migrated from the PVC toys into
the artificial saliva after the migration test was set. The results in the form of the percentage of
migrated phthalates in relation to the weight of the PVVC toy are shown in Table 3.

The results show that only 0.0025-0.0051% of DEHP from the PVC toy composition
migrates into artificial saliva, while only 0.0003-0.0013% of DOP from the PVC toy
composition migrates into artificial saliva. The reason for this is that DEHP and DOP are non-
polar, voluminous molecules, while artificial saliva is a polar environment, into which
phthalates, being non-polar, do not tend to move under these conditions.
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Figure 1 SIM GC-MS chromatogram of a) sample no. 1; b) sample no. 7
Table 3 Percentage of DEHP and DOP migration from PVC toys

PVC article  Percentage of DEHP migration
1 0.0051+0.0014
2 0.0030+0.0003
3 0.0036+0.0005
4 0.0028+0.0003
5 0.0031+0.0007
6 0.0025+0.0003

PVC article Percentage of DOP migration
7 0.0003+7,83-107
8 0.0004+5,90-107
9 0.0008+4,26-10™
10 0.0009+4,92-10*
11 0.0004+1,77-10*
12 0.0008+3,26-10™
13 0.0013+1.06-10™

CONCLUSION

The results obtained by this research show data no indicating that plastic toys are a
significant source of phthalate exposure in children. However, bearing in mind, that
phthalates are additive, i.e. that phthalates in combination with other phthalates and other
chemicals can produce negative “cocktail” consequences, care should be taken when it comes
to children and setting safety standards for phthalates boundaries. Therefore, when setting
safety standards for phthalates, it is necessary to consider their mutual interaction and the
cumulative effect of phthalates in a given product or several products that are used
simultaneously, in order not to underestimate the real risk of using products contaminated
with phthalates for human health. For this reason, polyethylene and polypropylene, plastics
that do not contain phthalates and do not release other harmful substances into their
environment, are recommended for the production of children's toys.
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Abstract

Parasites from the Phylum Apicomplexa (genera Haemoproteus, Plasmodium and Leucocytozoon) are
the vector-born blood parasites distributed worldwide. This group of parasites has been the subject of
extensive study in passerines, but less so in other groups of birds, such as owls. Four haemosporidian
species have been discovered in the Long-eared Owl Asio otus so far. As there are only a few records
of haemosporidian infection in wintering Long-eared Owls, in our pilot project we studied the
prevalence, parasitemia, and diversity of the blood parasites of owl mentioned above in Banat, Serbia.
We found the presence of all three genera, of which Leucocytozoon was the most abundant. The total
prevalence was 52.2%, while the average parasitemia in winter was low, only 0.16%. We also
observed two cases of co-infection. Interestingly, the presence of parasites did not affect the SMI
(scaled mass index) and the health status of the birds.

Keywords: haemosporidians, prevalence, long-eared owls, Asio otus.

INTRODUCTION

Haemosporidian parasites from the Phylum Apicomplexa (genera Haemoproteus,
Plasmodium and Leucocytozoon) are spread across all zoogeographical regions, excluding the
Antarctic [1]. This group of vector-born parasites and their avian hosts is a very dynamic and
complex system [2]. While some haemosporidian parasites are capable of infecting multiple
host species [3-5], others are highly host-specialised [6-8]. Although parasites and their hosts
have a long co-evolution history and adaptation, the clinical signs of infection caused by
haemosporidians vary among individuals. In general, they can negatively affect feather
growth, cause anemia, weight loss, negative body condition, or may even lead to detrimental
effects [9-11].

Most haemosporidian studies have been conducted on passerines, while owls have been
widely neglected [12,13] despite their important role in ecosystems [14]. So far, eight species
of avian Haemosporidia have been discovered and described in order Strigiformes [1] with
more than 298 unique lineages worldwide [15]. In the Long-eared Owl Asio otus, four
haemosporidian species were detected, including seven Haemoproteus, one Plasmodium and
12 Leucocytozoon lineages [15]. The prevalence of the Long-eared Owl varies between 40%
and 75% in Germany [12,16] up to 82% in the USA [13]. While in the most research
Leucocytozoon tended to be the most common genus, Martin-Maldonado et al. [17] in Spain
found Haemoproteus to be the only parasite infecting the Long-eared Owl with parasitemia
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up to 12.8%. In VVojvodina (Serbia), Minichova et al. [18] detected all three haemosporidian
genera in Long-eared Owl, with Leucocytozoon being the most abundant.

The Long-eared owl is a well-known, widespread, medium-sized owl. It breeds throughout
northwest Africa, Europe, Asia and North America, except in the far north and south. Four
subspecies have been recognised, of which the nominal inhabits mainland Europe [19]. It is
a regular breeder in Serbia, mainly in Vojvodina [20], but also in the mountain regions [21].
It breeds mostly in old Corvid nests [20]. The national breeding population is estimated at
19,000-28,000 breeding pairs [22]. The presence of a large number of Long-eared Owls
wintering in the Province of Vojvodina (Serbia) [23], allows us to sample a significant number
of owls in the roost sites and to easily study haemosporidian parasites. However, no study on
Long-eared Owl haemosporidian parasitemia has been conducted so far.

The aim of the present study was to assess the diversity, prevalence and parasitemia of
blood parasites in Long-eared Owls wintering in Banat, Serbia. Additionally, we explore the
potential impact of these parasites on the SMI (scaled mass index).

MATERIALS AND METHODS
Study sites and sample collection

The study was conducted in December 2023 at four localities (Taras, Mokrin, Padinska
skela and Opovo) in Banat, in Vojvodina region. Birds were captured while leaving the
roosting trees using ornithological mist nets (mesh size 70 mm). They were ringed, aged, and
measured with standard protocols [24]. To assess the physical condition of the birds we used
the scaled mass index (SMI), as it appears to be a reliable predictor [25]. SMI is based on the
scaling relationship between mass and wing/tarsus length, which was measured and then used
for further calculation the SMI. We also collected a small amount of blood from each bird by
puncturing the brachial vein. A small drop of blood was used to prepare a thin blood smear,
air dried and later fixed in 96% ethanol for 5 minutes according to Valkitinas [1]. After
bleeding was stopped the owls were safely released.

Slides examination

In the laboratory, blood smears were stained with Giemsa solution as recommended by
Valkitnas [1]. Slides were examined by LEICA DMLS light microscope [26] in order to
estimate the prevalence and intensity of infection (parasitaemia). As described, parasitemia
was estimated as a percentage by counting the number of parasites per 1,000 or 10,000
examined red blood cells, depending on the level of parasitemia [1,27].

Statistical analysis

To examine within-individual differences, Welch Two Sample t-test was used for fitted for
infection status, and sex, using the R package version 4.2.2. [28]. The regression slope was
0.34 and the averaged wing length was 258.9 mm, from which using the equation of the linear
regression a scaled mass index (SMI) was calculated [25].
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RESULTS AND DISCUSSION

In the present study, we screened 23 Long-eared Owls for haemosporidian parasites during
the wintering season in 2023, in Banat, Serbia. Even the highest prevalence in owls was
recorded during the spring and summer season [17] some study recorded infection in winter
as well [18,29]. Indeed, in our study we found haemosporidian infection in Long-eared owls
during the autumn-winter period.

To detect haemosporidian blood parasites, we used only the method based on examination
of blood smears [1]. We were able to identify parasites morphologically only to the genus
level. Previous studies in the Long-eared owls revealed very high prevalence of the blood
parasites varying among 70% and 75% [13,16]. In the USA, the prevalence was even higher,
up to 82 % [13], while we found that it was 52.2% (Table 1).

Table 1 Birds infected with haemosporidan parasites, as indicated by blood smears
No. of birds No. of

Sag?;géng sampled per  infected H P L MI”
site birds
Taras 1 0 - - - -
Mokrin 1 0 - - - -
Padinska
Skela ! 2 . . i i
Opovo 14 10 2) 1(1) 7(1) 2
Total 23 12 1 2 7 2
"MI - 2 mixed infections (Haemoproteus/Plasmodium and Leucocytozoon/Haemoproteus);

H - Haemoproteus; P — Plasmodium; L - Leucocytozoon.

So far, in Long-eared owls all three haemosporidian genera with only 4 species have been
discovered [1]. Genus Leucocytozoon was isolated in the non-captive owls [13,16,18,30], and
described as L. danilewskyi [1]. In the present study, we found all three genera, with
Leucocytozoon being the most abundant (Figure 1), while Martin-Maldonado et al. [17]
detected just Haemoproteus infection. According to Valkitinas [1] and MalAvi database [15],
from Strigiformes were isolated two Haemoproteus species: H. syrnii and H. noctuae and one

Plasmodium: P. subpraecox. In our study, Plasmodium and Haemoproteus participated
equally with 13%.

2) b) c)
® [ ] -" @ [] . .-' \’ - | ] - ‘ y_*\_',; -

s 90 Voaus®wses bs% " = N\
- « Mo el Na's 000 : °
@ o0 ® LA \\ e = Vs e = L T B T
Moy s % 0% VD 4070 T FNENEEE &5"@
‘. ® "'. .: TS .. :.O.- !3’ “ .“‘. - w‘j
' -0 2. QWY Vel B TR

Figure 1 Genera of Haemosporidian parasites found in the blood smears of the Long-eared Owl
a) Leucocytozoon; b) Haemoproteus; ¢) Plasmodium
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Since Martin-Maldonado et al. [17] conducted the study during the breeding season, when
vectors are most active, recorded parasitemia in the Long-eared owls was very high, up to
12.8%. Average parasitemia in our study in winter was low, only 0.16%. Co-infections of two
or more haemosporidian parasite species occur frequently in all avian species [1] including
owls, with the most common combination Leucoytozoon-Hemoproteus [13,17]. We also
recorded two mixed infections. One bird hosted Haemoproteus and Plasmodium parasites,
while the other was infected with Leucocytozoon and Haemoproteus species.

Out of all Long-eared owls, 12 were females and 11 were males. There was no significant
difference in parasitemia between sex (t-test = -0.97, p-value = 0.35) or age (t-test = 0.12, p-
value = 0.9) of the birds, which agrees with Martin-Maldonado et al. [17] study. Additionally,
as a reliable predictor of the physical condition of birds we used SMI [25]. In this sense, we
compared the level of parasitemia with SMI to identify whether the presence of parasites
affects the health status of the birds, because a low level of parasitemia depends on bird
health, low stress levels and the absence of other pathogens. Therefore, parasitemia can be
considered a reliable indicator of birds’ health [31]. However, there was no significant
difference (t-test = -1.48, p-value = 0.17) between infected and uninfected birds and their
physical condition.

As PCR is a more sensitive method for detecting parasite cytochrome b gene [32], it will
be a crucial tool in the next phase of our research. Moreover, we believe that designing more
suitable primers for owl haemosporidian lineages will be necessary to delve deeper into the
parasite fauna and gain a better understanding of their phylogenetic place as well as molecular
differences, thereby contributing to the broader field of avian health and parasitology.

CONCLUSION

We studied the diversity, prevalence and parasitemia of haemosporidian parasites in
wintering population of Long-eared Owls from Banat, Serbia. Additionally, we compared the
level of parasitemia with SMI to identify whether the presence of parasites affects the health
status of the birds and their effect on SMI. The overall prevalence was 52.2% with the genus
Leucocytozoon being the most abundant in the sampled birds. Plasmodium and Haemoproteus
participated equally in the study. No significant difference was found between parasitised and
non-parasitised birds and their physical condition. In order to gain a better insight into the
parasite lineages in the next step of the study, we plan to expand the research to a wider area
with more individuals. Additionally, we will use PCR to detect the parasite cytochrome b
gene to achieve a better insight of the parasite lineages.
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Abstract

The increasing use of pesticides in agriculture poses a significant environmental risk, especially to
open water bodies such as rivers, lakes and canals. These chemicals, which include a variety of
pesticides, enter aquatic ecosystems through various pathways and have detrimental effects on aquatic
life, ecosystem health and human well-being. This study provides a comprehensive overview of
pesticide pollution in open waters in the region between Serbia and Romania. We investigated the
presence and spatial distribution of pesticides in water bodies in South Banat district in Serbia and
Timis County in Romania over a one-year period. Using high-resolution mass spectrometry, we
identified and quantified a variety of pesticides to shed light on their occurrence and potential impact
on the environment. Our results show that certain pesticides persisting despite legal bans. Spatial
variability in pesticide concentrations highlights the influence of proximity to agricultural activities,
while seasonal variations emphasize the dynamic nature of pesticide pollution. Furthermore, our
comparative analysis between Romania and Serbia underlines the transboundary nature of pesticide
pollution and highlights the need for joint regulatory efforts to mitigate environmental risks.

Keywords: LCMSMS, water, pesticides, agriculture.

INTRODUCTION

The increasing use of pesticides in agriculture and other sectors poses significant
environmental risks, especially to open water bodies such as rivers, lakes and canals.
Pesticides, which comprise a diverse group of pest control chemicals, inevitably enter aquatic
ecosystems through various pathways, including surface runoff, leaching, atmospheric
deposition and direct application [1]. These pollutants can have profound effects on aquatic
life, ecosystem health and even human health through processes of bioaccumulation and
biomagnification [2].

Research has shown that even low concentrations of pesticides can disrupt aquatic
ecosystems. For example, certain herbicides and insecticides have been shown to affect the
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reproductive and developmental processes of aquatic organisms, leading to a decline in
biodiversity and a change in community structures [3]. In addition, the persistence of these
chemicals in the environment is highly variable, with some having a long half-life that
exacerbates their effects [4].

Recent advances in analytical techniques have improved our ability to detect and quantify
pesticides in aquatic environments, showing that they are much more widespread than
previously thought. Studies using high-resolution mass spectrometry have revealed the
ubiquity of these pollutants, including those not normally monitored in environmental studies
[5]. This highlights the need for comprehensive monitoring programs and more stringent
regulatory frameworks to manage and mitigate the risks associated with pesticide
contamination in the aquatic environment.

This paper aims to provide a comprehensive overview of the current state of knowledge on
pesticide pollution in open waters in the region between Serbia and Romania.

MATERIALS AND METHODS
Sampling locations and sampling

All samples were taken in the South Banat district in the autonomous province of
Vojvodina in Serbia and Timis County in Romania. South Banat is located in the south-
eastern part of the province of Vojvodina. It borders Romania to the east. South Banat has a
total population of just under 300,000 inhabitants. Timis County is located to the west of
Romania, bordering Hungary and Serbia. Total population is just above 650,000. Water
samples were taken every month for a period of one year at 25 locations in each country, 50
in total. Water was sampled from wells, standing waters (lakes and ponds) and running waters
(rivers).

Sample preparation and analyses

Water samples were taken every month for one year. In Serbia there were 25 sampling
sites for water samples. At each sampling point 2 liters of water was taken into clean plastic
bottles. The samples were frozen and kept in the freezer until analysis. Prior to analysis the
water samples were defrosted at room temperature. Pesticides were extracted using Solid
phase extraction (SPE). C18 disks were preconditioned with 10 mL of acetone, 10 mL of
ethyl acetate, 10 mL of methanol and 10 mL of water. Before the disk were dry 500 mL of
water samples were passed through the SPE disk using a vacuum manifold. Once the total
sample is percolated, the disks were rinsed with 2 x 5 mL of deionized water. The disks were
dried under vacuum. The analytes were eluted with ethyl acetate / dichloromethane. Extracts
were evaporated to dryness under a gentle stream of nitrogen. Before analysis the extracts
were reconstituted with methanol/water (1:1). The analysis was performed on a TSQ
Quantis™ Triple Quadrupole Mass Spectrometer.

We have analyzed water samples for 278 pesticides. A calibration curve was made in six
points at different concentration levels between 1 ppb and 200 ppb.
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RESULTS AND DISCUSSION

The analysis of the water samples revealed a worrying but nuanced picture of pesticide
contamination. Initially, fewer than 20 pesticides were detected, indicating a rather limited
extent of contamination. The most commonly found pesticides included herbicides such as
metolachlor and chlorotoluron and fungicides such as griseofulvin, fluopyram and
azoxystrobin. Insecticides such as diflubenzuron and bupriofezin were also found. It is
noteworthy that the neonicotinoid insecticide imidacloprid was sporadically detected,
although it is banned in both the EU and Serbia. The detection of imidacloprid is worrying
and indicates possible residues that remain in the environment despite legal measures.

Interestingly, the concentrations of these pesticides showed spatial variability, with smaller
rivers and canals showing higher concentrations compared to the mighty Danube. The highest
concentrations were found in an irrigation canal flowing through an agricultural area,
highlighting the relationship between pesticide use and proximity to agricultural activities. In
addition, an interesting pattern emerged in terms of the diversity and concentration of
pesticides in relation to the timing of sampling. During the peak of agricultural activities,
especially in spring (March and April), waters adjacent to agricultural areas showed a greater
diversity of pesticides and concentrations peaked accordingly. In contrast, during the winter
months (December, January, February), both the diversity and the concentrations of pesticides
detected decreased, indicating seasonal variations in the use of pesticides and their persistence
in the environment.

The comparative analysis between Romania and Serbia revealed a surprising similarity in
the presence of pesticides, with all detected pesticides being ubiquitous in both countries. This
finding points to a common environmental problem that transcends geopolitical boundaries
and underlines the need for coordinated efforts in the management and regulation of
pesticides at the regional level. Overall, the results underscore the multifaceted nature of
pesticide contamination, which is influenced by factors such as agricultural practices,
seasonal fluctuations and international regulatory frameworks.

CONCLUSION

The analysis of the water samples reveals a complex picture of pesticide contamination in
the region studied. Although fewer than 20 pesticides were initially detected, suggesting a
reasonably limited extent of contamination, the presence of potent substances like
imidacloprid raises significant concerns about persistence in the environment, despite legal
bans. Spatially, concentrations varied, with smaller water bodies showing higher levels,
particularly in agricultural areas, suggesting a direct link between pesticide use and proximity
to agricultural activities. In addition, seasonal variations showed a distinct pattern, with the
highest concentrations observed in spring, consistent with more intensive agricultural
practices. The comparative analysis between Romania and Serbia also highlights the
transboundary nature of pesticide pollution and underlines the need for joint regulatory action.
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Abstract

The widespread use of pesticides increased crop yields and improved food security. However, the use
of pesticides has a negative impact for the environment, particularly for soil health and ecosystem
sustainability. This study investigates the presence and distribution of pesticides in the border region
between Serbia and Romania. Soil samples were collected in the South Banat district in Vojvodina,
Serbia, and in the Romanian Timis district. Samples were taken during all four seasons of the year.
The subsequent analysis included the extraction and identification of 278 pesticides using QUEChERS
followed by a triple quadrupole mass spectrometer. Only two pesticides, atrazine and carbaryl, are
regulated. Although atrazine was detected, it remained below the limit of quantification (LOQ), while
carbaryl was completely absent. Of the approximately 20 pesticides detected, seven exceeded the
LOQ, mainly herbicides such as metolachlor and terbuthylazine and the neonicotinoid insecticide
imidacloprid. Spatial variability analysis revealed higher concentrations of pesticides in the upper soil
layers, which decrease with depth, underlining the importance of soil stratification in monitoring
strategies. While the comparative analysis between Serbia and Romania showed no statistical
differences in the occurrence of pesticides, the soil from Romania showed a lower frequency of
detection, possibly due to different agricultural practices or soil characteristics.

Keywords: LCMSMS, soil, pesticides, agriculture, QUEChERS.

INTRODUCTION

The widespread use of pesticides in modern agriculture has revolutionized crop protection,
increased crop yields and ensured food security. However, this reliance on chemical pest
control has had unintended negative consequences for the environment, particularly in terms
of soil health and ecosystem sustainability [1]. Pesticides, which include a variety of
chemicals designed to control pests, weeds and diseases, have become an integral part of
agricultural practices worldwide. However, their indiscriminate use and persistence in the
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environment have raised concerns regarding their impact on soil quality, microbial
communities and long-term agricultural productivity [2].

Pesticides enter agricultural soils through a variety of pathways, including drift, leaching,
surface runoff and direct application. They eventually accumulate in the soil matrix and have
profound effects on soil biota and biogeochemical processes [3]. These chemicals can disrupt
soil microbial communities, which are critical for nutrient cycling, organic matter
decomposition and plant health, thus impairing soil fertility and ecosystem resilience [4]. In
addition, pesticides can persist in the soil for long periods of time, undergoing complex
transformations and potentially contaminating groundwater resources [5].

Research on the fate and behaviour of pesticides in agricultural soils has expanded in
recent decades due to growing environmental concerns and advances in analytical techniques.
Studies have elucidated the mechanisms of sorption, degradation and transport of pesticides in
the soil matrix, providing information on their fate and persistence in the environment [6]. In
addition, studies of the ecological effects of pesticides on soil organisms, including
earthworms, microarthropods and soil-dwelling microorganisms, have revealed complex
trophic interactions and ecosystem responses to pesticide exposure [7].

Despite the progress that has been made in understanding the dynamics of pesticides in
agricultural soils, significant knowledge gaps remain, particularly regarding the long-term
effects of chronic pesticide exposure on soil health and ecosystem functioning. In addition,
the emergence of novel pesticide formulations and the increasing prevalence of pesticide-
resistant pests pose new challenges for sustainable plant protection in agriculture.

The aim of this study was to asses the presence of pesticides in the cross-border region
between Serbia and Romania.

MATERIALS AND METHODS
Sampling locations and sampling

Soil samples were gathered in the South Banat district in the autonomous province of
Vojvodina in Serbia and Timis county in Romania. Samples of soil were taken once per
season. In Autumn (October), Winter (February), Spring (April) and Summer (July). Fifty
sampling locations were covered during the sampling campaign in each country, adding up to
100 samples in total. The samples were taken from the topsoil level, 20-40 cm depth and
40-60 cm depth. The samples were kept in the freezer until analysis.

Sample preparation and analyses

Prior to sample preparation they were defrosted at room tempretarue and homogenized in
an ultra-centrifugal mill with a final fineness size of <1 mm. Pesticides were extracted using
QUEChERS method EN 15662. In shorth 10 g of homogenized soil sample was added to a
50 mL tubes. 10 mL of water was added to increase the sample moisture. Afterword 10 mL of
acetonitrile as added as an extraction solvent and the sample was shaken for 1 minute.
Following this, 4 g Anhydrous MgSOs, 1 g Trisodium Citrate, 0.5 g Disodium Citrate and 1 ¢
NaCl were added to the tube and it was shaken as quick as possible. The samples were
centrifuged for 5 minutes at 5000 rpm. Then, a clean-up dispersive solid phase extraction step
was carried out by adding 10 mL of the supernatant to a 15-mL centrifuge tube that contained
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150 mg PSA + 150 mg C18 + 900 mg MgSO4. The samples were again shaken and
centrifuged for 5 minutes at 5000 rpm. An aliquot of 1 mL was transferred to an amber HPLC
vial and evaporated to dryness. Before the analysis it was reconstituted with 1 mL of
methanol / ultrapure water (50:50). The analysis of 278 pesticides was performed on a TSQ
Quantis™ Triple Quadrupole Mass Spectrometer.

RESULTS AND DISCUSSION

In our comprehensive analysis, which includes 278 pesticides, a clear regulatory gap
becomes apparent, as only two pesticides, atrazine and carbaryl, fall under regulated status.
Interestingly, although atrazine was detected, its concentration was below the limit of
quantification (LOQ), making it practically negligible in our samples. Conversely, carbaryl
was not present at all in our samples. This regulatory omission underscores the need for a
more comprehensive approach to the management and monitoring of pesticides in agricultural
soils.

Of the approximately 20 pesticides detected in our soil samples, only seven were above the
LOQ, highlighting the prevalence of low-level contamination. In particular, herbicides such as
metolachlor and terbuthylazine, along with the neonicotinoid insecticide imidacloprid, proved
to be the most frequently detected pesticides in soils from Serbia. In addition, flutrioflor,
tebuconazole, fenarimol and thiamethoxam were detected, with concentrations varying
between 1 pg/kg (etoxazole) and 32 pg/kg (tebuconazole) [8,9]. These concentrations are in
good agreement with the existing literature and confirm the consistency and reliability of our
results.

The spatial variability of the pesticide distribution in the soil profiles shows intriguing
patterns. Predominantly, pesticides showed higher concentrations in the upper soil layers,
which gradually decreased with depth. At a depth of 20-30 cm, both the diversity and the
concentrations of the detected pesticides decreased and reached their lowest values at a depth
of 40-60 cm. This depth-dependent distribution emphasizes the importance of considering
soil stratification in pesticide monitoring and management strategies.

Comparative analyzes between Serbia and Romania revealed no differences in the
occurrence of pesticides. Although the comparison lacks statistical significance, it is
noteworthy that pesticides were detected less frequently in Romanian samples. This
discrepancy suggests possible differences in agricultural practices, soil characteristics or land
management strategies between the two regions.

CONCLUSION

Our study provides valuable insights into the presence and distribution of pesticides in
agricultural soils in the cross-border region of Serbia and Romania. Through a comprehensive
analysis covering 278 pesticides, 20 pesticides were detected, out of which only seven
exceeded the limit of quantification (LOQ), indicating predominantly low levels of
contamination. Herbicides such as metolachlor and terbuthylazine in particular proved to be
the most frequently detected pesticides, along with the neonicotinoid insecticide imidacloprid.
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In addition, flutrioflor, tebuconazole, fenarimol and thiamethoxam were detected in
concentrations consistent with the existing literature.

Spatial variability analysis showed higher pesticide concentrations in the upper soil layers,
which gradually decrease with depth. This depth-dependent distribution demonstrates the
importance of considering soil stratification in pesticide monitoring and management
strategies to effectively mitigate environmental risks. Furthermore, our comparative analysis
between Serbia and Romania showed no statistically significant differences in the occurrence
of pesticides, although pesticides were less frequently detected in Romanian samples. This
discrepancy suggests possible differences in agricultural practices, soil characteristics or land
management strategies between the two regions.
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Abstract

PMy, is one of the most dangerous air pollutants and represents a serious environmental and health
problem. Its concentration is influenced by many factors, among which meteorological parameters
stand out as the most important. In this sense, this study aimed at exploring the relationship between
PMy, and meteorological variables (atmospheric temperature (AT), barometric pressure (BPR) and
relative humidity (RH)) in rural area near copper mine. The data about meteorological parameters
and PM,, concentrations were collected for 2019-2022. The dataset was divided into two periods
(cold and warm) to analyze potential seasonal variations. The correlation analysis was employed in
order to investigate the relationship between the observed variables. The results have shown that
coefficient of correlation is positive and statistically significant, but very low between PM,, and AT
and BPR, and negative between PM;o and RH, for both periods.

Keywords: PMjo, meteorological parameters, correlation analysis.

INTRODUCTION

Particulate matter (PM) presents a complex mixture of organic and inorganic substances
and can have a different composition, depending on the emission. Sources of PM particles can
be both natural and anthropogenic. Anthropogenic sources include industry, domestic fuel
burning and traffic. On the other hand, natural sources include volcanoes, fires, dust storms,
and aerosolized sea salt [1]. Previous studies have confirmed that fossil fuel combustion and
industrial metallurgical processes are the most common anthropogenic sources of PMyg [2].
PM particles in the air represent a serious environmental problem, primarily due to the
content of toxic substances and heavy metals in them [3]. High concentrations of heavy
metals in PM particles can cause serious respiratory and cardiovascular diseases [4]. Based on
these facts, WHO recommended that the mean annual level of PMjo should not exceed
15 pg/m® and mean 24-hour should not exceed 45 pg/m® [5] due to the protection of human
health.

Apart from the pollution sources themselves, the level of particles in the air is influenced
by other factors, among which meteorological parameters stand out as the most important.
Meteorological conditions, such as wind speed, wind direction, temperature, relative humidity
and atmospheric pressure, play an important role in the dispersion of suspended particles
[6,7]. Research has shown that concentrations of suspended particles (PMyg) correlate
negatively with air temperature and wind speed but positively with air pressure and relative
air humidity [8]. However, the relationship between the concentration of suspended particles
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(PMyo) and meteorological factors varies during different seasons. The study conducted by
Chen et al., [9] found that the correlation between suspended particulate matter (PMjo) and air
temperature is negative during summer and autumn but positive during winter and spring. By
observing the seasonal variation of PMyj, it can be better understood, explained and predicted
its future concentrations.

A large number of studies has proven that huge quantities of PMjo are generated during
mining operations, which include excavating machines, shovels, drilling machines and
transportation by heavy-duty dumpers in the mining areas [10-12]. In general, when it comes
to open pit mines the dispersion of PM depends on local meteorology. Wind flow is the prime
mover of the PM from one place to the other [13], but other meteorological parameters also
have their role. Hence, the main aim of this study was to analyse the relationship between
meteorological factors and PMyo near open pit mining area.

MATERIALS AND METHODS
Study area

For this study, the public datasets of PMj concentrations and meteorological conditions in
Bor from January 2019 to December 2022 were obtained from the official website of Bor
municipality. The concentration of suspended particles PMyg is measured using the SRPS EN
12341 reference method and it was done by Institute for Mining and Metallurgy in Bor. The
data were collected from the measuring station Krivelj, located in a rural area, at 425 m above
sea level. The measuring point is positioned in the direction of the dominant southeast wind in
the village of Krivelj. At this location, a large influence of the Velik Krivelj tailings pond was
observed, and when the southeast wind blows, dust particles are blown in the direction of the
village. In addition, due to very intensive industrial activities, there is also an increase in
traffic in this area, which contributes to an increase in pollution.

The climate of study area is moderate to medium continental, with a transition to mild
mountain in the higher mountain zones. The characteristics of this climate are warm and
sunny summers and cold winters with a lot of snow. The seasons are recognizable, with
autumn sometimes being warmer than spring, with more sunny days and less rainfall.
Summers are characterized by stable weather conditions, with long sunny and shorter rainy
periods. In winter, the weather is characterized by low temperatures and intense snowfall.

RESULTS AND DISCUSSION

Data for study period were divided into cold (October—April) and warm (May—September)
periods. The average daily content of PMy, in the air in the period of 2019-2022 was
measured at the measuring point Krivelj, and the obtained values (cold period, warm period,
and an average values on annual level) are shown in Table 1.

165



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Table 1 Average concentration of PMy, particles in ambient air in the village Krivelj for period

2019-2022
Location 2019 2020 2021 2022
Measuring Cold periqd 36.9 28.7 28.3 38.2
station Warm period 27.2 24.8 26.2 28
Krivelj Avg. Value 31.9 27.1 27.5 30.7
Days above limit 29 10 3 24

Based on the results shown in Table 1, it can be concluded that somewhat higher values of
PMjo were registered during the cold period over the entire study period, which is logical
since this is also the heating period. The good thing is that the average daily limit was not
exceeded more than 35 times [5], which confirms that air pollution in this area, very well
known for high pollution [14], is improved.

In addition, correlation analysis was performed to investigate relationship between PMjy
and meteorological parameters in different periods. For strong correlation, the value of the
correlation coefficients must be near +0.5, with the statistical significance of (p<0.05). The
obtained results (Table 2) reveal that the coefficient of correlation is positive and statistically
significant, but very low between PMj, and AT (atmospheric temperature) and BPR
(barometric pressure), and negative between PMj, and RH (relative humidity), for both
periods.

Table 2 Correlation between PM,, and meteorological factors in different periods

AT RH BPR
Cold 0.143** -0.228** 0.095*
Warm 0.234** -0.158** 0.105*

** p<0.000, *p<0.05

The evaluation of the Pearson correlation coefficient between PM;, concentration and
meteorological factors such as temperature, humidity and barometric pressure (Table 2) has
indicated that PMyg is inversely correlated with relative humidity, both for warm and cold
periods. Thus, when the humidity increases, the average PMjo concentration decreases and
vice versa. It has been proven that humidity has different influences on particle size
distribution, for small-size particles, the moisture content is usually negatively correlated, as
shown by the evidence of the washing effect [15,16].

Atmospheric pressure and particulate matter concentrations were significantly positively
correlated, but the correlation coefficient is about 0.1, which is very low. The same situation
is regarding the correlation between PMyo and AT, which could be unexpected, since the
obtained results (Table 1) have shown that the concentration of PMjo was higher during the
cold period compared to the warm period.

Two important processes, atmospheric dispersion, which removes dust particles from air
pollution through the process of dry and wet deposition by rain, and the second, aerosolization
diffusion from the surface, which accounts for the air emission of particulate matter from
street vehicles, industrial dust, and soil dust, can both explain the very low coefficients of
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correlation. These linear connections have made it clear that human activity is the primary
source of PMyg in the study area [17].

CONCLUSION

In this study, average concentrations of PM, for a four-year period are presented. Data
were divided into cold and warm periods in order to analyse their possible seasonal variations.
The results have shown that PMj, concentrations were slightly higher during cold period. The
correlation analysis revealed that PMy, have positive correlation with AT and BPR but a
negative with RH. However, although statistically significant, the coefficients of correlation
are very low.

For future research, it is important to conduct further investigation on the influence of
other meteorological factors (wind speed, precipitation) on PMj concentration in order to
have more accurate assessments of the major causes of air pollution in this area.
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Abstract

This study represents the results for the invertebrate fauna carried out in the spring of 2022 at Prespa
Lake (Republic of North Macedonia). The survey has covered three distinctive localities: Oteshevo,
Stenje and Ezerani. Twelve species from six systematic groups have been registered from the above
mentioned localities in Lake: Oligochaeta, Hirudinea, Gastropoda, Bivalvia, Amphipoda and Insecta.
The results of the survey clearly showed that the structure of the invertebrate community along the
littoral zone of the Lake varies from one locality to another. Thus, more than half of the total diversity
was registered in the locality of Ezerani, while the community of invertebrates is almost half poorer in
Stenje and Oteshevo, with 5 species on each locality. As for the density, similarly to biodiversity, the
highest number of individuals per square meter was registered in the Ezerani locality - a total of
10,750 ind/m2. The second-highest density was recorded in the locality of Stenje with 4,225, while the
lowest density was recorded in the locality of Oteshevo with 1,200 ind/m2. The highest population
density of Dreissena carinata was recorded - 3,250 ind/m? in the Stenje locality at a depth of 5 m in
the shell zone. The results of the research indicate that the biodiversity of the invertebrate fauna
decreases with increasing depth, which is closely related to the increase in the uniformity of the
sediments and the stability of the environmental factors along its depth. In contrast, there is no density
dependence with depth.

Keywords: macroinvertebrates, biodiversity, ecological status, Lake Prespa.

INTRODUCTION

Benthic macroinvertebrates are common inhabitants of lakes and streams where they are
important in moving energy through food webs. The term “benthic” means “bottom-living”,
so these organisms usually inhabit bottom substrates for at least part of their life cycle; the
prefix “macro” indicates that these organisms are retained by mesh sizes of ~200-500 mm
[1]. In order to achieve and maintain the highest water quality in lakes, rivers, and streams,
environmental researchers are using the resident organisms living in these waters as sensitive
indicators of change. Biomonitoring is based on the straightforward premise that living
organisms are the ultimate indicators of environmental quality. According to Annex V of the
Water Framework Directive [2], the macrozoobenthos or organisms from the benthic fauna
are one of the four most relevant indicators of the quality of aquatic ecosystems. The Prespa
Lake's Basin is an area of rich biodiversity that has been subject to intense pressures from
human activities over the past decades [3]. The main goals of the study were to ascertain the
invertebrate community structure, the species abundances, as well as the general condition of
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the benthic fauna from the Oteshevo, Stenjeand Ezerani localities in Prespa Lake (Republic of
North Macedonia) in the spring 2022.

MATERIALS AND METHODS

The field research took place on three localities (Oteshevo, Stenje and Ezerani) which,
according to previous research, are distinguished by the intensity of the anthropogenic
pressure and changes in the ecological status.The research was done using standard
limnological methods [4-6] and in accordance with the EU Directive. Samples were taken
with a van Veen grab (225 cm?) from different depths (2, 5, 10 m) and habitats using the
method of vertical transects to the extent of macrophytic vegetation in Lake Prespa. The
density values refer to the average density of individuals from two samples on a unit surface -
m?. Determination was done to the species level. The processed material was preserved in
96% ethyl alcohol, labeled and stored in plastic vials.The macrozobenthos species were
determined using keys by the following authors: [4,7-15].

To determine the ecological status of the structure of the macrozoobenthos community the
following structural indices have been calculated: index of species richness - S, Shannon-
Wiener Diversity Index - H' (diversity), Pielou'sindex of evenness J(e) and Simpson's index
(c) in different habitats and localities. The Average Score Per Taxon (ASPT) represents the
average tolerance score of all taxa within the community and is calculated by dividing the
BMWP (Table-6 scores for pollution sensitivity grades for macroinvertebrates families) by
the number of families represented in the sample [16].

RESULTS AND DISCUSSION

During the field activities in June 2022, the qualitative and quantitative composition of the
fauna at the bottom of the Oteshevo locality was analyzed. Consequently, five species from
five classes of bottom fauna (Oligochaeta, Hirudinea, Gastropoda, Amphipoda, and Insecta)
were recorded in the samples (Table 1). These species, representing the aforementioned five
classes, serve as indicators of increased trophic levels in the water, signifying the presence of
organic pollution. The highest biodiversity was observed at a depth of 2 meters, where all five
species were registered. Regarding the density, the population of Dreissena carinata
exhibited the highest density, with 400 ind/mz2.

Table 1 Composition and density of bottom fauna in Oteshevo (June 2022)

Locality Otesevo

D(erg;ch Bottom facies (ratio) Class Species (Iijrfglsrlr:%/)

Oligochaeta Tubifex tubifex 100

Hirudinea Glossiphonia maculosa 25

2 Muddy bottom with shells (50:50) Gastropoda Valvata piscinalis 25
Bivalvia Dreissena carinata 125

Insecta Chironomus plumosus 50

Oligochaeta Tubifex tubifex 175

5 Muddy with Dreissena shells Gastropoda Valvata piscinalis 25
Insecta Chironomus plumosus 100

. . Bivalvia Dreissena carinata 400

10 Muddy with Dreissena shells Insecta Chironomus plumosus 175
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The bottom fauna in the Stenje locality, as observed in the samples from the spring
campaign, was represented by 5 taxa from 5 groups of organisms: Oligochaeta, Hirudinea,
Amphipoda, Bivalvia and Insecta (Table 2). Despite the fair uniformity of the bottom profile
along the transect (mud and shell facies), the distribution of species was not uniform. In this
context, the highest density was observed at a depth of 5 meters, on a muddy facies with
shells, where 5 species were registered, and the highest population of the species Dreissena
carinata was recorded at 3250 ind/mz.

Table 2 Composition and density of bottom fauna in Stenje (June 2022)

Locality Stenje

Depth  Bottom facies . Densit:
o (ratio)  C1asS SJEEEEs (indim)
Oligochaeta Tubifex tubifex 50
2 Muddy bottom Hirudinea Erpobdella octoculata 25
with shells Amphipoda Gammarus triacanthus prespensis 25
Insecta Chironomus plumosus 250
Oligochaeta Tubifex tubifex 50
Muddy bottom H_irudipea Erpgbdella oc_toculata 25
5 with shells Blvalv_la Dreissena carlnata _ 3250
Amphipoda Gammarus triacanthus prespensis 50
Insecta Chironomus plumosus 50
Oligochaeta Tubifex tubifex 375
10 Muddy Insecta Chironomus plumosus 75

During the spring period, the locality of Ezerani was characterized by greater biodiversity
and density of organisms from the bottom fauna compared to other localities (Tables 3and 4).
In June, 9 taxa from 6 systematic groups (Oligochaeta, Hirudinea, Gastropoda, Amphipoda,
Bivalvia and Insecta) were recorded in this locality. At a depth of 5 meters, distinguished by
facies on the bottom with shells of snails and shells, the greatest biodiversity was observed,
with 7 species from 6 systematic groups. The highest density was observed in the species
Limnodrilus hoffmeisteri - 2000 ind/m2,

The results of the survey clearly showed that the structure of the invertebrate community
along the littoral zone of the Lake varies from one locality to another (Figure 1). Thus, more
than half of the total diversity is registered in the locality of Ezerani, while the community of
invertebrates is almost half poorer in Stenje and Oteshevo by five species. Such status is
strongly correlated with the intensity of anthropogenic pressure and changes in the quality of
sediments resulting from fluctuations in the water level of the Lake.

According to the results of the research during April 2021 [17] greater biodiversity and
density were found in the locality of Ezerani, while the lowest density and diversity were
observed in Oteshevo. The most abundant species of the bottom fauna was Dreissena carinata.
All physical-chemical parameters investigated indicate that Lake Prespa is undergoing
eutrophication, and besides the increased phosphorus level, the water level has lowered as
well [18,19]. The diversity and abundance of the benthic fauna, as one of the key components
most affected by the constant fluctuation and withdrawal of the Lake's water, has already been
drastically reduced based on the latest research (2020-2023) [20]. According to the authors,
thus, global warming and changes in water trophy are considered the main triggers and
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vectors that would facilitate the transmission and rapid acclimatization and adaptation of new

species.
Table 3 Composition and density of bottom fauna in Ezerani (June 2022)
Locality Ezerani
D(erﬁ;h Bottom facies (ratio) Class Species (I?rfglsr%
Oligochaeta Eiseniella tetraedra 100
5 Muddy bottom with shells Gastropoda Pyrg_ohydrobia prespaensis 25
Insecta Bat_etls Vernus 25
Chironomus plumosus 25
Oligochaeta E_iseniellg tetraedra_ _ 1500
Limnodrilus hoffmeisteri 2000
Hirudinea Glossiphonia complanata 25
5 Shell zone Gastropoda Valvata piscinalis 25
Bivalvia Dreissena carinata 1300
Amphipoda Gammarus triacanthus prespensis 150
Insecta Chironomus plumosus 1350
Oligochaeta E_iseniellg tetraedra_ _ 1775
Muddy with shells Limnodrilus hoffmeisteri 1000
10 - X -
(without vegetation) Insecta Baetis vernus 25
Chironomus plumosus 1425
Table 4 List of macrozoobenthos species composition in Prespa Lake in spring 2022
Class Species Otesevo Stenje Ezerani
Tubifex tubifex + +
Oligochaeta Eiseniella tetraedra +
Limnodrilus hoffmeisteri +
Glossiphonia maculosa +
Hirudinea Glossiphonia complanata +
Erpobdella octoculata +
Gastropoda Valvata piscipalis _ + +
Pyrgohydrobia prespaensis +
Bivalvia Dreissena carinata + + +
Amphipoda Gammarus triacanthus prespensis + +
Baetis vernus +
Insecta -
Chironomus plumosus + + +

12000 +

10750

10000 +

8000

6000 4225

= Total density

4000

No of species

2000 | 1200

0 T r
Otesevo Stenje

Ezerani

Figure 1 Density and diversity in Otesevo, Stenje and Ezerani from Prespa Lake
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Table 5 depicts the environmental status of the sampling sites according to traditional
indices. The environmental status varied from poor to very good, based on the Pielou and
Simpson indices. The values of H (Shannon & Wiener diversity index) and d (Margalef
index) were closer reflections of the real picture of the ecological status of the sampling sites.

Table 5 The ecological status of the localities according to the indexes in spring 2022

Indexes Otesevo  Stenje  Ezerani
N (ind/m?) 1200 4225 10750
Number of species S 5 5 9

Shannon&Wiener H
Margalef d
Pielou e
Simpson ¢

* red color-very heavily polluted waters; orange - heavily polluted waters; yellow -medium polluted waters;
green-slightly polluted waters; blue -clean unpolluted waters.

2.82 1.38

None of the mentioned indices reflected the real condition of the Lake seen through the
prism of the condition of the bottom fauna, which was generally either very poor in most of
the localities in the Lake, or included representatives that were not indicative enough, or
indicated an environmental status that did not meet the requirements for good environmental
status according to the European Water Directive. Therefore, in this research, the ASPT index
was also used, which proved to be sufficiently indicative and had been checked in past
research. According to this index, no locality met the criteria for a good environmental
condition. Specifically, the localities of Oteshevo and Stenje were categorized as having poor
ecological status, while Ezerani had a moderate ecological status (Table 6).

Table 6 The ecological status of localities according to the ASPT index in spring 2022

Indexes Otesevo Stenje Ezerani

ASPT
*ASPT red color-bad ecological status; yellow color -moderate ecological status.

CONCLUSION

In Prespa Lake, 12 species from 6 systematic groups of bottom fauna were registered:
Oligochaeta, Hirudinea, Gastropoda, Bivalvia, Amphipoda, and Insecta. The richest diversity
is observed in the groups Oligochaeta and Hirudinea, with 3 species each. Other groups are
represented by two species each, with Bivalvia and Amphipoda being the least represented
with one representative each. The results of the survey clearly showed that the structure of the
invertebrate community varies from one site to another along the littoral Lake zone. More
than half of the total diversity is registered in the Ezerani locality, while the invertebrate
community is almost half poorer in Stenje and Oteshevo, with 5 species each. We found
greater biodiversity and density in the locality of Ezerani, while the lowest density and
diversity were observed in Oteshevo. The most abundant species of the bottom fauna was
Dreissena carinata. According to the ASPT index, the localities of Oteshevo and Stenje were
distinguished by a poor ecological status, while Ezerani by a moderate ecological status.
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Abstract

Lake Prespa is a very unique ecological and hydrological system shared by Macedonia, Greece and
Albania that over the past years, has faced serious environmental challenges such as eutrophication
and water level declination. Phytoplankton species represent the most sensitive biological components
of water ecosystems that respond first to changes in nutrient concentrations. Regarding this fact,
phytoplankton is a very good indicator of water trophic state in aquatic ecosystems Phytoplankton
samples were taken seasonality during 2023 at one pelagic and seven littoral sampling points in the
Macedonian part of Lake Prespa. The phytoplankton community in the pelagic zone was dominated by
diatoms and cyanophytes and rare occurrences of the groups dinoflagellates, chlorophytes and
chrysophytes. The diatoms dominated in winter, spring and autumn periods while cyanophytes
dominated in the summer. The total abundance of phytoplankton was considerably higher in summer
than in other seasons which is characteristic for meso-eutrophic lakes. According to the trophic state
index (TSI) based on chlorophyll a concentration two points of Lake Prespa are categorized as
oligotrophic and all other points as mesotrophic.

Keywords: Lake Prespa, phytoplankton community, trophic state.

INTRODUCTION

The transboundary Lake Prespa basin, situated in the Balkan Peninsula is an ecosystem of
global significance. This becomes even more important in the case of systems of great
importance such as ancient world lakes (estimated age between 2 and 35 million years) which
are about a dozen and have long been recognized as unique ecosystems in terms of their
exceptional high biodiversity and levels of endemism [1].

In the past, periodical oscillations of the lake level were in the range of one to three metres,
depending on the amount of rain in the season. After the mid 80’s, a steady decrease of the
water level has been recorded that disturbs the ecological balance of the lake and the
watershed area resulting in serious consequences for the water trophic state, biodiversity and
ecosystem health. A topographic map from the 1940s indicates that the present water level is
5-6 m lower than in the 1940s. As Lake Prespa is relatively shallow compared to its large
surface area, wind and convective mixing lead to completed stratification of the entire water
column from September to April/May and consequently all dissolved substances are
homogenized annually [2]. In addition to this, the industrial activities as well as the over use
of the herbicides in agriculture activities raised the problem of pollution of the water in Lake
Prespa.
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Phytoplankton is one of the most sensitive indicator of the water trophic state in lakes.
Changes in environmental conditions related to anthropogenic load, climate change, nutrients,
water depth and chemistry can affect the phytoplankton community structure and diversity.
The EU Water Framework Directive [3] includes phytoplankton as one of four biological
elements to be used in the assessment of the ecological status of surface waters.

In the last two decades, there were many investigations of the phytoplankton and trophic
conditions that suggested process of eutrophication of Lake Prespa as result of anthropogenic
pressure [4-10].

MATERIALS AND METHODS

The surveys of the phytoplankton in the Macedonian part of Lake Prespa were carried out
at seven sampling points in the littoral zone and one in the pelagic zone at three depths of 0 m,
7 m and 13 m. The phytoplankton samples were collected seasonality during four sampling
campaigns. The samples were collected with a Niskin water sampler and preserved
immediately at the sampling site by adding 4% formaldehyde. The identification of
phytoplankton taxa and quantitative analyses (enumeration of individuals per volume of
water) were done according to Utermohl [11], using an inverted microscope LW101-2
trinocular, with epi-illumination module and camera OmniVID, 8.0 MP.

Chlorophyll a was analysed according to 1ISO 10260 [12], using a spectrophotometer UV—
VIS SPECORD 10 (Zeiss) after an extraction with 90% ethanol. Total phosphorus (TP) was
measured spectrophotometrically wavelength 885 nm, after digestion of the water sample
with peroxodisulfate [13,14]. The Trophic State Index (TSI) was calculated based on values
of chlorophyll a concentration and total phosphorus concentration [15].

RESULTS AND DISCUSSION

A total number of 75 phytoplankton taxa were collected in Lake Prespa during the winter,
spring, summer and autumn campaigns of 2023. The taxa belonged to eight divisions:
Cyanophyta (Cyanobacteria), Bacillariophyta, Chlorophyta, Chrysophyta, Charophyta,
Pyrrophyta, Cryptophyta and Euglenophyta. Most of the phytoplankton taxa identified
belonged to Bacillariophyta (42 taxa), followed by Cyanophyta (12) and Chlorophyta (11).
The other groups of algae are represented by a small number of taxa Chrysophyta (3)
Charophyta (3) Pyrrophyta (2), Cryptophyta (1) and Euglenophyta (1).

The number of taxa at the littoral points was higher than in the pelagic zone because their
phytoplankton communities contain species that usually live on the bottom and on
macrophyte vegetation. The highest number of taxa (44) characterized littoral sampling point
Krani, followed by Stenje (42) and the lowest number of taxa was recorded at Slivnica (29)
and at the pelagic zone (31) (Table 1).

During the investigations it was determined that Cyanophyta was the dominant
phytoplankton group in the summer period, and the species Planktolyngbya limnetica
dominated in terms of its abundance. Other species of cyanobacteria that may be potentially
toxic were represented with low or insignificant abundance or were not recorded at all in the
phytoplankton. In the rest of the seasons, the pelagic zone was dominated by the diatom
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Cyclotella ocellata and in the littoral points, in addition to this species, which was dominant
in all seasons with high abundance, the species Navicula sp. was represented with significant
abundance and in the autumn period the species Aulacoseira sp. was dominant species.

Table 1 The number of phytoplankton species in each of the sampling points in Lake Prespa

] Peb) S = - 8 8 (@) E

22 s 2 8 &8 € © £¢g

sR g £ & ¥ =2 s 83
Cyanophyta 7 7 5 4 5 5 2 3
Bacillariophyta 11 24 27 25 28 17 22 24
Chlorophyta 6 6 3 3 5 3 5 3
Charophyta 3 2 2 2 2 2 2 2
Chrysophyta 2 1 2 1 1
Pyrrophyta 2 1 1 1 1 1 1 1
Cryptophyta 1 1 1 1 1
Euglenophyta 1
Total 31 42 40 36 44 29 33 34

The total abundance of phytoplankton was considerably higher in summer than in other
seasons and the lowest phytoplankton abundance was observed in autumn. In summer, the
highest abundance of phytoplankton was recorded in Pretor with 7,720,000 ind/l, and the
lowest density was in Slivnica (1,664,000 ind/l) and Nakolec, where it was 1,776,000 ind/I. In
the other seasons, there were no significant differences in the abundance of phytoplankton
between different points (Figure 1).
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Figure 1 Total phytoplankton abundance at sampling points of Lake Prespa

Chlorophyll a is a photosynthetic pigment that integrates all types of algae and serves as a
measurable indicator for the entire phytoplankton production, that is, the phytoplankton
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biomass, and therefore it is a very significant parameter for determining the trophic state of
the lake water. The average annual values of chlorophyll a concentration at the all sampling
points during 2023 were below 5.1 pg I and there were no significant differences in the
values of different sampling points. The average value of chlorophyll a concentration in the
pelagic zone was slightly lower than in the littoral zone and recorded 2.56 pg 1, the highest
values were observed in Pretor (5.04 pg 1I™") and Slivnica (4.78 pg I') (Figure 2).

The average annual total phosphorus concentration in the pelagic zone was 28.87 pg I,
while in the littoral zone the highest value of 57.74 pg I* was recorded in Pretor, in Dolno
Dupeni was 31.82 pg It and at all other points were below 30 pg 1™ (Figure 3).

The obtained results showed that the anthropogenic impact, especially expressed in the

littoral zone of the lake near the rivers inflows, agriculture areas and touristic complexes have
significant influence on the water trophic state.
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Figure 2 Average annual chlorophyll a concentration at sampling point of Lake Prespa
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Figure 3 Average annual total phosphorus concentration at sampling points of Lake Prespa
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The trophic state index (TSI; Carlson, 1977) is an indicator of water trophic level and
provides a basis for relating chlorophyll a levels and transparency to total phosphorus, which
tends to promote algal production. According to the values of the trophic state index (TSI)
based on the concentration of chlorophyll a, during 2023, the lake water at pelagic zone and
Stenje was categorized as oligotrophic, and at all other points of littoral zone of Lake Prespa
were categorized as mesotrophic (Figure 4).
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Figure 4 Trophic state index based on chlorophyll a concentration

According to the values of the trophic state index (TSI) based on the concentration of total
phosphorus, during 2023, the lake water at Stenje, Krani, Slivnica and Nakolec were
categorized as mesotrophic, pelagic zone and Oteshevo was categorized as meso-eutrophic,
Pretor and Dolno Dupeni as eutrophic (Figure 5).
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Figure 5 Trophic state index based on total phosphorus concentration
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CONCLUSION

Phytoplankton diversity and abundance is a very important tool in the monitoring of the
seasonal changes in Lake Prespa, showing process of eutrophication especially during the
summer season. Most phytoplankton species identified belong to the Bacillariophyta.
Investigations showed distinct seasonal differences in phytoplankton composition.
Bacillariophyta were the dominant group in spring, autumn and winter. In summer
Cyanophyta was the dominant algal group at all sampling points

Phytoplankton composition as well as spatial and temporal distribution of phytoplankton in
Lake Prespa is typical for mesotrophic lakes.

The trophic state index based on chlorophyll a concentration and total phosphorus was the
highest in littoral sampling point Pretor as a consequence of the negative influence of River
Golema that flows into the lake at that point.
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Abstract

The present study provides data on early, late and out-breeding season bird singing of the following
songbird species: Eurasian Blackbird (Turdus merula), Eurasian Blackcap (Sylvia atricapilla) and
Cirl Bunting (Emberiza cirlus). Untimely species’ song was noted in the period 2013-2023 (one
decade) at the total of 10 sites in Serbia. Also field notes on some other songbird species singing are
given in the present study.

Keywords: Blackbird, Eurasian Blackcap, Cirl Bunting, out-breeding song, Serbia.

INTRODUCTION

The impacts of climate change on biodiversity are more intensive from year to year.
Recently we could observe many consequences of climate change and global warming as well
(e.g. in the temperate climate regions a growing season is prolonged; a winter season is
shorter and less severe). Most bird species sing by day, with two distinct peaks of vocal
activity - around sunrise and sunset. However, even typically diurnal birds also sing during at
night what is for them an atypical part of the day. To date, the mechanism and function(s) of
such behavior remain unclear across bird taxa [1].

Singing activities of birds in the early spring are mainly controlled by the photoperiod and
other environmental factors such as temperature, food, and rainfall [2]. In spring, most adult
males begin to sing for territorial defense and to attract mates for the coming breeding season
[3,4]. Although spring singing of birds is mainly controlled by intrinsic mechanisms triggered
by photoperiodic changes, fine-scale variations are mediated by other environmental factors
such as temperature, food resources, and rainfall [5-9]. The environmental factor of
temperature has been more often studied than other environmental factors. Also it was found
a strong relationship between the overnight minimum temperature and singing activity the
following morning in the Eurasian Wren (Troglodytes troglodytes) and Great Tit (Parus
major) [10]. Also the vocal activity of the Song Thrush (Turdus philomelos) was significantly
proportional to air temperature in the early morning [11]. These findings indicate that birds
might reduce their singing activity in order to save energy during times of low temperature,
because a considerable amount of energy and time is required for singing [12,13].
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In the present study we noted the vocal activity of birds out of songbirds out of breeding
season providing new data on early, late and out of breeding season bird singing of the
following bird species in: Eurasian Blackbird Turdus merula Linnaeus, 1758, Eurasian
Blackcap Sylvia atricapilla (Linnaeus, 1758), and Cirl Bunting Emberiza cirlus Linnaeus,
1758.

MATERIALS AND METHODS

We evidented accidentally the singing males in out-of-breeding season, of three songbird
species: Eurasian Blackbird (Turdus merula), Eurasian Blackcap (Sylvia atricapilla) and Cirl
Bunting (Emberiza cirlus) in Serbia. We set up a hypothesis related to analyzing of the
correlation of air temperature with the species’ vocal activity of the studied bird species. All
the species have been acoustically identified based on singing in the field. We used an
approach in which “target” species are linked to suitable breeding habitats. The observers
walked around the investigated site and the surrounding area listening for males’ singing.
Considering these species are not highly territorial out of breeding period, the bird censuses
were done with main goal to record infrequent and discontinuous species’ singing.

RESULTS AND DISCUSSION

The presented data refers to the singing out of the breeding season for three songbird
species: Turdus merula, Sylvia atricapilla and Emberiza cirlus. In the period of 2013-2023
(one decade), the “untimely” song of the studied species was recorded at the total of 10 sites
in Serbia. Additional information on species singing is provided in Table 1.

Table 1 Relevant data on studied species singing

No. of
Species Site Date Latitude Longitude Time Notes
singing J&
T. merula Zvezdara AFeb- 447086111 20509444  7:30 AM 1
Forest 2018
T. merula Zveztara 25-Feb- /2986111 20509444 8:20 AM 1
Forest 2018
T. merula Zvezdara 8-Feb- 447086111 20509722 7:05 AM 1
Forest 2019
T. merula Zvezdara 16-Feb- 44 7086111 20509722  5:15PM 1
Forest 2019
T. merula Zveztara 26-Feb- /2986111 20509722 7:10 AM 1
Forest 2019
T. merula Zvezdara 28-dan- 42086111 20509722 7:41 AM 1
Forest 2021
T. merula Zvezdara 8-Feb- 447086111 20509722 6:28 AM 1
Forest 2021
T. merula Zvezdara 24-Feb- /2986111 20509722 6:36 AM 1
Forest 2021
T. merula Zvezdara 25-Feb- 2986111 20509722 5:35 PM 1
Forest 2021
T. merula Zvezdara 14-Feb- ) 7986111 20509444  5:05PM 1 “silent”
Forest 2022 song
T. merula Zvezdara 18-Feb- ) 7986111 20500444  5:18 PM 1
Forest 2022
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Table 1 continued

T.merula ~ Zvezdaa  20-Feb- 0086110 20500444 4:33PM 1 intensive
Forest 2022 singing
T. merula Zvezdara 28-Feb- 117086111 20500444  7:05 AM 1 rain and
Forest 2022 SnoOwW
Zvezdara 28-Feb- 11:40
T. merula Forest 2022 447986111 20.509444 AM 1
Zvezdara 13-Jan- E.rubscula
T. merula 44.7986111 20.509444  6:05 AM 1 singing at
Forest 2023 .
same site
Very short
-Jan- song (1
T. merula Zvezdara 15°an- ) 7086111 20509444 3:47PM 1 minute) on
Forest 2023
sunny and
windy day
S. Zvezdara 26-Feb- .
atricapilla Forest 2018 44.7986111 20.509444 8:36 AM 1
S. Zvezdara 28-Feb- .
atricapilla Forest 2018 44.7986111 20.509444 3:40 PM 1
S. Zvezdara 24-Feb- .
atricapilla Forest 2019 447986111 20.509444 7:12 AM 1
S. Zvezdara 4-Mar- .
atricapilla Forest 2019 44.7986111 20.509722 7:40 AM
S. Zvezdara 8-Mar- .
atricapilla Forest 2019 44.7986111 20.509722 7:50 AM 1
S. Zvezdara 11-Mar- .
atricapilla Forest 2022 447986111 20.509444 8:56 AM 1
S. Zvezdara 21-Mar- .
atricapilla Forest 2022 447986111 20.509444 7:15 AM 1
E. cirlus Brza Palanka 12601?' 44.465933 22449896  2:50 PM 1
. .. . 3-Oct- 12:15
E. cirlus Prijepolje 2014 43.381002 19.638083 PM 1
- Vrnjacka 17-Oct- 11:12
E. cirlus Banja 2014 43.618748 20.897502 AM 1
. Vrnjacka 17-Oct- .
E. cirlus Banja 2014 43.618748 20.897502 3:43 PM 1
E. cirlus Vmjacka 19-0ct- 43618748 20897502 9:33 AM 1
Banja 2014
E. cirlus Vmjacka - 20-0Ct- 3610748 20897502 1:55PM 1
Banja 2014
. . 26-Oct- 10:15
E. cirlus Gradac River 2014 44257637 19.889266 AM 1
. . 26-Oct- 11:03
E. cirlus Gradac River 2014 44,255797 19.888288 AM 1
E. cirlus Nemenikuée 22-05112{3- 44.492503 20.574956 2:52 PM 1
. o, 4-Oct- 10:18
E. cirlus Nemenikuce 2014 44.492503 20.574956 AM 1
. o, 12-Oct- 12:41
E. cirlus Nemenikuée 2014 44.492503 20.574956 PM 1
E. cirlus Nemenikuce 42’(\;?:1/ 44.492503 20.574956 1:00 PM 1
. o, 11-Nov- 12:17
E. cirlus Nemenikuce 2014 44.492503 20.574956 PM 1
. o 11-Nov- .
E. cirlus Nemenikuce 2014 44.492503 20.574956 3:45 PM 1
. . 9-Nov- 10:05
E. cirlus Petnica 2014 44252274 19.939166 AM 1
E. cirlus Petnica 9;(\)'3" 44252274 19939166  1:24 PM 1
. . . 22-Oct- .
E. cirlus Osanica River 2021 44.0675 21.155555 2:30 PM 1
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Many previous topic studies did not provide data on out-of-season singing for these three
songbird species. For comparison, the breeding season of analysed species according to
different literature sources is given in Table 2.

Table 2 Breeding season of studied species according to different literature sources
Bird Protection and

. Common Makatsch (Vogel Switzerland (Rasajski, :
SlEEEE name Mit Europe) (Vogelwarte) scribendarum) gg:g?/a (psr?)(ggggl) el
Turdus Eurasian st st st st st st st st
merula Blackbird Apr 01* July 10 March 10°-Aug 10> March 20*—June 10 March 15*—July 20
Sy|Via Eurasian st st st st st st st st
atricapilla  Blackcap May 15*-July 30>  Apr 20*-Aug 10 Apr 20*July 15 Apr 15*July 10
Emberiza  Cirl Apr20°-Aug 01%  Apr20"-Sep 08" May 1°July 01% Apr 10°Jul 20°

cirlus Bunting

Global warming is likely to initiate spring singing at an earlier date and thus advance the
breeding cycle of birds [14,15].

Breeding males have to sing as early as possible in order to hold a territory [10] because
the security of a territory will contribute greatly to their upcoming reproductive success.
Temperature might play a crucial role in spring singing of birds and act as an important
environmental factor in initiating the breeding process of birds [8].

Besides during this research the authors recorded singing of some other bird species, such
as lIcterine Warbler (Hippolais icterina) (Vieillot 1817) and Eastern Olivaceous Warbler
(Iduna pallida) (Hemprich and Ehrenberg 1833) during late spring migration (May), out of
breeding sites and typical habitats, and maybe close to them (for Icterine Warbler one
observation from the the City of Krusevac, southern Serbia) which could be regarded as some
“unterritorial” singing affected by air temperature, and maybe competitiveness of some other
“territorial” and songbird species (predominantly tits and finches singing at the same time in
their regular breeding habitats). We suppose if the singing birds are in suitable habitats, they
can sing during migration. As contrary, we think if the temperature is high enough to initiate
bird singing during migration, the birds could sing in other “non-breeding” habitats.

During the research the authors observed some type of “silent” song for Blackbird (early
season song in February) and Blackcap (most recent observations in August 2022 on Maljen
Mt, after breeding period, as well as early autumn (October) regular song for one more
species, Mistle Thrush Turdus viscivorus L. 1758). “Silent” song consists of similar phrases,
but faster and high-pitched, and very quiet. In general the authors recorded Blackbird often
sings in sunny evenings after storm and rainfall, and in the early morning as well. Recently
we recorded for Blackbird in the Zvezdara Forest, Belgrade, that specimens did not sing
frequently (every day during breeding period), but 3-5 times weekly, often with vocal
mimicry (some parts of the Blackbird song syllables of some phrases resembled Eurasian
Golden Oriole (Oriolus oriolus), European Starling (Sturnus vulgaris) song, Eurasian Magpie
(Pica pica) call and Eurasian Scops Owl (Otus scops) alarm call. These species breed in the
surroundings supporting the Blackbird vocal mimicry. Also for Blackbird, we recorded
forthcoming repetition of previous phrases or part of phrases in the song, particularly at the
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dawn. In the Zvezdara forest and its suburbs, we recorded Common Redstart (Phoenicurus
phoenicurus) song ending phrases resembled Lesser Whitethroat (Curruca curruca) song.

The authors also observed some other bird species were singing intensively during winter
period compared to other seasons, even these species are not breed in winter, such as Eurasian
Wren (Troglodytes troglodytes) (Linnaeus, 1758) - predominantly in sunny, cold mornings,
and European Robin (Erithacus rubecula) (Linnaeus, 1758) - predominantly in dawn, late
evening, and cold nights, also at foggy days without sunrays. Also, during September 2022
we record uncommon variation of the Black Redstart (Phoenicurus ochruros) (S. G. Gmelin
1774) song at the Zlatibor Mt. in early morning after night showers. During late winter and
spring of 2023, night and dawn singing of the Great Tit (Parus major) Linnaeus, 1758 was
recorded at three sites in Serbia: Belgrade City - Medakovi¢ 11, Belgrade - Zvezdara Forest
(Central Serbia), and Negotin - the town center (East Serbia). All sites are situated in urban
area (city and town). The song is atypical, very loud, characterized by repeatable syllables
with some variations. Often two males were singing at the same time.

CONCLUSION

In the present study we assumed resident (sedentary) birds primarily sing with main goal to
mark their territory as well as to attract mates for nesting. Female birds often choose their
mates based on some blend of visual and vocal cues. Even male birds with beautiful breeding-
season plumage can have trouble finding mates if their songs don’t measure up. Each bird
species typically has its own unique song. That allows an individual bird to hear a song and
recognize whether the singer is from its own species [15].

We concluded early are late season singing of the studied songbird species could be
primarily affected by air temperature (high air temperature affects singing). Also “silent” song
we recorded could be explained by this fact.

Also we could confirm a hypothesis the average air temperature was highly correlated with
the studied species’ initiation to singing. Our results confirmed that air temperature can affect
the vocal activity of birds as found in other studies corroborating the data obtained in our
study. These results indicated that air temperature has a clear impact on bird vocal behavior at
the community level. Previous studies, e. g. [10] reasoned that having spent much energy in
maintaining the body temperature on cold nights, birds would show a greater demand to feed
the following morning which would therefore lead to a decline in singing activity. Indeed,
singing and foraging are mutually exclusive or close to being so, and thus a trade off might
occur between the amount of time that a bird can spend on either behavior [7].
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Abstract

The study aimed to provide data on three faunistic groups (Hemiptera, Orthoptera and birds) used as
indicators of climate change as well as to formulate area-specific climate change index (the Serbian
Climate Change Index - Scc;). Based on the data obtained, a total of 56 indicator taxa (10 hemipteran,
21 orthopteran and 25 bird species) belong to 17 families were included from the entire territory of
Serbia. The Scc; is based on the statement that these species have expanded their distribution ranges
and population density throughout Serbia during last decade (2012-2022) as well as predictions to
inhabitat still inhabitable habitats in the Peripannonian and Pannonian regions. Some of species,
predominantly hemipteran and orthopteran, had acquired new habitat preference (e. g. expanded to
urban areas) moving northwardly with their range and abundance expansion. On the other hand, as
consequence of climate change and global warming, some species were found to be indicators of
environmental degradation and habitat fragmentation.

Keywords: bioindicators, climate change, Hemiptera, Orthoptera, birds, Serbia.

INTRODUCTION

Republic of Serbia, which is in the South-East part of the Europe at Balkan Peninsula, is
experiencing warming trend [1] with accelerated temperature increase, and evident signal in
trend of increase since 1980-ties [2].

The study aimed to provide data on three groups (Hemiptera, Orthoptera and Aves) used as
indicators of climate change as well as to formulate area-specific climate change index (the
Serbian Climate Change Index - Scc)). Based on the data obtained, a total of 56 indicator taxa
(10 hemipteran, 21 orthopteran and 25 bird species) belong to 17 families were included from
the entire territory of Serbia. The Scc, is based on the fact that these species have expanded
their distribution ranges and population density throughout Serbia over a previous one decade
(2012-2022) as well as predictions to inhabitat still inhabitable habitats northwardly, situated
in the Peripannonian and Pannonian regions. Some of the species, predominantly hemipteran
and orthopteran, had acquired new habitat preference (e.g. expanded to urban areas).
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MATERIALS AND METHODS

The Serbian Climate Change Index (Scci) was based on the statement these species
expanded their distribution range, and population density as well, throughout Serbia during

the last decade (2012-2022).

The indicators were selected using three main principles: 1) extending species’ area to the
previously known 2) increase species population density compared to earlier period,
3) adaptate to suburban in urban areas changing the species’ native habitat preference.

RESULTS AND DISCUSSION

The data on the selected Hemiptera-Orthoptera-Aves (HOA) indicator taxa which were
used to develop the Serbian Climate Change Index (Scc) are provided in Table 1.

Table 1 Indicator taxa list and related data

Group/Species Indigator Urban Newly-colonized ha_bitats
weight area (2012-2022) and ecological notes

HEMIPTERA +

Tettigetta dimissa (Hagen, 1856) 5 + +

Pagiphora annulata (Brullé, 1832) 5 + +

Tibicina haematodes (Scopoli, 1763 5 + +

Lyristes plebejus (Scopoli, 1763) 4 +

Cicada orni Linnaeus, 1758 4 + +

Cicadatra hyalina (Fabricius, 1798) 5 + +

Cicadatra atra (Olivier, 1790) 5 +

Cicadetta concinna Germar, 1821 4

Cicadetta montana (Scopoli, 1772) 4

Cicadetta macedonica Schedl, 1999 4

ORTHOPTERA

Eumodicogryllus bordigalensis 5 + +

(Latreille, 1804)

Modicogryllus truncatus (Tarbinsky, 4

1940)

Modicogryllus frontalis (Fieber, 1844) 4

Melanogryllus desertus (Pallas, 1771) 5

Oecanthus pellucens (Scopoli, 1763 4 + +

Pteronemobius heydenii (Fischer, 1853) 5 + +

Acheta domesticus (Linnaeus, 1758) 2 +

Acrida ungarica (Herbst, 1786) 3

Empusa fasciata Brullé, 1832 3 xerothermic species

Saga pedo (Pallas, 1771) 5

Phaneroptera nana Fieber, 1853 5 + +

Phaneroptera falcata (Poda, 1761) 5 + +

Conocephalus fuscus (Fabricius, 1793) 3

Metrioptera brachyptera (Linnaeus, 3 + +

1761)

Eupholidoptera chabrieri schmidti 4 + +

(Fieber, 1861)

Pachytrachis gracilis (Brunner von 4 + +

Wattenwyl, 1861)

Ruspolia nitidula (Scopoli, 1786) 5 stenotopic species

Tettigonia viridissima (Linnaeus,1758) 2 +
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Table 1 continued

Tettigonia caudata (Charpentier, 1845) 4 +
Decticus albifrons (Fabricius, 1775) 5 +
Decticus verrucivorus (Linnaeus, 1758) 2 predicted nOftI‘f]L\:\tIS:S expansion In
AVES
Accipiter brevipes (Severtzov, 1850) 4 predicted nOftI‘f]L\:\tIS:S expansion In
not breed in Serbia:
Falco naumanni Fleischer, 1818 4 predicted northward expansion in
future
Tachymarptis melba (Linnaeus, 1758) 5 +
Apus pallidus (Shelley, 1870) 4 +
Motacilla citreola Pallas, 1776 3
Hirundo daurica Linnaeus, 1771 2
Melanocorypha calandra (Linnaeus, 5 predicted northward expansion in
1766) future
Calandrella brachydactyla (Leisler, 5
1814)
Sitta neumayer Michachellis, 1830 5 predicted nort?ward expansion in
uture
Lanius senator Linnacus. 1758 4 predicted northward expansion in
' future
Lanius nubicus Lichtenstein, 1823 5 predicted nortpxs:g expansion in
Oenanthe melanoleuca (Glldenstadt, 5 predicted northward expansion in
1775) future
Monticola solitarius (Linnaeus, 1758) 5 predicted nort?L\:\tls:g expanston n
Monticola saxatilis (Linnaeus, 1758) 3 predicted nort?t\j/\tlsg expansion n
Cisticola juncidis (Rafinesque, 1810) 5 predicted nort?L\:\tls:g expansion 1n
Cettia cetti (Temminck, 1820) 4 predicted northward expansion in
' future
Sylvia crassirostris (Cretzschmar, 1825) 5 predicted nort?:]/\t/f};g expanston n
Sylvia cantillans (Pallas, 1764) 5 predicted northward expansion in
' future
not breed in Serbia:
Sylvia melanocephala (Gmelin, 1789) 5 predicted northward expansion in
future
not breed in Serbia:
Hippolais olivetorum (Strickland, 1837) 5 predicted northward expansion in
future
Iduna pallida Hemprich & Ehrenberg, 4
1833
Phylloscopus orientalis (C. L. Brehm, 4 predicted northward expansion in
1855) future
Petronia petronia (Linnaeus, 1766) 4 predicted nort?l\J/\t/S?S expansion i
Passer hispaniolensis (Temminck, 1820) 4
Emberiza melanocephala (Scopoli, 4

1769)
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Serbian Climate Change Index (Scci)
The Serbian Climate Change Index (Scci) for the local area is calculated as follows:

sccl=it 1)

where:

n - number of indicator species in local area (i = 1, 2, 3...n)

a; - relative abundance of i"™-species

Wi; - indicator weight of i™-species.

The species’ indicator weight (W) is assessed as follows:

1 - very low

2 - low

3 - moderate

4 - high

5 - very high.

The species’ relative abundance in local area (a) is estimated using the five-ranked
abundance scale:

1 - very rare

2 - rare

3 - common

4 - frequent

5 - very frequent.

A degree of impact by climate change in local area was assessed based on the data
obtained for the Scc:

0.00-1.25 - not significantly affected area

1.26-2.50 - lowly-affected area

2.51-3.75 - moderately-affected area

3.76-5.00 - affected area.

Species “thermal expansion”

The impacts of climate change on biodiversity are more intensive from year to year. Some
species (particularly cicadas and crickets) have ability to relatively rapid dispersion and
migration expanding their distribution range. Such expansion is primarily caused by
temperature as a main factor (“thermal expansion®). Detectability of these species is very high
due to, in some species, even continuous stridulation, particularly during prolonged heat
waves with tropical nights. Heat retention and thermal radiation of urban infrastructure
additionally affect species stridulation. The population of these cicada and cricket species in
recent years has considerably increased in suburban and urban areas in Serbia. Furthermore
the species have gradually selected new habitat types (previously different; natural and less
degraded) broading their ecological tolerance as well as becoming hemisynanthropes and
synanthropes - is this could be considered as a climate change adaptation?
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Urban heat island (UHI) effect, the ubiquitous consequence of urbanization, is considered
to play a major role in population expansion of numerous insects. Effects of temperature on
cicada densities have been discerned from other environmental factors, as cicada densities
increased measurably in tandem with elevated temperature [3].

CONCLUSION

Recent climate changes affect, predominantly, cicada and cricket species populations in
suburban and urban areas of Serbia intensifying synanthropy of the species as a consequence
of temperature-driven range expansion. Also some birds are good indicators of recent climate
change, but it is more likely they need more time to colonize still inhabitable habitats
northwardly, and simultaneously, to change their native habitat preference: it could be the
long-term process. Nowadays we are aware of many consequences leaving climate change
and global warming on biodiversity. Does such caused “synanthropization” include changing
of habitat preference of these species and adaptation to the new habitats in urban in suburban
areas with anthropogenic impact? Indeed, new findings could indicate synanthropy of the
species as well as a wide range of the species habitat selection. Previously, the most of the
species inhabit only less degraded habitats. Expansion of the species range, new records with
higher species abundance in suburban and urban areas in Serbia could reflect consequences of
recent climate changes and global warming (“prolonged” heat waves with tropical nights).
Thus these species extending their range northwards could be used as good indicators of
climate changes. Furthermore, the existing populations of the species are increased in the
covered area (Serbia) following predicted future climate change scenarios.

REFERENCES
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Abstract

The Celije reservoir was built to prevent flooding and sedimentation in the Perdap reservoir, but now
serves as an important water source for the Rasina district. Due to sediment deposits, its length has
been reduced by about 1 km and is now about 31 km at normal water levels. The Lake Celije
ichthyofauna has been monitored for over a decade. For this study, the ichthyocoenosis was analyzed
in 2011, 2016 and 2023. Sampling was carried out using electrofishing and fishing nets with different
mesh sizes. In 2011, eleven fish species were recorded, including strictly protected tench, Tinca tinca,
and protected species, chub Squalius cephalus, which were only detected in that year. In 2016, nine
fish species were found, with Wels catfish, Silurus glanis missing in 2023. The non-native species the
pumpkinseed, Lepomis gibbosus and the Gibel carp Carassius gibelio were evenly represented each
year. Even with the highest number of fish species in 2011, the Shannon diversity index was lowest at
1.33, likely due to the high abundance of freshwater bream, Abramis brama. In 2016, the Shannon
index increased to 1.68, and in 2023 it increased further to 1.76. The ABC curve was also calculated.
In 2011 and 2023, biomass exceeded abundance, indicating a stable biocoenosis with low fishing
pressure. In 2016, the curves overlapped, indicating higher fishing pressure. Only two non-native
species, the Gibel carp and the pumpkinseed, were detected in this ichthyocoenosis. Another invasive
species spiny cheek crayfish Faxonius limosus has been recently detected and reported to be
abundantly present by locals. While non-native species do not outnumber native species in Celije
reservoir, the decrease in species diversity since the first year of sampling underscores the growing
importance of conservation and monitoring efforts.

Keywords: diversity index, accumulation, non-native species, fish fauna, ABC curve.

INTRODUCTION

The The Celije reservoir, located in Central Serbia was originally established between
1972 and 1983 by damming the Rasina River, as part of flood prevention measures and
sediment retention for the largest reservoir in Serbia, Djerdap gorge. Its purpose has since
been changed to become a primary drinking water source of the Rasina district and now it
serves as a main regional water source, supplying drinking water and catering to
approximately 200,000 residents in this part of Serbia. Officially designated as a drinking
water source for both utility and economic needs, the reservoir is regulated by the Law on the
Use and Protection of Water Supply Sources. Reservoir Celije spans 12 kilometres in length
and 450 meters in width, with a maximum depth of approximately 45 meters (average around
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14 m). Water levels peak in late spring and dip in late summer and early autumn. Covering an
area of about 598 square kilometres, its summer visibility averages four meters. Water levels
fluctuate based on rainfall and usage. In winter, indirect thermal stratification occurs, but ice
formation is rare in milder winters. The original purpose of the Celije accumulation was to
meet specific hydraulic engineering needs, resulting in a dam crest height of 28 meters above
the water intake section's bottom. However, a significant challenge in managing the Celije
accumulation ecosystem is the presence of stagnant water, leading to increased organic load
and water quality issues during periods of water inversion. This includes the proliferation of
cyanobacteria Microcystis aeruginosa, which elevates water treatment costs. Among other
challenges, the Celije hydro-accumulation is surrounded by numerous point sources of
pollution from rural households along its shores, making it highly susceptible to intense
eutrophication and rapid aging processes [1]. Priority measures for protecting and sustainably
utilizing the fish stock include controlled fishing and biomanipulative procedures based on the
BOTTOM UP principle [2] aimed at regulating fish population size and structure while
minimizing impacts on water quality. Improper fish stocking introduced the silver carp
Hypophthalmichthys molitrix, a non-native species originating from Asia. Ichthyofauna of
reservoir Celije has been monitored for more than 10 years. For this study, the ichthyofauna
and the dynamics between native and non-native species were analysed and compared in
2011, 2016 and 2023. Additionally, the presence of the invasive spiny cheek crayfish
Faxonius limosus was confirmed last year [3], but the locals have reported abundant sightings
of this invasive species. This species could pose a threat to native fauna due to its rapid
reproduction and potential transmission of crayfish plague.

MATERIALS AND METHODS

Sampling of ichthyofauna on reservoir Celije (Figure 1) was carried out during summer of
2011, 2016 and 2023 using electrofishing gear and fishing nets with different mesh sizes.
Electrofishing was done using Loncin apparatus motor power of 2.2. kW, with output current
220 V, max power 8A DC and frequency 10-60 Hz. Starting point for electrofishing was
always the same: 43°23'22.4"N 21°09'48.2"E, 275 m with the surface covered approximately
1000 m? each year. Nets length of 150 m mesh size 6 mm, 5 mm and 4 mm were left for more
then five hours in water each time. Crayfish sampling was done using plastic baited traps that
were left in water for three hours. Species were determined on site using a determination key
when needed [4] and each specimen were measured for standard length and mass. Abiotic
parameters, temperature, pH, oxygen saturation and conductivity were also measured each
year. Data were analysed in Excel 23, several diversity indices were measured: Shannon [5],
Simpson [6] and Ecologic index [7], as well as saprobity index using the Sladec¢ek indicator
list [8]. Abundance biomass comparison (ABC) curves were calculated using both biomass
and number of individuals per species [9]. Total biomass and number of non-native species
were compared for each year, as well as biomass and number for native species. Repeated
Measures ANOVA was used to assess the statistical significance of differences in both the
percent number and biomass between non-native and native species across each year. For
each species recorded, the protection status was checked in accordance with national and
European legislation and recommendations.
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Figure 1 Position of reservoir Celije in central part of Serbia

RESULTS AND DISCUSSION

During the monitoring of ichthyofauna of reservoir Celije, a maximum of eleven fish
species were recorded in 2011 (Table 1).

Table 1 List of identified species, number of caught individuals (N), percentage of number (N%), body
weight in g (W) and percentage of body weight (W%) in 2011, 2016 and 2023

2011 2016 2023

Family Species
N %N  W() %W %N  W(@) %W N %N  W(Q) %W

pzd

Cyp“n'dae Alburnus alburnus 51 6,75 126 0,12 19 12,75 281 0,93 24 7,67 131 0,21
Carassius g|be||o 50 6,62 6764 6,26 1 0,67 519 1,71 11 2602 3,51 4,14

Cyprinus carpio 1 0,13 3000 278 1 0,67 11000 36,24 13 9693 4,15 15,43
Leuciscidae ~ Squalius cephalus 3~ 0.40 60 006 0 0 0 0 0 0 0 0
Abramis brama 465 6158 73675 6821 29 1946 5062 16,68 21 6,71 2661 4,23
Rutilus rutilus 62 8,21 1530 1,42 61 40,94 1770 5,83 95 30,35 1231 1,96
Tincidae Tinca tinca 1 013 12 001 0 0 0 0 0 0 0 0
Percidae Sander lucioperca 93 12,32 15374 1423 13 8,72 7282 24 97 31 39889 63,49
Perca fluviatilis 16 2,12 102 0,09 15 10,07 1289 4,25 33 6293 10,54 10,02
Siluridae Silurus glanis 6 0,79 7238 6,70 3 2,01 3016 9,94 0 0 0 0
Centrarchidae  Lepomis gibbosus 7 0,93 127 0,12 7 4,70 1295 0,43 19 6,07 330 0,53
Total 755 100 108008 100 149 100 30349 100 313 100 62830 100

On the basis of national legislation [10], one strictly protected species, tench (Tinca tinca)
was detected but only in 2011. Six protected species: chub Squalius cephalus, pikeperch
Sander lucioperca, Eurasian perch Perca fluviatilis, freshwater bream Abramis brama, Wels
catfish Silurus glanis and common carp Cyprinus carpio were also detected of which chub
was detected solely in 2011. Wels catfish is also listed as a protected species by Bern
convention [11]. Beside those, two native species that are not under protection were sampled:
bleak Alburnus alburnus and roach Rutilus rutilus. Non-native fish species that were detected
through sampling were Gibel carp Carassius gibelio and pumpkinseed Lepomis gibossus,
both present every sampling year. No individuals of silver carp were caught during the
investigation. In 2016, nine fish species were found, with Silurus glanis missing in 2023.

The abundance and biomass of non-native species Lepomis gibbosus and Carassius gibelio
were evenly represented each year (Figure 2). The results of the Repeated Measures ANOVA

indicated no statistically significant difference (P>0.05) between non-native fish abundance
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and mass over the years. Another non-native species, spiny cheek crayfish, was caught in high
abundance. While there are unofficial reports of its presence dating back about ten years, it
was never in such large quantities, with 65 individuals caught in an area of 5 m2.

Even with the highest number of fish species in 2011, the Shannon diversity index was
lowest at 1,33, likely due to the high abundance of Abramis brama. In 2016, the Shannon
index increased to 1,68, and in 2023 it increased further to 1,76. Similar results were with the
Simpson index: the lowest value 0,59 was detected in 2011, in 2016 it was 0,76 and in 2023
0,78. Ecological index ranged from 3,56-3,61 describing this biocoenosis as potamon.
Saprobity index ranged from 1,95 to 1,98 classifying this water body within 11 class of water
and B-mesosaprobic water quality.

In 2011 and 2023, biomass exceeded abundance, indicating a stable biocoenosis with low
fishing pressure. In 2016, the curves overlapped, indicating higher fishing pressure.

120
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80

60

non-native

40 e ative

20

2011 2016 2023

Figure 2 Percentage distribution of biomass and abundance of native and non-native species for the
years 2011, 2016, and 2023. The X axis represents abundance (N) and biomass (W) over the years and
Y axis represents percentages

The temperature was highest in 2023 measuring 27.8°C while the pH was lowest 8.08 and
conductivity 224 puS/cm. In 2016 temperature was 25.3°C, conductivity 300 pS/cm and pH
8.57. In 2011 the temperature was lowest at 21.4°C, conductivity 287 uS/cm and pH 8.9.

Although diversity indices show an increase in diversity in 2016 and even more in 2023
year and a share of invasive species number and biomass is running low over the years, the
qualitative composition of ichthyocoenosis is important as well. The presence of silver carp
was not detected during these surveys but its presence is confirmed by local fishermen and
management. Absence in tench and chub from samples in 2016 and 2023 indicates their lower
abundance.

The introduction of silver carp and Gibel carp into new ecosystems has been cited as a
significant factor contributing to the decline in populations of tench [12]. This decline is
primarily attributed to intensified competition for food resources [13]. Moreover, empirical
evidence underscores the considerable impact of Gibel carp, especially in their juvenile stage,
on both the survival and growth rates of Crucian carp (Carassius carassius) and tench
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populations [14]. Beyond their effects on Crucian carp and tench, Gibel carp have also been
observed to influence the abundance of common carp [15]. This influence extends to
competition for reproductive resources and food, further exacerbating the ecological pressure
on native species.

Furthermore, the presence of pumpkinseed introduces yet another formidable competitor
into the ecosystem. Feeding on bottom fauna and young fish alike, pumpkinseed competes
vigorously for habitat and spawning sites. This multifaceted competition poses a significant
threat to native species [16]. Recent findings [17] identify Gibel carp as one with the highest
invasive score (39) indicating its high invasive potential.

Another competitor, the spiny cheek crayfish, presents a dual concern for native fauna. Its
competitive edge lies in its robust ability to outcompete native species, coupled with the
potential threat it poses due to its rapid reproduction and the risk of transmitting crayfish
plague [1]. The species' introduction to the reservoir Celije is likely attributed to human
activities, particularly during the stocking of the reservoir with fish from ponds in the River
Danube basin. With few natural predators or competitors to curb its proliferation, spiny cheek
crayfish is believed to have already established itself within the River Danube basin in Serbia
[4]. This establishment comes at the cost of adverse effects on native species and the
restructuring of aquatic ecosystems, impacting both the biological and environmental
dynamics of lowland aquatic ecosystems.

CONCLUSION

While non-native species do not outnumber native species overall in Celije reservoir and
their biomass remains stable over the years, the decrease in species richness (number of
species) since the first year of sampling underscores the growing importance of conservation
and monitoring efforts. It is important to emphasize that non-native species present in
reservoir Celije are the ones of the highest invasive potential, and their stable population in
2011 outnumbers tench and chub that were long ago dominant species in this reservoir. In
2016 and 2023 those strictly protected and protected species were not even sampled in this
lake. This indicates that presence of Gibel carp and pumpkinseed has certainly affects the
ichthyofauna of Lake Celije, and knowing that these species are significant competitors for
food with tench and related species, they impact them in various other ways as well.

Consequently, the cumulative impact of these interactions underscores the complex

ecological dynamics at play and emphasizes the urgent need for comprehensive management
strategies to mitigate the adverse effects on native biodiversity.
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Abstract

The nuclear industry generates significant radioactive waste (RW) amounts, with its safe disposal
being a primary safety and environmental issue. RW management involves solidification and disposal,
often in deep underground facilities. Cement mortar is commonly used for liquid RW solidification due
to its cost-effectiveness and simplicity. However, Portland cement concrete production raises
environmental concerns, such as CO, emissions and natural resource depletion. Additionally, RW
storage and disposal costs drive research into low-cost matrices, especially those made from final
waste products. The main requirements for matrix materials for liquid RW immobilization, which
accept the role of primary barrier, are compatibility with RW material, good mechanical properties,
and resistance to chemical and biological agents. However, partially substituting cement with waste
materials can reduce strength and durability, increase susceptibility to cracking, porosity, and
corrosion, further leading to harmful substance release. The matrix material must demonstrate long-
term stability under various environmental conditions, including changes in temperature, humidity,
and exposure to radiation ensuring that RW remains stable and safe within the matrix for decades or
centuries. In addition, factors such as groundwater infiltration and seismic activity should also be
considered when evaluating the long-term effectiveness of a protective structure. To manage these
hazards, the selection, treatment, and preparation of recycled waste are crucial, alongside with
proper design and utilization of such concrete. Monitoring concrete performance over time and
implementing maintenance measures are necessary to ensure the long-term durability and reliability
of structures. This work aims to assess the overall impact of recycled materials utilized in liquid RW
solidification matrix.

Keywords: nuclear industry, radionuclide, disposal, recycling.

INTRODUCTION

Nuclear energy is recognized as a significant aspect of the new energy landscape and the
factor of energy stability, particularly amidst the current global energy crisis. Moreover, it is
regarded as a substitute for fossil fuels, offering a potential solution to mitigate their adverse
environmental effects. This is crucial for reducing greenhouse gas emissions, which would
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help slow down global warming and climate change. However, the activity of the nuclear
industry generates significant amounts of liquid and solid radioactive waste (RW) and the
primary safety and environmental concerns related to nuclear power are its safe disposal. RW
is created in the processes of the nuclear fuel cycle, the industry of exploitation, processing,
and enrichment of uranium ore, the activities of the reactors of nuclear power plants and
research centers, the use of radionuclides in research institutes, hospitals, and industry [1,2].

RW has to be processed to make it safe for storage, transportation, and final disposal. This
process involves waste conditioning to immobilize it before storage and disposal.
Immobilization of waste radionuclides in durable waste forms provides the most significant
barrier to contribute to the overall performance of any storage and disposal system. RW
immobilization is the conversion of waste into a waste form by solidification, embedding, or
encapsulation that reduces the potential for migration or dispersion of radionuclides during
the operational and disposal stages of the waste lifecycle. RW can be immobilized by
chemical incorporation into the structure of a suitable matrix like cement, glass, or ceramic,
which captures it and prevents it from escaping. The distinction between chemical and
physical immobilization mechanisms is not always clearly defined. Chemical immobilization
occurs at atomic distances, while physical immobilization occurs at larger distances, e.g. at
the microscope level. High-level waste (HLW) is usually chemically immobilized, while
physical immobilization (encapsulation) involves surrounding the waste with material, like
bitumen or cement, to isolate the RW and retain the radionuclides.

Materials used to immobilize RW are essential for multibarrier systems that isolate waste
from the environment, ensuring safe disposal in the long term. The volume of liquid RW is
much larger than solid, and its processing increases the storage capacity and ensures the safe
release of decontaminated liquid into the environment. Compared with the HLW liquid, the
amount of the intermediate-level waste (ILW) and low-level waste (LLW) liquids is much
larger, accounting for more than 90% of the total RW.

Very high costs of immobilization, temporary storage and final disposal of liquid RW
stimulate research into the development of cost-effective, low-cost matrices, especially those
that represent final waste during production or after their useful life. In particular, it is
necessary to pay attention to the European legislation that encourages the development of the
“circular economy”, which implies the efficient use of materials [3]. The aim of this study is
to assess the impact of recycled materials used in liquid RW solidification matrix.

ASPECTS OF CEMENT USAGE IN RW SOLIDIFICATION

Cement is the oldest and most extensively researched base material for solidifying and
stabilizing various types of solid waste. Cement solidification is a well-established technology
that relies on the hydration of cement and its gelatinizing effect to immobilize radioactive
elements. This method is widely used for treating LLW and ILW liquids due to its cost-
effectiveness and the simplicity of the process [2,4].

Cement is a porous material, with a wide range of pore sizes that are filled with liquid
under normal conditions. Incomplete filling of the space between the clinker grains in the
reaction of formation of hydration products creates mesopores, usually in the size range of
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0.05-1 pum [5]. Entrapped air or gas contributes to the creation of macropores larger than
1 pm, filling 1-10 cubic meters. % hydrated cement. During solidification, the volume of the
cement-waste mixture decreases and shrinks. As a result of shrinkage, based on gel drying or
crystallization, gel pores are formed, with diameters in the range of 10 mm-0.0005 mm. Their
volume fraction decreases with the time of hydration and reaches 20-30% of the hardened
cement paste fraction. Gel pores are not significant from the point of view of leaching and
corrosion. Capillary pores are also formed by evaporation of excess free water. Capillary
pores reach a diameter of 1-10 mm. They increase with the water content in the mixture and
with advancing hydration. If there are large particles in the cement paste, e.g. grains of sand
or gravel, and due to the formation of zones of poor packing on the boundary surface of paste
particles, the total mesoporosity increases. The total porosity of the cement paste is in the
range of 16-24% [5]. As the curing time of the cement increases, the porosity decreases
steadily in the first 6-12 months.

In the past few decades, the production of concrete has raised significant environmental
concerns not only related to CO, emissions but also regarding the depletion of natural
resources. It is known that concrete consumes large amounts of natural resources, specifically
gravel and sand. Environmental issues, in particular climate change caused by carbon dioxide
emissions, have aroused huge attention across the world. The biggest contributor to the
carbon footprint of the construction industry is the production of Portland cement [6].
Currently, approximately 4 to 6 GJ of energy are used per ton of cement clinker produced,
with energy costs accounting for up to 40% of the total production cost. One ton of cement
clinker production typically results in the release of around 0.8 tons of CO, into the
atmosphere and contributes to approximately 7% of total CO, emissions, exacerbating the
greenhouse effect and consuming around 5% of global industrial energy [6,7]. This
inefficiency is a major environmental concern due to its contribution to global warming and
climate change. Also, the energy-intensive manufacture of cement emits not only carbon
dioxide but also other hazardous gases such as NOy and SO,.

PARTIAL SUBSTITUTION OF CEMENT WITH WASTE MATERIALS

Each treatment of RW creates a specific concentrate. Depending on the treatment process,
the concentrate will be solid (spent ion-exchange resins, filter cartridges, filter cakes, sludge,
etc.) or liquid (evaporator concentrates, membrane process concentrates). To immobilize RW
of low and medium activity levels, solidification of the concentrate is carried out by binding it
into inactive matrices: cement, bitumen, polymer materials, and rarer glass. The processes
available for treating liquid RW effluents can be divided into three main categories: ion
exchange, chemical precipitation, and evaporation (evaporation) [8,9].

The primary requirements for matrix materials for liqguid RW immobilization, which serve

as the primary barrier, include the following [10]:

e Compatibility with RW: Matrix materials must be compatible with the RW itself. Ensures
that the matrix material chemically and physically bonds well with the liquid RW,
preventing separation or degradation over time. This means that they must not react with
the radioactive material in a way that could compromise the stability or integrity of the
container or structure that holds the waste.
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e Mechanical properties: These materials should have good mechanical properties in order to
withstand physical stresses and loads during the handling, transport, and long-term storage
of RW. These include factors such as strength, flexibility, elasticity, resistance to cracking
or breaking, and toughness.

e Durability: Ensures long-term stability under various environmental conditions such as
temperature fluctuations, humidity, and radiation exposure.

¢ Resistance to chemical and biological agents: The material must resist degradation caused
by chemical reactions with the waste or exposure to environmental conditions, including
resistance to acids, alkalis, and microbial activity. Resistance to corrosion and degradation
is critical to ensure the long-term stability and safety of RW containment systems.

e Permeability: The matrix should be impermeable to water and gases to prevent the
leaching or release of radionuclides into the environment.

e Processing Feasibility: The material should be easy to process, handle, and apply using
existing technologies and equipment.

o Cost-effectiveness: The use of the matrix material should be economically viable,
considering the costs of production, application, and long-term maintenance.

The matrix material must demonstrate long-term stability under various environmental
conditions, including changes in day temperatures, air humidity, and radiation exposure. This
ensures that RW remains stable and safe within the matrix for decades or even centuries.
Moreover, factors such as groundwater infiltration and seismic activity must be considered
when evaluating the long-term effectiveness of a protective structure.

PARTIAL REPLACEMENT OF CEMENT WITH WASTE: IMPLICATIONS AND
BENEFITS

Partial replacement of cement with waste materials can reduce the strength and durability
of concrete structures [11]. Utilizing scrap raw materials may lead to uneven material
distribution, making it challenging to achieve consistent performance. This inconsistency can
increase susceptibility to cracking, porosity, and corrosion. In homogeneous concrete, uneven
distribution of waste particles can cause localized weakening or heightened corrosion
susceptibility. Variations in the quality and characteristics of recycled materials can result in
performance inconsistencies, complicating efforts to achieve predictable and reliable concrete
structures.

Waste materials can affect the porosity of the concrete matrix, leading to increased
absorption of water and chemical agents. Increased porosity reduces concrete’s resistance to
frost and aggressive chemicals, accelerating deterioration. This can allow the penetration of
water, chemicals, and other harmful substances, further weakening the structure and
potentially leading to the release of radionuclides.

Despite these challenges, it can be concluded that using recycled materials in the
solidification of liquid RW offers significant environmental and economic benefits as follows:
Environmental Benefits
e Reduced Resource Depletion — Preservation of two types of natural raw materials:
Using recycled materials decreases the demand for virgin raw materials.
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e Energy Savings: Reducing energy consumption associated with processing raw
materials can lower greenhouse gas emissions.

e Waste Reduction — Treatment of two types of waste: Recycling helps to minimize waste
going to landfills, reducing environmental pollution.

e Lower Pollution Risks: Properly managed recycling can reduce the risk of soil, air, and
water pollution from waste materials.

e Climate change and Global Warming Reduction.

Economic Benefits

e Cost Savings: Using recycled materials can lower production costs by reducing the need
for expensive raw materials.

e Revenue Generation: The recycling industry can generate revenue through the sale of
recycled products.

e Job Creation: Establishing new markets for recycled materials can create jobs and
stimulate economic growth at local and national levels.

e Regulatory Compliance: Companies can meet environmental regulations and standards

more easily by incorporating sustainable practices.

Overall, the use of recycled materials in the solidification of liquid RW offers a balanced
approach, providing environmental benefits by reducing resource consumption and waste
generation, and economic benefits by lowering costs and creating new economic
opportunities.

CONCLUSION

Nuclear energy can substitute fossil fuels almost completely and significantly reduce
greenhouse gas emissions, which is key to mitigating global warming and climate change.
However, the nuclear industry generates large quantities of RW, and the safe disposal of this
waste is a primary environmental and safety concern. Processing of RW is necessary for safe
storage, transport, and final disposal. Immobilization of RW by converting waste into solid
form via cement, glass, or ceramics provides a key barrier to waste storage and disposal.
Immobilization materials must be compatible with RW, have good mechanical properties, and
be resistant to chemical and biological agents.

The use of recycled materials in the solidification of liquid RW brings environmental and
economic advantages. Environmental benefits include reduced resource depletion, energy
savings, waste reduction, and lower risk of soil, air, and water pollution. Economic benefits
comprise cost reduction, revenue generation, and the creation of new jobs and markets for
recycled materials.

Despite challenges such as the reduction of strength and durability of concrete structures
when partially replacing cement with waste materials, the benefits of recycled materials in the
solidification of liquid RW are significant. They enable a more sustainable approach to RW
management, reduce the environmental footprint, and contribute to sustainable economic
development. This approach represents a balanced path to reducing resource consumption and
waste generation, while at the same time bringing economic benefits through cost reduction
and the creation of new economic opportunities.
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Abstract

The aims of this paper are: 1) to assess the ecological status of Cerovo River after the Cerovo open pit
based on limit values, and 2) to investigate daily variations in pH, conductivity, and concentrations of
SO,”", Fe, Cu, and Cd depending on the amount of rainfall. The water of Cerovo River had poor
ecological status during the entire monitoring period from October 9 to November 5, 2023, due to
very high average concentrations of SO,”~ (1456 mg/L), Cu (25328 pg/L), and Cd (43 pg/L). The
increase in the amount of rainfall during the sampling period caused the change of pH value from
acidic to neutral, and the decrease in conductivity and concentrations of SO,”~, Fe, Cu, and Cd.

Keywords: Cerovo River, acid mine drainage, monitoring.

INTRODUCTION

Cerovo mine is a relatively small copper mine near the Bor City in Eastern Serbia. In
October 2023, Cerovo mine consisted of two open pits, one of which was no longer in
operation, and the other was recently opened. These two open pits and overburden deposits
were located on the right side of the Cerovo River, which is also called Valja Lutarica River
in its upper reach (Figure 1a). Acid mine drainage (AMD) from the Cerovo mine and
overburden was flowing into the Cerovo River, causing its pollution (Figure 1b).

The water quality of Cerovo River was not studied as much as the water quality of the
other rivers around copper mines near the Bor City, such as Bor River, Krivelj River, and
Bela River [1-5]. The possible reasons for the underrepresentation of Cerovo River in the
literature are its relatively small discharge (the watershed area and length of Cerovo River are
16 km? and 6 km, respectively) and remote location (Cerovo River is located in the
mountains, far away from the main roads and inhabited areas). Nevertheless, the monitoring
of Cerovo River is significant because it contributes to the contamination of the Krivelj River.

In this paper, the results of 28-day monitoring of pH, electrical conductivity, sulfate
(SO4%), iron (Fe), copper (Cu), and cadmium (Cd) concentrations in Cerovo River after the
Cerovo open pit are presented [6]. The monitoring period from October 9 to November 5,
2023, was chosen because it represents the transition from the dry summer season to the rainy
autumn season. According to this, the aims of this paper are 1) to assess the ecological status
of Cerovo River based on limit values from the Regulation [7], and 1) to investigate daily
variations in water quality parameter values depending on the amount of rainfall.
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MATERIALS AND METHODS

The location of sampling point on Cerovo River is downstream from the Cerovo mine,
before the junction with the left unpolluted tributary with relatively higher discharge. The
coordinates of the sampling point are 44.164599 N, 22.036550 E. Samples were collected in
plastic bottles by using the telescope sampler. Measurements of pH and electrical
conductivity were carried out in the field by using Thermo Scientific PC450 Meter.

The concentration of sulfate was determined by developing turbidity with barium chloride
and measurement of turbidity using a turbidimeter model WTW Turb 550 IR.

For the determination of Fe, Cu, and Cd, the samples were filtered through the white spot
filter paper in order to remove particulate matter, diluted 2 times, and acidified with
concentrated HNO; (Zorka Sabac, Serbia). The determination of Fe, Cu, and Cd was
performed using an inductively coupled plasma mass spectrometer (ICP-MS), model NexION
1000 (PerkinElmer, USA). Syngistix software was used to collect and analyze the data.
Multi-element standard solution containing Cd, Cu, and Fe (AccuStandard, USA) was used
for calibration. Individual standard solutions of Re (Acros Organics, Belgium) and Rh
(AccuStandard, USA) were used as internal standards. Quality control of the ICP-MS
measurements was carried out by analyzing the Standard Reference Material WP Trace
Metals VHG-QWPTM-15 (VHGLABS, USA), and the obtained recoveries for Fe, Cu, and
Cd were 92.9%, 102.5%, and 106.0%, respectively. Limits of quantitation for Fe, Cu, and Cd,
obtained by analyzing sample blanks, were 3.7 ug/L, 3.3 ug/L, and 0.14 pg/L, respectively.

The amount of rainfall during the sampling period was obtained from the Republic
Hydrometeorological Service of Serbia. The meteorological station “Crni Vrh”, from which
the data was collected, is located at the top of the Crni Vrh mountain (1043 m above the sea
level), which is about 7 km far from the sampling point on Cerovo River (Figure 1a). The
proximity of this meteorological station to the sampling point allowed the correlation of the
amount of rainfall with the change in concentrations of contaminants.
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RESULTS AND DISCUSSION

The assessment of the ecological status of Cerovo River was carried out by comparing
measured values of water quality parameters with the limit values from the Regulation on
limit values of pollutants in surface water and groundwater and sediment and deadlines for
their achievement (“Official Gazette of RS, No. 50/2012) [7]. Five classes of surface water
from the Regulation correspond to ecological status described as excellent for class I, good
for class 11, moderate for class 111, weak for class IV, and poor for class V. Also, the measured
values are compared with the limit values CP1 and CP2 obtained by the statistical analysis of
198 water samples in Eastern Serbia, using cumulative probability (CP) diagrams [5]. CP1
represents the limit value between background concentrations and moderately elevated
concentrations, and CP2 represents the limit value between moderately and highly elevated
concentrations. Limit values from the Regulation and CP diagrams are presented in Table 1.

Table 1 Limit values from the Regulation [1] and cumulative probability (CP) diagram [2]

Parameter Unit I [1] 1 [1] [y 1V V [1] CP1[2] CP2][2]
pH - 6.5-85 6585 6.5-85 6585 <650r>85 - -
EC puS/cm - <1000 1000 1500 3000 >3000 - -

SO, mg/L 50 100 200 300 >300 200 -
Fe pg/L 200 500 1000 2000 >2000 500 -
Cu ug/L 112 112 500 1000 >1000 15 1000
Cd ug/L 0.45 0.6 0.9 15 >1.5 0.1 3

Diagrams showing the change in pH value, conductivity, and concentrations of SO4*, Fe,
Cu, and Cd during the sampling period are presented in Figure 2. Bars on the diagrams are
colored in blue for class I, green for class Il, yellow for class 111, orange for class IV, and red
for class V. Horizontal lines represent the limit values between the classes of surface water.
Table 2 shows statistical values such as minimum (min.), maximum (max.), average (aver.),
and median (med.) of measured parameters in Cerovo River, as well as the number of days in
which the water of Cerovo River belonged to a certain class of surface water.

The water of the Cerovo River after the Cerovo open pit belonged to class V during the
entire monitoring period of 28 days (from October 9, 2023, to November 5, 2023) because the
measured concentrations of SO,*", Cu and Cd exceeded the limit concentrations from the
Regulation, which corresponded to a poor ecological status. The average concentrations for
sulfates, copper, and cadmium were 1456 mg/L SO,*, 25328 ug/L Cu, and 43 pg/L Cd,
which exceeded the limit concentrations for class V about 5, 25 and 29 times, respectively.
Also, the measured pH value in 24 out of 28 days and iron (Fe) concentration in 18 out of 28
days belonged to the class V of surface waters, which corresponded to poor ecological status.

Measured concentrations of Cu and Cd exceeded the statistical limit concentration CP2
during the entire sampling period. Average concentrations of Cu and Cd exceeded the
statistical limit concentration CP2 about 25 and 14 times, respectively. This means that the
concentrations of Cu and Cd in Cerovo River were very high compared to the background
concentrations of these elements in Eastern Serbia.
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Figure 2 Change of a) pH; b) EC; ¢) SO,*; d) Fe; e) Cu; and f) Cd during the sampling period
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Table 2 Statistical summary of water quality parameters in Cerovo River

. statistical values number of days belonging to a class
Parameter Unit .

min. max. aver. med. | 1 Il v \/

pH - 4.47 717 5.37 5.10 4 - - - 24

EC pS/cm 844 2320 1324 1234 4 - 8 16 0
S0, mg/L 898 2115 1456 1407 0 0 0 0 28
Fe pg/L 65 4730 2116 2352 3 1 3 3 18

Cu Mg/l 2037 57900 25328 24274 0 0 0 0 28

Cd Mg/l 14 83 43 41 0 0 0 0 28

The diagram of the daily and cumulative amount of rainfall during the sampling period is
presented in Figure 3. In general, the amount of rainfall was higher in the second half of the
sampling period compared to the first half. The increase in the amount of rainfall during the
sampling period follows the increase of the pH value and the decrease in conductivity and
concentrations of SO4>", Fe, Cu, and Cd. The highest amount of rainfall in the sampling
period was measured on 28/10/2023 when the largest increase in pH value and drop in Fe
concentration was also measured. This correlation is explained by the dilution of Cerovo
River water by the rainwater and the subsequent change in its chemical composition.
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Figure 3 Change of daily and cumulative amount of rainfall during the sampling period

The pH value in Cerovo River changed gradually during the sampling period from acidic
(pH 4.47) to neutral (pH 7.17). When the pH value changed from 4.82 to 5.97 on 29/10/2023,
a drastic decrease in Fe concentration was observed, while Cu and Cd did not decrease so
drastically. This drastic decrease was attributed to the change in the chemical form of Fe from
dissolved to particulate and the precipitation of particulate Fe on the river bed. Such behavior
of Fe was also confirmed by Canovas et al. [8] who suggested that Fe in river water
containing AMD is mainly present in particulate form above pH 6, while from pH 3 to pH 6
the chemical form of Fe varies from dissolved to particulate depending on different factors.

The Cu concentration decreased from 57900 ug/L to 2037 pg/L, and the particulate matter
in Cerovo River had a characteristic light-blue color (Figure 1b), which suggests that Cu
concentration may have partly decreased due to precipitation. The decrease in SO,* and Cd
concentrations was less drastic since these species do not precipitate at neutral pH value [1].

210



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

CONCLUSION

The water of the Cerovo River after the Cerovo open pit belonged to class V during the
entire monitoring period, which corresponded to a poor ecological status. According to the
Regulation [7], surface waters having a poor ecological status cannot be used for any purpose.
The concentrations of Cu and Cd were very high compared to the background concentrations
of these elements in Eastern Serbia. The increase in the amount of rainfall during the
sampling period caused the change of pH value from acidic to neutral, and the decrease in
conductivity and concentrations of SO,*", Fe, Cu, and Cd. The concentrations of SO,* and Cd
decreased mainly due to dilution with rainwater, while the precipitation played a significant
role along with the dilution in the decrease in concentrations of Fe and Cu.
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Abstract

The aim of this study was to present the diversity of the fish communities of the upper and lower
reaches of the Ibar River in the last 20 years. We calculated several species diversity indices, namely
the Shannon Index (H), Reciprocal Simpson’s Index (1/D), Fisher’s Alpha Diversity Index (A),
Margalef’s Index, and Pielou’s Evenness Index (J). We recorded 16 fish species from 7 families
between the 2003 and 2023 investigation period. The highest value of Shannon's diversity index was
recorded in the upper course of the river (0.691), while the lowest was in the lower course (0.314) in
2017 and 2019. The relatively low values of diversity indices are most likely the consequence of the
dominance of a few species, but they also may be the result of strong anthropogenic influence.
Evenness Index ranged from 0.226 to 0.424, indicating a low level of homogeneity of fish
assemblages. This study has contributed to the knowledge of fish diversity in the Ibar River and could
assist in carrying out future ecological studies in line with conservation, restoration, and management
strategies.

Keywords: fish diversity indices, fish assemblages, Ibar River, Serbia.

INTRODUCTION

Freshwater ecosystems are known for their high diversity, but they are also considered the
most threatened ecosystems in the world. Changes in the structure and quality of aquatic
habitats are the result of a large number of different anthropogenic activities such as
overexploitation, pollution, flow modification, degradation of habitat, and invasive species
[1]. Freshwater fish play a significant role in the diversity and functioning of these
ecosystems, particularly in lotic systems where they can provide valuable information about
biological structure and ecological sustainability.

The Ibar River has a specific hydromorphology that was changed by the construction of the
Gazivode reservoir. Plans for the construction of nine mini-hydroelectric power raise
concerns about this specific river's ecosystem. Also, the Ibar River ranks among the most
polluted rivers in Serbia due to increased pollution in recent decades (industrial and municipal
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wastewater) [2] That's why in the present study we analyzed the 20-year temporal changes in
the taxonomic diversity of the fish using fish diversity indices.

MATERIALS AND METHODS

The Ibar River, the largest tributary of the West Morava, is a typical mountain river with a
highly branched hydrographic basin (total length of 276 km). It springs on the north side of
the Hajla mountain (1360 m above sea level) in Montenegro, flows into the West Morava near
the town of Kraljevo [3], and belongs to the Black Sea basin. Due to high mountain flow, the
great erosion in the basin, and river fall, the Ibar River exhibits a torrential character and
causes frequent floods in periods of high waters. The Gazivode reservoir (total length of 22
km, volume of 380 million m*) was formed by damming the Ibar River at its upper course [4].
After 45 years the Pavlica mini-hydroelectric power plant was built (2021) near the town of
Raska. There are plans for the construction of nine more similar plants.

The ichthyological research was conducted in the period 2003-2023, to develop fisheries
management plans for protection and sustainable use of fish stocks. Fishes were sampled
using the electrofishing equipment (Aquatech IG 1300) and samples were identified to species
according to Kottelat and Freyhof [5] and Simonovi¢ [6]. We sampled at 12 localities shown
in Table 1.

Species diversity was assessed using different indices: Shannon Diversity Index (H), Alpha
Diversity Index (A), Margalef Diversity Index (M), and Evenness Index (J). The Shannon
Diversity Index is the most commonly used diversity index in ecology and combines species
richness (S) and evenness (E) [7]. The Simpson’s Index (D) was used to measure the
probability that two randomly chosen specimens from a sample will belong to different fish
species. Due to the potential errors during the reverse interpretation of the obtained results,
Simpson’s Index was expressed as Reciprocal Simpson’s Index (1/D) because its value
increased with greater diversity [8]. Additionally, the link between the number of species and
their abundances is determined with Fisher’s Alpha Diversity Index (A) [9]. Margalef's index
was used as a simple measure of species richness [10] and Pielou’s evenness (J) was used to
compare the actual diversity value (H index) to the maximum possible diversity value (InS).
It’s constrained between 0 and 1 and the more variation in abundances between different fish
species within the community, the J is lower [9]. All fish diversity indices were calculated
using BioDiversityPro v. 2 software [11].

RESULTS AND DISCUSSION

The obtained results of fish diversity and Evenness indices in investigated area were
summarized and presented in Table 1.

During the study period, a total number of 16 fish species belonging to 7 families were
recorded. The most represented families are Leuciscidae and Cyprinidae. Our results show a
change in the composition of the fish community in accordance with longitudinal fish
zonation concept. The upper course of the Ibar River represents the grayling zone with the
only autochthonous populations of Thymallus thymallus (Linnaeus, 1758), for the Morava
basin. Therefore, they are especially important in terms of conservation issues [12]. The lower
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course belongs to the barbel zone, which is confirmed by the dominance of typical species for
this zone, Barbus barbus (Linnaeus, 1758) and Chondrostoma nasus (Linnaeus, 1758).
Interesting for this region is the appearance of Zingel streber (Siebold, 1863), which is rare in
Serbia.

Table 1 Diversity index of fish assemblages in the upper and lower reaches of the Ibar River
Reciprocal Alpha Margalef’

Localities year SPERIES S Simpson’s Index s Index 2B
richness Index H Index 1/D A M Index J
CrnaReka 2003 UPPer 7 0.632 3607 2161  8.699 0.325
course
Above lower
mauthin 2003 ' 7 0.664 4033 2764  9.966 0.341
W.Morava
Mehov krs 2011 UPPET 7 0.609 3368  1.558 7.01 0.313
course
Zicko 2011 lower 6 0.59 3174 1781  8.829 0.329
polje course
Topoljak 2016 'OWeT g 0.444 2051 1386  7.437 0.248
course
Miljina 2017 UPPer 8 0.691 3742 2342 8157 0.332
glava course
] lower
Topoljak 2019 \= 4 0.314 1635 0946  8.305 0.226
Spiljani 2020 PP 5 0.406 1986 1541  9.495 0.252
course
Mataruska ,,,, lower 5 0.568 3242 1663  9.966 0.353
banja course
Spiljani 2023 PP 7 0.668 3774 3066  10.48 0.343
course
Miljina 2023 UPPer 4 0.333 1.83 0925  8.157 0.24
glava course
] lower
Topoljak 2023 = 4 0.601 4168 0942 8274 0.434

Fish as indicators of aquatic habitat health are widely used through biotic ichthyological
indices [12]. Based on values of Shannon’s Diversity Index (H) the highest diversity of fish
species was observed in the upper course of the river (Miljina glava - 0.691 and Spiljani -
0.669) and the lowest in the lower course (Topoljak - 0.314) (Table 1).

The highest value of Margalef’s Index was recorded in Spiljani in 2020, while the lowest
value was recorded in Mehov krs in 2011 (Table 1). Relatively low values of diversity indices
are most likely the consequence of the dominance of a few species, but they also may be the
result of strong anthropogenic influence.

214



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Evenness Index ranged from 0.226 to 0.424, and both values were recorded at the same
locality, Topoljak, in 2019 and 2023. Evenness indices show how homogenous is the fish
community, even an ecosystem, considering different fish species' abundances [9]. Our results
indicated a relatively low level of homogeneity in terms of a well-balanced fish assemblage
structure.

CONCLUSION

Freshwater fish conservation efforts should be focused on knowledge of regional patterns
of species richness. Our results provide important information about fish diversity and
evenness in the investigated area under high anthropogenic threats, which is valuable for
future conservation measures and management.
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Abstract

During construction of buildings in urban areas, sometimes there is a need to blast solid rock mass in
the immediate vicinity of the surrounding buildings. In that case, the aim is not only to increase the
efficiency of blasting, but also to reduce harmful effects of ground vibration induced by blasting. At
the same time, it is very important to protect the buildings located in the safe zone from the blast site
as well as remaining rock mass around the blast site. This can be achieved by the formation of
artificial screens. Artificial screens represent discontinuities in the rock mass placed between the
blasting site (source of seismic waves) and building to be protected. The formation of artificial screens
using expansive mortars is presented in the paper. Expansive mortars are environmentally friendly
products. They do not cause shock waves, ground vibrations, air blast, flyrock and do not release toxic
fumes as side effects of blasting process which may occur. They do not cause excessive breakage to the
surrounding rock mass.

Keywords: expansive mortar, artificial screens, pressure, rock breaking, building foundation.

INTRODUCTION

During construction of buildings in urban areas, the removal of rock mass for the purpose
of making foundations is usually done by mechanization. However, in some cases there is a
need to build the building in solid rock mass. In that case, to excavate foundations, it is
necessary to break the large quantity of solid rock mass that cannot be broken by machinery.
Then the special blasting techniques can be applied, using small-diameter holes with small
amounts of explosive charges. Of particular importance is the choice of optimal delay time of
initiation system and initiation pattern. Sometimes, despite the significant reduction of the
quantity of explosives in blastholes and the selection of an adequate initiation pattern, it is
necessary to additionally reduce the intensity of seismic waves caused by blasting, to protect
the surrounding buildings [1]. One of the methods is the formation of artificial screens that
represent a discontinuity in the rock mass located between the blast site and the building to be
protected [1].

Artificial screens in our Country are mostly carried out in the form of a crack using the
method of contour blasting during production blasting or road construction and other
construction works. Contour blasting methods mean the use of small-diameter explosive
charges or a detonating cord. Delay time of initiation system are very small and sometimes
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explosive charges of contour blast holes are initiated simultaneously. The paper presents the
first attempt of applying the expansive mortar to form a crack as the discontinuity in rock
mass that has the function to protect buildings from seismic waves from blasting.

The tendency in the world today is to find new solutions that can be applied to break solid
rock masses, and which will be an adequate replacement for commercial explosives in
sensitive areas. The reason for this is the problems related to blasting in urban areas, in road
and railroad construction, demolition works, secondary breaking, rock breakage for
foundation, trenching, stabilization of slopes and similar civil construction operations
especially in urban areas as well as quarrying of dimension stone. In all cases mentioned,
there is a problem of removing solid rock mass or concrete structures in an efficient way,
while protecting the environment.

One of these solutions are expansive mortars, which are increasingly used in mining and
construction, especially in cases where there are buildings declared as cultural heritage,
industrial and other objects that are very sensitive to ground vibration, when the use of
explosives is prohibited.

EXPANSIVE MORTARS

Expansive mortars have developed from a need to full fill the requirement in civil
engineering works especially demolition works in urban areas where the explosives are not
permitted [2]. Nowadays, expansive mortars have found a wide range of application in
excavating foundations, levelling rocks for road works, trenching, underground excavations,
marine and submarine excavations, removing boulders, demolition of concrete or reinforced
concrete etc. They have quickly found the application in mining particularly in dimension
stone mining for splitting the primary blocks from the rock massive or squaring the primary
blocks into commercial ones.

Expansive mortars can be in the form of a cartridge - capsule type and in bulk - bulk type.
The cartridges of expansive mortars must be immersed in water before loading the holes
while the bulk type should be mixed with water before pouring into the holes (Figure 1).
Expansive mortars in bulk are powdery materials which are mixed with water at a certain
percentage, depending on the type of expansive mortars. The mixture is poured into
previously drilled holes.

% Lo pu P s T % s
Figure 1 Procedure of using the expansive mortar in bulk; a) mixing with water, b) pouring into the
holes [2]
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Depending on the reaction time, expansive mortars start to expand. Under confinement,
this expansion can generate significant expansive pressure. When the resultant force exceeds
the tensile strength of material, cracking occurs through the predetermined direction or
pattern. During splitting process, the holes are drilled in the line - the predetermined direction
of splitting. In processes of breaking the rock or concrete (demolition works, excavating
foundations etc.) the holes are drilled in predefined pattern. The pressure of expansive mortars
provides silent cracking and breaking the rock or concrete along this pattern. There are
expansive mortars with slow and fast reaction. The reaction time of expansive mortars
depending on temperature is given in Table 1.

Table 1 Reaction time of expansive mortars depending on temperature [2]
Reaction time (h)

Temperature (°C)

Slow reaction Fast reaction
50 8 3
40 12 4
30 15 5
20 20 10
10 30 15

Expansive mortars have the following advantages in relation to other technologies of rock
breakage:

- rock breakage do not cause shock waves and explosion,

- rock breaking is carried out without noise and air blast,

- no smoke, dust or toxic fumes,

- no ground vibration and flyrock,

- the process of rock breakage do not cause excessive damage to the surrounding rock

mass,

- ecological and environmentally friendly product,

- storage and transport are not hazardous to the environment,

- the use and preparation of expansive mortars is very simple and safe for operators.

Expansive mortars are highly alkaline products so the operator must wear safety goggles
and rubber gloves,

- expansive mortars do not require special authorizations or licenses like explosives,

- there is no need for a highly skilled operator,

- there is no limit to the time period when expansive mortars can be used during the day.

The disadvantages of expansive mortars are:

- expansive mortars cannot be applied at very low temperatures,

- the earlier types of expansive mortars were related to a much higher price than
commercial explosives, however, currently there are expansive mortars with more
affordable prices,

- the application of expansive mortars in fractured rocks is limited.
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Nowadays, there are various expansive mortars in market. In order to present the detail
characteristics and fields of application in further part of the paper three expansive mortars are
presented.

Expansive mortar Dexpan

The expansive mortar Dexpan [3] is used for demolition and concrete breaking, excavating
and rock breaking as well as stone quarrying. Dexpan is a powder which is mixed with water
and poured into previously drilled holes (Figure 2a). The expansion within holes develops a
pressure of 1241 bar providing silent cracking that breaks reinforced concrete and rock safely
and quietly without noise, vibration, and dust. Dexpan provides controlled demolition
according to drilling pattern breaking reinforced concrete or rocks [3].

b)

Figure 2 a) Phases of using Dexpan: 1 — drilling, 2 — mixing Dexpan with water, 3 — pouring the
mixture into holes; b) Packages of Dexpan [3]

Packing of Dexpan may be plastic container or box with bags, (Figure 2b). There are three
types of Dexpan depending on temperature [3]:

- Dexpan | for temperatures from 25 to 40°C,

- Dexpan Il for temperatures from 10 to 25°C,

- Dexpan Il for temperatures from -5 to 10°C .

Dexpan [3] can be used for:

- demolition and concrete breaking (demolition of mass reinforced concrete, foundations
for machinery, partial demolition of various concrete structures, reinforced concrete cutting),

- excavating and rock breaking (excavation of rock, splitting the boulders, rock and slab
breaking for road expansion, excavation associated with tunnelling, construction works),

- stone quarrying and dimension (limestone, onyx, marble, granite quarrying).

Expansive mortar FRACT.AG

FRACT.AG [4] is a highly expansive mortar which expands when poured into a hole and
develops a pressure higher than 8000 t/m® on the walls of holes. FRACT.AG is
environmentally friendly. It releases no toxic fumes or harmful substances of any kind [4].

FRACT.AG can be used in any type of rock formation, concrete, reinforced concrete or
tiled structure in [4]:
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- excavating foundations,

- levelling rocks for road works,

- excavating trenches for pipe laying,

- underground excavations,

- marine and submarine excavations,

- removing boulders,

- demolition of concrete or reinforced concrete ploes, towers, walls, wharves, etc.
- demolition of foundations.

FRACT.AG is a powder (Figure 3) that is mixed with clean water before use, in a ratio of
30% of the overall weight (1.5 liters of water for each 5 kg package) [4]. Water is poured first
in a large container then gradually the powder is added to water stirring all the time to obtain
a smooth, lumpfree mortar. After preparation time of 5 to 10 minutes the mortar is poured into
holes.

FRACT. AG

@
( Vi \\
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Figure 3 Expansive mortar FRACT.AG [4] Figure 4 Expansive mortar SPLITSTAR [5]

Four types of FRACT.AG are available in market [4]:

- RED - for temperatures near 5°C,

- GREEN - for temperatures from 5 to 20°C,

- YELLOW - for temperatures from 20 to 35°C,

- BLUE — (multipurpose) to use in demolition work with hole of diameter 40 mm (the
temperature affects the reaction time).

Expansive mortar SPLITSTAR

Expansive mortar SPLITSTAR [5] is a non-toxic and cementations powder, which
consisting of calcined oxides of calcium, silicon, and aluminium (Figure 4). Expansive mortar
SPLITSTAR becomes a highly powered amazing expansive pressure of 11200 t/m? when
mixed with water. Marble, granite, limestone, plain concrete, reinforced concrete, boulders,
and ledge are fractured overnight without noise, vibration, or fly rock. Especially, used as
environment constraints or when explosive is not permitted for use [5].

Expansive mortar SPLITSTAR [5] develops rise of highly expansive capabilities at the
consistent volume exceeding 122 MPa (11200 t/m?) more than enough to break up any
materials to be cut or demolished. The tensile strength for most rock is less than 5-25 MPa
(500-2500 t/m?, 50-250 kg/cm?), reinforced concrete breaks at 3-5 MPa (30-50 kg/cm?,
300- 500 t/m?).
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Expansive mortar SPLITSTAR [5] is used for:

- quarrying marble and granite, limestone, sandstone; cracking nature ground,

- breaking rock into pieces; deposition of falling rocks,

- demolishing concrete structure, chipping defective concrete piles, etc.

- in the field as a new method of demolition, expansive mortar SPLITSTAR can
effectively be use in the construction and civil engineering fields as follows: bridges dams,
ledge boulders, machinery bases concrete piers, slabs 6" thick and more marble and granite.

Types of expansive mortar SPLITSTAR [5] are:
- SCA-1 (25-40°C),
- SCA-2 (10-25°C),
- SCA-3 (-5-10°C).

ARTIFICIAL SCREENS

One of methods to reduce seismic effects during blasting involves the formation of
artificial screens in the path of propagation of seismic wave (Figure 5). These screens can be
made using machinery or blasting methods. Artificial screens can be continuous or
discontinuous [6]. The last type involves the blasting of a row of boreholes with a certain
intermediate space between the holes.

Artificial screens establish two zones [6]:
- the protected zone from ground vibration induced by blasting,
- the zone where the effect of blasting increases.

The artificial screens are divided into [6]:
- artificial screens in the form of cracks,
- artificial screens in the form of a layer of loose rock material.

Experiments carried out in the former USSR [6] led to the conclusion that the placement of
artificial screens in most cases achieved its goal, i.e. there is a decrease in the intensity of
ground vibration in the “protected zone” and the effect of blasting in the “blasting zone”
increases. The experiments were conducted to establish the mathematical dependencies of
changing the parameters of the screen (width, depth, length, filling...) that affect the ground
vibration in the protected zone.

There are two methods of forming the artificial screen: 1) closer to the source of
disturbance (blast site) and 2) directly in front of the object to be protected [6]. In the first
method, the screen is temporary. During multiple blasting, and sometimes in individual
blasting, it is recommended to create a screen directly in front of the object to be protected. In
this case, the screen is made permanent and can be made using absorbent material. Regarding
the shape, the artificial screen can be vertical or inclined with extensions in the upper or lower
part [1].

The effectiveness of artificial screens in the form of rows of boreholes depends on the
diameter of the holes, the distance of the boreholes in the row, the distance between the screen
and the source of the seismic wave or the object to be protected [6].
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hp

Figure 5 The placement of the artificial screen: 1 — blast site; 2 — artificial screen; 3 — object to be
protected; hp — screen depth, bp — distance between screen holes, dv — hole diameter / screen width,
Ip — screen length [6]

The formation of artificial screen using expansive mortar

During the blasting of rock to excavate foundation for the future housing and business
complex in an urban area, an attempt was made to form the artificial screen using expansive
mortar. Holes with a diameter of 38 mm were drilled with spacing of 25 cm [7]. Drilling was
carried out using a self-propelled drill rig FIexiROC T15 R [8] produced by Epiroc for
percussive rotary drilling. FlexiROC T15 R (Figure 6) is a compact, self-propelled, four-
wheel drive drill rig. It enables drilling the holes with maximum length up to 9 m. Technical
data of the drill rig FIexiROC T15 R are shown in Table 2.

Due to the uneven terrain, the lengths of boreholes varied (from 2.8 to 5.8 m). Boreholes
were drilled in one row [7]. The row of drilled boreholes marked with blue spray is shown in
Figure 7.
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Table 2 Technical data of Epiroc tophammer surface drill rig FlexiROC T15 R [8]

Technical data FlexiROC T15 R
Hole diameter 27 mm—51 mm
Feed force, max 4 kN
Rock drill/ DTH hammer size COP 1022 ; COP 1028
Compressor Atlas Copco C55 C106 GD,
SCrew compressor
Compressor working pressure, max 8.5 bhar
Air capacity (FAD) of compressor 231/
! S
at normal working pressure
Engine 48 KW
Transport dimensions 2250 mm/4950 mm/1770 mm

(height/ length/ width)

The SPLITSTAR expansive mortar was used to fill the boreholes. The mortar was mixed
with water according to the manufacturer's recommendation and poured into the boreholes.
After that, the mortar was left overnight to expand in boreholes. The mortar expands and
presses the walls of the boreholes in all directions. When the resulting force overcomes the
tensile strength of the rock, the rock cracks in a predisposed direction (line of drilled
boreholes). Figure 8 shows a crack formed by the action of expansive mortar. The artificial
screen formed in this way reduces the intensity of ground vibration induced by blasting in the
protected zone, but also improves the effect of blasting in the blasting zone.

Figure 7 The row of drilled boreholes marked Figure 8 Crack formed by the action of
with blue spray [7] expansive mortar [7]
CONCLUSION

The paper presents one of the possibilities of applying the expansive mortars for the
formation of artificial screens. Expansive mortars are environmentally friendly products.
Expansive mortars do not cause shock waves, ground vibration, air blast, flyrock and do not
also release toxic fumes. Storage and transport are not hazardous to the environment. The use
of expansive mortars is very simple and safe for operators if they follow the Instruction
Manuel from the manufactures.

Artificial screens represent discontinuities placed between the blasting site (source of
seismic waves) and the object to be protected. Screens have a dual function. One is to reduce
the intensity of seismic waves caused by blasting in protected zone, and the second is to
improve the effect of blasting in the blasting zone.

Extensive research on the effect of artificial screens on the intensity of seismic waves was
carried out during the USSR, especially artificial screens that are made using mechanization.
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In our Country, artificial screens have been applied only in the form of a crack made by
contour blasting methods. The intensive application of expansive mortars will certainly lead
to their greater application in the field of the formation of artificial screens, especially in
sensitive areas. Even in the form of a crack, artificial screens prove to be useful for reducing
the intensity of seismic waves in the protected zone.
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Abstract

This study considered the historical air pollution data. Assessment of air quality in Bor was done for
the period 1994-2023, namely since the installation of monitoring stations for measuring the
concentrations of most common air pollutants such as SO,, PMy, and toxic elements As, Cd and Pb in
PM,, samples, at several different locations in relation to the location of the copper smelter.
Modernizations of the Flash smelting technology were carried out in 2015 and 2022, which partially
affected the reduction of air pollution. The measured concentrations of SO,, PMy, As in PMy, as well
Pb and Cd indicated frequent exceedances of defined annual limit values, both at the national and
European levels. The maximum average annual SO, concentration reached 372 ug/m® in 2012 and
was 7.5 times higher than the legally prescribed values. Air quality regarding the levels of PMy, and
especially As in PMy, was significantly worse after modernization. The annual concentration of As
exceeded the annual target velue defined by the European and Serbian regulations, at all monitoring
sites, with a maximum exceedance of more than 90 times at the suburban location during 2019.
Frequent exceedances of the respective annual target values were also noted for Pb and Cd in PMy,
samples. The analyzed data pointed out that the Bor region can still be characterized as an ecological
hotspot in Serbia and beyond.

Keywords: air pollution, SO,, PMy, As, Pb, Cd.

INTRODUCTION

Industrial and urban-industrial environments suffer significantly more pollution than
typical urban and rural environments, because the largest percentage of pollution comes from
industrial activities, mining and metallurgy, combustion of fossil fuels and waste, as well as
from traffic [1]. Concentrations of suspended particles in the atmosphere of urban areas range
from 60-220 pg/m®. In highly polluted areas, these concentrations can reach up to
2,000 pg/m? [1].

The European Commission (EC) has determined the allowed limit values (LV) for PMyg as
follows: the annual LV is 40 pg/m°®, and the daily LV is 50 pug/m®, whereby this value must
not be exceeded more than 35 times during the year [2]. The US Environmental Protection
Agency (USEPA) for PMy, on a daily basis, defines the LV of 150 pg/m® [3]. In Serbia,
concentration of PMy defined for inhabited areas is 120 pg/m® on a daily basis, and 40 pug/m®
on an annual level [4].

Numerous pollutants present in the environment, such as arsenic (As), lead (Pb), cadmium
(Cd), chromium (Cr), nickel (Ni), antimony (Sb) and copper (Cu) are classified as PBT

elements, i.e. persistent, bioaccumulative and toxic elements [1]. Based on epidemiological
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evidence, the International organization for research in the field of cancer (IARC) classified
As, Pb and Cd in the group of carcinogenic elements. Apart from being carcinogenic and the
most dangerous poison, As is found in copper ore mainly as the mineral arsenopyrite [5].
When copper ore is processed, at all stages of processing, significant amounts of arsenic are
emitted in the environment [6].

The aim of this paper is an environmental review of the air quality, which was affected by
polluting substances released from the mining and metallurgical facilities for
pyrometallurgical copper production, which started 120 years ago in Bor and the surroundings
(Eastern Serbia).

MINING AND METALLURGICAL ACTIVITIES IN BOR AND ITS
SURROUNDINGS

Bor and its surroundings are known for deposits of copper ore, which are among the largest
in Europe [6]. Mining production in Bor has existed for more than 120 years [7]. Mining in
Bor began in 1902 with the discovery of copper-rich ore deposits, which were then exploited
and processed. Natural hills were disappearing, and artificial hills of mine waste were formed.
For years, the copper ore was exploited, so it became poorer over time. The poor copper ore
was carried out in flotation, the copper concentrate was melted in the smelter and the flotation
tailings formed new artificial lakes with fine sediment, like living mud.

Pyrometallurgical production of copper from sulphide ores (chalcopyrite — CuFeS,,
chalcosine — Cu,S, coveline — CusS, arsenopyrite — FeAsS, etc.) was the main source of
pollution with SO, and PM particles, together with copper ore mining activities. The outdated
technology was replaced by flash smelting technology (FST) as an advanced and energy-
efficient production method during 2015 [8]. The monitoring of the level of air pollution in
the city of Bor is carried out by the Mining and Metallurgical Institute Bor and the Serbian
Environmental Protection Agency (SEPA). The measurement of air pollution started way
back in 1994, and the levels of air pollution with sulfur dioxide (SO,), fine suspended
particles up to 10 um (PMyg), as well as As, Pb, Cd and Ni in PMj,, were determined at
several locations in the city of Bor and surrounding settlements, as part of the local and
national air quality monitoring networks. The levels of pollutants in the air are accordingly
published in the form of annual and monthly reports by the Mining and Metallurgy Institute
Bor and are available for public [9].

AIR POLLUTION IN THE AREA OF BOR AND ITS SURROUNDINGS

The area of Bor and its surroundings was under the influence of emissions of SO,
sedimentary substances, and suspended particles with a high concentration of arsenic, for
many years. Significant exceedances of LVs [4] proposed for these polluting substances have
been recorded for many years. Figure 1 shows the average annual concentrations of SO, at
five measuring sites in the Bor area in the period 1994-2023. The limit value for SO, at the
annual level is set at 50 ug/m® [4] and it is represented by the red horizontal line on the
Figure 1. From 1994 to 2010, measurements were provided at three measuring site: Town
Park, Institute and Jugopetrol, and later the measuring sites, such as Technical Faculty and
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Slatina were also included. Since measurements of air pollution with sulfur dioxide have been
carried out, there have always been exceedances of the average annual value of 50 pg/m®,
implying that the daily and hourly values were also extremely high. During 2022, the average
annual limit value for SO, emissions was exceeded only at the measuring site Jugopetrol. The
SO, concentrations at other four measuring sites were within the defined limits. However,
knowing that the reconstruction of the copper smelter, which is located in the very center of
the city, was carried out during that year, being out of order for most of that year, then it is
understandable that there was no air pollution with sulphur dioxide during 2022. With the
reconstruction of the smelter and the introduction of the gas desulphurization process, the
limit value of 50 pg/m® was not exceeded in 2023.
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Figure 1 Average annual concentratlons of SO, at flve measuring sites in the Bor area in the period
1994-2023. The limit value (red horizontal line) is defined for SO, at 50 ug/m®
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The average annual concentrations of total suspended particles (TSP) at all eight
measurement sites in the Bor area were around the limit value [4]. The limit value for TSP
was 70 pg/m® until 2013, and after that it was reduced to 40 pg/m? for PMy,, defined by the
Regulation of the Republic of Serbia [4]. In both periods, before and after 2013, there were
minor exceedances of the defined average TSP and PM;o annual values.

The average annual concentrations of As, in suspended particles PMo, were determined at
eight sites: Town Park, Jugopetrol, Technical Faculty, Krivelj, Institute, Brezonik, Slatina and
Ostrelj during the period from 1994 to 2023, are shown in Figure 2. Over the years, the
monitoring of pollutant concentrations was carried out at several other sites, but data for a
whole period are not available. The measuring site Town Park is the closest to the copper
smelter (0.5 km from the smelter), and is located in the direction of the dominant easterly
winds. The measuring site Jugopetrol is located 3.3 km from the copper smelter, where
westerly winds bring the pollution from the copper smelter.

During 28 years, the average annual concentrations of arsenic were largely above the LV
target value (TV) of 6 ng/m? at all three measuring sites (Town Park, Institute and Jugopetrol)
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[4]. The high content of As in the air represents a great risk for the entire environment and
human health, because As is regarded as a carcinogenic substance [5].

The given concentrations of arsenic in Figure 2, indicate that the urban-industrial zone of
Bor is among the most polluted regions in Serbia and in Europe.
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Figure 2 Average annual concentrations of As in suspended PMyq particles at eight measuring sites in
the Bor area in the period 1994-2023. The target value (red horizontal line) is defined
for As at 6 ng/m®

The annual target value (TV) for Cd content in PM;o samples, defined by the Serbian [4],
was exceeded at the sites Jugopetrol during the whole analyzed period and Town Park during
2019 (Figure 3). The measuring site Jugopetrol was characterized as the most polluted one
with Cd in the Bor area, based on the annual concentrations in PMj, samples, during the
period from 2010 to 2023. The data indicated that the FST implementation did not
significantly contribute to the reduction of Cd emissions.
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Figure 3 Average annual concentrations of cadmium in suspended PM,, particles at eight measuring

sites in the Bor area from 1994-2023. The target value (red horizontal line) is defined
for Cd at 5 ng/m®
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The annual Pb concentrations in PM;q exceeded the annual LV of 0.5 pg/m® [4] during
2012 at the measuring sites Jugopetrol and Technical Faculty, during 2013 at the sites
Jugopetrol and Town Park, during 2014 at the site Technical Faculty, and during 2016, 2017,
2019 and 2020 at the site Jugopetrol (Figure 4). In the period of the new smelter operation,
until 2020, the annual limit values were exceeded at the measuring site Jugopetrol.
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Figure 4 Average annual concentrations of Pb in suspended PMy, particles at eight measuring sites in
the Bor area from 192012—2023. The limit value (red horizontal line) is defined for Pb at 0.5 ug/m®

CONCLUSION

Over 120 years of mining and metallurgy in Bor and its surroundings have adversely
affected the environment of this region. The natural relief of this area has been totally
changed, large amounts of artificial tailings hills have contributed to air, water and soil
pollution. The copper smelter located in the very center of the city of Bor, has been the source
of increased emissions of sulfur dioxide and polluting particles of the smallest dimensions for
decades. PMy, particles, which contain some harmful and carcinogenic substances, such as As
and heavy metals (lead, cadmium, nickel, etc.) can cause pollution of the remote areas due to
their easy transport by the winds with the most frequently directions.

Since 1995, when air quality monitoring began, arsenic levels in the air have never been
within the average annual concentration of 6 ng/m?®.
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Abstract

The subject of research is the flood potential in the municipality of Rakovica, with emphasis on the
Topcider river and its tributaries. The task of the research is to determine the flooding regime of the
Topcider River and its tributaries through the analysis of natural and anthropogenic causes of
flooding. The task is to analyze the monitoring results of the Topcider river due to poor water quality.
The goal of the research is to offer proposals for anti-flooding measures. The features of the relief,
terrain slope, hypsometry, hydrographic network, and spatial distribution of clay were analyzed. The
paper covers the measures taken to regulate the flow of the Topcider River and its tributaries, which
had an impact on the reduction of floods. However, additional scientific research and financial
investment are necessary to ensure anti-flood measures. Based on hydrological yearbooks for the
period 2010-2021, the flow at the measuring station Rakovica (Topcider Reka) is shown graphically.
Using Geographical Information Systems (GIS), the data was analyzed and cartographically
displayed. The paper includes the monitoring of the Topcider river from 2008 to 2022 with the aim of
showing the poor state of water quality as a result of the lack of communal infrastructure and a large
number of “wild” landfills, which increases the risk of soil pollution and the spread of infectious
diseases during flooding.

Keywords: flood, water monitoring, flow, mitigation measures, Rakovica.

INTRODUCTION

The municipality of Rakovica is a Belgrade municipality that covers an area of 3,036 ha.
Due to natural and anthropogenic conditions, it is susceptible to flash floods. Natural factors
that contribute to the occurrence of floods: geological and pedological base, relief (terrain
slope), amount of precipitation, specificity of microclimate, hydrological regime of torrential
tributaries and land use. Anthropogenic factors are deforestation, agriculture, and unplanned
construction. In the paper, the mentioned factors were analyzed with the aim of proposing
anti-flood measures on the territory of the Municipality.

MATERIALS AND METHODS

Methods of analysis and synthesis were used in the paper, with the aim of processing the
collected and researched data on the flow, the potential of flooding and monitoring. Data
available in strategic and planning documents, hydrological yearbooks and on the official
website of the Municipality were analyzed. Using the analytical and synthesis method,
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conclusions were drawn about the consequences that floods have on the population and their
activities and on the environment. Using the comparative method, the previous situation on
the Topcider River was compared with the current one, and conclusions were drawn about
anti-flooding measures. Data from the hydrological yearbooks of the Republic
Hydrometeorological Institute were used for the graphic presentation of the flow, data from
the measuring station Rakovica (Topcider river) were processed, the research refers to the ten-
year period 2010-2021 (apart from 2019 due to incomplete measurement data and 2020
because there is no flow measurement data). The research results are cartographically
displayed using QGIS 3.16. [1-4].

RESULTS AND DISCUSSION
Natural and geographical features

The climate in the municipality of Rakovica is moderate continental. The most common
soil types are alluvial soil, pseudogley and alluvial soil. Along the course of the Topcider
river and its tributaries, there is an alluvial environment and lake clay sediment, which
influence the soil in the eastern part to be susceptible to sliding. The karst characteristics of
the terrain are also represented, which is important due to the hydrological regime that affects
the intensity of floods [5-7].

The Topcider river is the right tributary of the Sava river and forms the largest river basin
in the administrative territory of the city of Belgrade [8]. The municipality of Rakovica is in
the downstream part of the Topcider river basin, which is characterized by a high degree of
urbanization, which affects the change in the hydrological regime [9]. Illegal and unplanned
construction of buildings, infrastructure, lack of communal infrastructure is represented in this
area, which causes wastewater to flow directly, without purification, into waterways, and this
leads to pollution of all environmental media.

The basin of the Topcider river is characterized by a pronounced dissection of the relief,
with unevenness between the top of Avala (506 m above sea level, the highest point of the
watershed) and the main stream, where, less than 2.5 km away, there is a relative height
difference of 390 m and a terrain slope of 15.6%. The area of the basin that gravitates towards
the Rakovica profile is 126.87 km? [7,10]. Such terrain conditions are a prerequisite for the
occurrence of torrential floods. Slopes up to 35° are pronounced (Figurel), and the highest
peak is Orlovac, 217 m above sea level (Figure 2). The clay content is significant due to the
occurrence of a water-bearing substrate, which is built of water-bearing sediments and causes
landslides and floods. Clay is represented in the range of 22-32% in the territory of the
municipality of Rakovica (Figure 3) [11].
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Hydrographic characteristics of the Topcider river

Until 2014, 34 torrential flood events were recorded in the Topcider river basin, which also
claimed human lives [7]. The municipality's hydrographic network (Figure 1) consists of the
Topcider river (the right tributary of the Sava river) with its tributaries Rakovicki potok,
Jelezovac, Kaljavi potok, Manastirski and others. The length of the basin is 27 km, and the
area is 146.6 km2. Topcider river is an epigeny [12,13]. At the end of the 1980s, the artificial
reservoir “Pariguz” was built in the Municipality, on the stream of the same name, with the
aim of flood protection, to preserve the biological minimum, to irrigate agricultural areas, for
sports and recreation. The volume of the reservoir is 41,400 m®, and for receiving the flood
wave it is 105,300 m®. The average sediment transfer on the barrier profile is 828 m*/y [14].

After the flood in 1985, two reservoirs were built on the Pariguz stream (Rakovica
municipality) and on the Bela river (VoZzdovac municipality), with studies and plans for the
construction of a larger number of reservoirs in the following period. The idea is to build the
planned facilities as far upstream as possible, which would make the municipality of
Rakovica safer from floods. The facilities that are planned resemble the two existing
reservoirs, and the facility that stands out from the others is planned on the Rakovica stream
and will have concrete dams that are placed centrally in the axis of the watercourse and that
are combined with earthen blocks. The central concrete part has culverts for small and
medium water [9]. According to research by Plavsi¢ et al. the construction of all planned
reservoirs will not have the effect of mitigating the maximum flows by more than 20%
compared to the existing situation, so it is concluded that there is no cost-effectiveness for the
construction of all facilities. The reason for the low profitability is the planning of the
construction of facilities that should control large waters from small catchment areas. The
unprofitability is also seen in the fact that the fastest runoff occurs in the most downstream
urbanized parts of the watershed located in the municipality of Rakovica, where no measures
are foreseen to control high water levels.

The average annual amount of precipitation in Belgrade is 684.3 mm [15]. According to
research by Petrovi¢ [7] the absolute maximum daily precipitation amounts are expressed in
the summer half of the year, and precipitation values range from 15 mm to over 100 mm in 24
h. This is the reason for the appearance of flood waves. Flow is one of the main factors that
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increases the potential for flooding, so it is necessary to observe extreme flows, that is,
absolute maximum and minimum flows [16]. Medium monthly and medium annual flows on
the Topcider river at the hydrographic station Rakovica (Topcider Reka) were analyzed, with
the aim of determining the change in flow according to the months, and for the sake of the
precision of the research, the ten-year period 2010-2021 was observed. The maximum daily
flow of 109 m*/s was measured on May 15, 2014, while the average value for the month of
May 2014 was 1.19 m®/s, and 20 days of that month had a flow of less than 1 m*/s. It was in
May 2014 that the Topcider river and its tributaries flooded (Figure 4) [16]. In May 2013, the
maximum daily value was 1.4 m%s.

As a result of melting snow and a large amount of precipitation, the largest flow in the
territory of the Municipality is in spring, and a special problem is flash floods during spring
showers when a large amount of rain falls in a short period of time (Figure 5). The average
annual flow (for a ten-year period) varies from 0.35 m*/s (measured in 2011 and 2017) to
1.14 m%s (measured in 2010) (Figure 6). In March and May, the flows are the most
pronounced, while the lowest flow is in the summer months due to high temperatures. The
results of the average maximum monthly flow (Figure 7) indicate that May is the month with
the most pronounced extreme flow due to showers. Based on the standardized deviation of the
median annual flows, it can be concluded that the biggest deviation was in 2010, 2014 and
2015 (Figure 8, the orange line indicates the size of the deviation, and the rectangles indicate
how much the annual mean flow deviated from the mean value). May and March have the
most pronounced deviations and extremes due to showers (Figure 9).
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Monitoring of the Topcider river

Monitoring of the Topcider river in a fifteen-year period (2008-2022) indicates a
catastrophic state of water quality. In the mentioned period, the most frequent sampling
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involved one monthly sample from the measuring point of Tsareva cuprija, i.e. near the bridge
next to the hippodrome. However, there were exceptions, especially in the period 2012-2016
when fewer samples were taken for analysis. In 2018, during the analysis of the sample
(September), the presence of Pb, PCB, Cu, Ni was determined. In May 2019 and 2020, during
the analysis of samples (May), the presence of Ni and Hg was determined, and in September
of the same year, the presence of Ni was determined. The presence of Ni was also determined
in water samples from September 2021, then July and September 2022.

According to the Rulebook on parameters of the ecological and chemical status of surface
waters and parameters of the chemical and quantitative status of underground waters [17] in
the observed period, Topcider river has a poor ecological status, according to the Regulation
on limit values of pollutants in surface and underground waters and sediment and deadlines
for reaching them [18] Topcider River belongs to the V class of watercourses and is one of
the most polluted rivers in the Republic of Serbia.

The former industrial zone is located along the course of the Topcider river, in the past the
industry was the main source of watercourse pollution. Today, many companies are shut
down, repurposed, under bankruptcy or have reduced production capacity, so they are no
longer the main factor in pollution. However, there are increased areas under residential
buildings and buildings with commercial content that pollute the flow of the Topcider river
with municipal waste. A highway and a railway pass through the Topcider river valley, which
are the transport routes for hazardous waste. The problem is the “wild” landfills on the
Topcider River and its tributaries, as well as the discharge of untreated municipal wastewater
into the recipient [19,20], and the health of the population and the environment is especially
threatened when water overflows from the riverbed and floods the terrain with pollutants.
Table 1 shows the monitoring results of the Topcider river.

Table 1 Monitoring of the Topcider river [21]

11 class V class
Number Microbiological and physical-
River Year of River waters ?1 ical phny
samples chemica
No % No %
- 2008 10 - - 8 80
g 2009 10 - - 8 80
g 2010 10 - - 7 70
= 9 2011 10 - - 8 80
.E g— 2012—-2015 23 - - 23 100
s o 2016 6 - - 6 100
e
g = 2017 12 - - 12 100
Qg 2018 12 - - 12 100
=< 2019 12 - - 12 100
;E_? 2020 10 - - 10 100
o0 2021 10 - - 10 100
~ 2022 12 - - 12 100
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Anti-flood measures

It is necessary to explain to the local community the advantages they will have from
afforestation and conversion of areas, as well as their role in the activities [22]. Since the
municipality of Rakovica was industrially developed at the end of the last century, there are
still “brownfield” locations that can represent the potential for reducing flooding processes.
The revitalization of “brownfield” locations through reforestation would contribute to an
increase in the percentage of greenery and a reduction in flood consequences. Limitations that
can slow down the implementation of anti-flood measures are the financial difficulties of
LGUs [23]. “Brownfield” locations are positioned along the course of the Topcider river and
can be converted into facilities that will contribute to the purification of wastewater, which
will have a higher percentage of greenery, or which will be a space for organizing educational
workshops on the topic of fighting floods and reducing the pollution of watercourses.

To reduce the negative effects of flooding, it is necessary to consider the collection of
rainfall from unplanned buildings and infrastructure [24]. It is necessary to carry out an
inventory of illegally built buildings and infrastructure, and then prepare planning
documentation that will include mitigation of rainwater runoff, with the aim of reducing
pressure on sewage systems. Places where a large amount of precipitation accumulates, which
are usually roads and intersections, should be monitored.

By establishing the Cadastre of Pollutants for the sources of pollution of the Topcider
River, the coordinates of the outlets of untreated wastewater, descriptions, and photos of the
outlets, monitoring results, monitoring of changes, with regular data updates and cartographic
display would be determined. This system should be introduced due to the large number of
illegal and unregistered discharges from households and from agriculture. The number of
registered sources of pollution in the Topcider river basin is 219 [25]. To facilitate the
monitoring and control of flash floods in the Topcider river basin, it is necessary to provide
access to the Flash Flood Inventory to a larger number of users, regularly update the database,
and categorize flash flood events according to intensity categories. It is necessary to integrate
the Inventory into the national database on natural disasters, as well as into European
databases on natural hazards [26]. To monitor the degree of risk of flooding, it is necessary to
work on risk maps, and to assess the risk, it is necessary to know the characteristics of the
flood wave, the topography of the terrain and the purpose of the surfaces. It is necessary to
determine the potential damage, which is an expensive and complicated process [27]. The
continuation of illegal construction in Rakovica affects the lack of space for flood risk
management, but also increases the risk of human casualties and material damage in
emergency situations. The proposal is to develop a comprehensive strategy for the integral
management of catchment areas with the cooperation of water management, spatial planning,
and environmental protection [9]. Preventive measures are a long-term process, they relate to
reforestation, spatial planning of construction of buildings, streets and infrastructure,
prohibition of construction on land prone to sliding and monitoring the trend of floods and
high water throughout history. The construction of artificial reservoirs, such as the “Pariguz”
lake, contributes to the reduction of floods. It is also possible to reduce the consequences of
floods by strengthening the coastal fortifications and erecting ramparts. Educating the
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population on how to act in an emergency and how to evacuate allows for an effective
response to floods when they occur [28].

CONCLUSION

In the municipality of Rakovica, the causes of floods are natural and anthropogenic. Many
inhabitants and their activities influence the occurrence of floods. Lands that were most often
used for agriculture and green areas, become places of construction of illegal and unplanned
residential and commercial buildings and infrastructure. This affects the increase in the degree
of erosion and the occurrence of flash floods, due to the lack of green areas and unfulfilled
construction conditions. By increasing the number of untreated wastewater discharges, the
degree of pollution of the Topcider river and its tributaries increases, which affects the fouling
of the riverbed, and the increase in the number of “wild” landfills contributes to the burying
of the riverbed with waste. In this way, the potential for flooding increases. That is why it is
important to direct all available resources (people, knowledge, financial and technical-
technological resources) to flood prevention measures.
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Abstract

For economic separation of Zn and Pb from electric arc furnace (EAF) dust it's content should be
greater than 25%. In this paper, it was calculatedly analyzed the effect of process parameters on
dynamics of returned dust enrichment. Chemical analyzes of EAF dust from Niksic Steelworks and the
mass balance of an 60 t EAF were used as a starting point. Simulation of changes in the Zn and Pb
content during the return melting was carried out. Results of simulation show that in all analyzed
variants, the total content Zn+Pb in slag does not exceed 0.1%.

Keywords: EAF dust, melting, enrichment.

INTRODUCTION

Electric arc furnace dust (EAFD) as a by-product of steel production can be deposited,
which requires special conditions arising from the fact that EAF dust is classified as
hazardous waste. If EAF dust is treated in this way, a large amount of important metals
remains trapped in the dust, which would be an ineffective solution from the point of view of
economics and metallurgy.

This type of dust is an form of spherical particles whose granulation is below 1 pum. In the
production of carbon and alloyed steel EAF dust is richest in Zn and Pb, while in stainless
steel production it is enriched with Cr and Ni. The chemical composition of EAF dust
depends on the scrap quality and the technological parameters. Recycling of dust by injecting
into EAF reduces the total amount of dust [1].

During pyrometallurgical treatment of dust in an electric are furnace, the reduction of
components occurs according to the following reactions [2,3]:

ZnO Fe;03) + 2C(s) — Zn(g) + 2Fe)+ 2C04() (1)
PbO¢) + Cs) — Pbh(s) + CO() )

MATERIALS AND METHODS

The empirical data on the distribution of Zn and Pb at the metal-slag-gas boundary were
used to derive the analytic expressions. For theoretical calculation EAF dust from steelworks
Niksic was used (Figure 1). The average chemical composition of EAF dust is shown in Table
1.
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The influence of two groups of parameters was carried out: those that are the results of
circumstances which cannot be influenced during the process (mass and chemical
composition of primary dust) as well as the influence of “sliding” parameters that can be
changed (mass of returned dust).

Table 1 The average chemical composition of EAFD from steelworks Niksic
Element Fe Si C Mn Cr Ni Pb Zn Ca Mg
Mass% 4247 15-1.8 0.6-09 ~45 ~05 ~0.4 ~2.5 ~8 ~7 ~4

b)

The enrichment of EAF dust is a multiple return process, which is repeated in -n- steps.
The content of analysed elements after each step can be calculated as:

X(n):X(O)+a1X(O)+a2X1+ ...... +anx(n_1) (3)

where: - X(g) — initial content of Zn and Pb in EAF dust,
- n- number of steps,
- ap - empirical coefficients.

The following expression was used to define the correlation of Zn and Pb content [1]:
Pb=0.1169 (%Zn)+0.5544 (4)

Since it has been observed in practice that, depending on the initial raw materials, the mass
of primary EAF dust ranges from 10-15 kg/t of steel, the average value of 12 kg/t was used
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in the simulation [1,2,4]. In theoretical simulations, it is feasible for the mass of primary EAF
dust to be less than that of the return dust, EAFD(r), and therefore, calculations were analyzed
for values of 8 and 10 kg/t.

RESULTS AND DISCUSSION

Although it is possible analytical dependencies for higher initial Zn percentages, in this
case, the option with Zn)=8% was analyzed. This choice was made because chemical
analyses of EAFD during the production of high-quality alloy steels showed values.

From the diagram (Figure 2), it can be observed that in both cases, the Zn content in EAF
dust increases.

45

—8—FEAFD (r)=8kg/t —%— EAFD(r)=10kg/t Zn(min*
40
35
8 30
?: 25
.:_ *— & —y——— Sr— =
20 . 4
o
-
15 @
-
10
5
0 L
0 1 2 3 4 5 6 7 8 9 10 11 12
n - steps

Figure 2 The changes of %Zn in EAF dust

According to the empirical expression of the Pb=f(Zn) dependence, the change in %Pb
during multiple return injections of EAF dust into the furnace was obtained (Figure 3).

From the diagram (Figure 2), it can be observed that in both cases, the Zn content in EAF
dust increases. However, in the case where EAFD(r)=8 kg/t, the rate of increase is notably
lower, leading to failure in attaining the minimum Zn concentration (Zn min).

By increasing EAFD to 10 kg/t, the desired Zn content is reached within just 4 steps.
Nevertheless, any increase in the number of EAFD return injections into the furnace would
realistically impede the technological process.

From the diagram (Figure 3), it is observed that the trend of increasing %Pb is somewhat
slower than that of Zn, so that at the end of the simulated process of 10 steps, a content of
4.5% is achieved.

Based on empirical data, the following distribution of Zn from primary dust was observed
[1]: Zn@usy~97%, ZNmetay~1% and Zngiagy~2%. Since both Zn and Pb are highly detrimental
to the quality of steel, it is crucial that their content in the metal is negligibly small.

Taking into account practical experiences in the valorization of steel slag, the maximum
allowable content of (Zn+Pb)saq has been defined, amounting to 0.1%. According to the
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stated distribution of Zn between metal, slag, and gas, with the interdependence of Zn and Pb,
the simulation has demonstrated that in all considered variants, the (Zn+Pb) content is far
below the critical value (Figure 4).
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Figure 3 The calculated changes of %Pb in EAF dust

AEAFD (r)=8kg/t ®EAFD (1)=10kg/t

(Zn+Pb) slag, %

n- steps

Figure 4 Simulation of the values of (Zn+Pb)sa

In this case, the slag meets the criteria of the “leaching” test regarding the content of Zn
and Pb, indicating the possibility of further treatment.

The simultaneous influence of two parameters: mass of primary and returned dust on its
“enrichment” is simulated and shown in Figures 5 and 6. It can be seen on the graph (Figure
5) that in the case of MEarpyprimay=15 kg/t, it is then practically impossible to reach
Zn(miny=25% regardless of the increase in the mass od EAFDyy.
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Figure 5 Zngearp) as a function of EAFD ) (M EAFDprimary=15 kg/t)

In the case of Mearpprimary)=10 Kg/t, (Figure 6) the mearpyn=8 kg /t is needed to reach the
value of Zn(min).
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Figure 6 Zngearp) as a function of EAFD(y (M garD primary=10 kg/t)

CONCLUSION

Based on analytical simulation it’s noticeable that greatest effect of enriching “poor” EAF
dust was achieved in the case of a small mass of primary dust by increasing the mass of the
return EAF dust to the level technological justification. For higher values of primary EAFD
(m=15 kg/t) the influence of return dust is reduced due to its smaller relative share in the total
mass. Simulation of changes in the %Zn and %Pb in the slag, during enrichment of EAFD
show that in all analyzed variants the total content (Zn+Pb),q does not exceed the potentially
problematic limit of 0.1%.

The presented analytical correlations give the possibility to theoretical predict the
dynamics of enrichment of EAF dust.
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Abstract

Metallurgical activity on the territory of today's Republic of Croatia is more than 6000 years old. An
important development of metallury is from 1945 and investments in environmental protection is from
1980s. Unfortunately, the current metallurgical production (steel from electric arc furnaces,
aluminium products and castings) is 10 times lower than the production at the end of the 1980s. The
current state of environmental protection in the Republic of Croatia is satisfactory, which is mainly
due to lower industrial metallurgy (coke, pig iron, ferroalloys, etc. ceasing production) and the use of
modern technologies for the production of semi-products and products, but also due to higher
investments in environmental protection and energy efficiency.

Keywords: metallurgy, environmental protection, ferroalloys, steel, castings.

INTRODUCTION

The history of civilization is closely related with the development of materials, among
which are metallic materials has primary role [1,2]. Metallurgy is of great importance for the
development of industrial society. The activity of metallurgy on the territory of today's
Republic of Croatia is more than 6000 years old [1]. Minting of coins began in the Roman
Empire in the town of Siscia (262) and the area current Sisak-Moslavina County has a long
mining and metallurgical tradition in the production of pig iron and castings.

The development of foundry began in the Copper Age. Castings were discovered in
Slavonia during the Baden culture, the Vucedol culture, etc. In 15" century, the first foundries
of guns, bells, etc. were opened. The first industry was founded in Rijeka (1853) for the
casting of anchors.

In addition to the bell foundry, numerous foundries for other purposes were established in
Zagreb (from 1874, etc.). Until the World War I, metallurgical activity in today's Republic of
Croatia was based on the production of pig iron in old stone blast furnaces from 19th century
and from 1939 in a new blast furnace in the Caprag smelter [3], the start of production of
ferroalloys (1931) in Sibenik and Dugi Rat, the production of primary aluminium in Lozovac
near Sibenik (1937) as well as castings in numerous foundries [1]. The World War II reduced
or stopped metallurgical production.
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METALLURGICAL COMPANIES IN THE REPUBLIC OF CROATIA IN THE
PERIOD FROM 1945 TO 2020

The development of metallurgy continued after the World War 11 until the end of the 1980s
(Table 1). Restoration and modernization of existing companies and opening of new ones:
Iron and Steel Works Sisak (1946), Factory ligh metals Sibenik, Iron and Steel Works Split
(1971), numerous foundries, etc.

Table 1 Metallurgical companies and products range semi-products and/or products in 1989 [1]

Company Products range kt
Coke 780
. Pig iron 214
Iron and Steel Sisak Works Crude steel 365
Steel tubes 357
Iron and Steel Works Split Crude steel 120
Rolled products from concrete steel 105
Factory ligh metals Sibenik Al-blocks 50
Rolled Al and Al-alloys 120
el;ifé%reys ?ggé;ﬁi!lgfg?rgat) Ferroalloys and electrodes 168
Mill steel Kumrovec Civil engineering profiles 40
Armko Konjs¢ina Wire and reinforcement

Mill of seam pipes Potpican Cold rolled seam pipes 12
Foundries Ferrous and non-ferrous castings 127

Total 2458.8

Iron and Steel Works Sisak was an integrated iron and steel works with production of seam
and seamless pipes. This company produced SM and electro steel and was the only producer
of seamless pipes in Yugoslavia [4]. Iron and Steel Works Split was established due to the
rapid development of the construction industry for the reinforcement of reinforced concrete
bars, wire, mesh, etc. [5].

The factory of ligh metal Sibenik (TLM) produces primary aluminium, Al-alloys from
secondary aluminium and rolled products (strips, sheets, foils, etc.). The factory aluminium
Lozovac was produced primary aluminium, Al-rolled products and Al-alloys from secondary
aluminium. The Electrode and Ferroalloy Factory (TEF) in Sibenik and the Carbide and
Ferroalloy Factory in Dugi Rat near Split have been producing ferroalloys, among other
things, since 1931. Mill of steel Kumrovec has been producing civil engineering profiles
since 1973. Armko Konj$¢ina has been producing rolled and drawn wires and reinforcements
for civil engineering since 1963. Potpi¢an seam pipe rolling mill from 1977 produced cold-
formed seam pipes and galvanised pipes of various sections. The foundries produce castings
from grey iron, ductile iron, etc., as well as castings from light metals.

Unfortunately, metallurgical production in the early 1990s is 10 times lower than in the
late 1980s due to the consequences of the war, the wrong conversion and privatization, the
lack of a decade-long industrial policy and industrialization by 2020 (Table 2). Many
metallurgical companies are shutting down: the production of ferroalloys in Sibenik (1995)
and Dugi Rat (1998), Iron and Steel Works Split (2018), numerous foundries, etc. Today,
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metallurgical production has been reduced to the production of steel in electric arc furnaces,
aluminum rolled products and castings (ferrous and non-ferrous castings), which are foreign-
owned.

Table 2 Production of metallurgical products during 2020 [1]

Metallurgical products Production, kt
Continuously casted steel 45
Al-products (rolled strips, sheets and folis) 111.8
Ferrous and non-ferrous castings 91.7
Total 248.5

Steel production takes place in a modern electric arc furnace with secondary metallurgical
equipment (ladle-furnace, vacuum degasser, etc.) in the company ABS-Sisak Ltd. The
production of Al-products takes place in the company Impol-TLM Ltd. The most important
foundries in the Republic of Croatia today are: P.P.C Buzet Ltd., Ferro-Preis Ltd., Lipovica
Ltd., LTH Metalni lijev Ltd., MIV Varazdin join-stock, Plamen Ltd., RS Metali Ltd., Almos
Ltd., Dalekovod Oso Ltd., Saint Jean Industroies Ltd. and others [1].

ENVIRONMENTAL PROTECTION IN THE METALLURGY

It is well known that metallurgical production generates by-products (red mud, slag, dust,
etc.). From an environmental point of view, a very small or almost no investment at the end of
the 1950s. In TEF Sibenik (until 1958) and in Dalmacija Dugi Rat (until 1962), practical open
electric-arc furnaces for the production of ferroalloys were in operation. Serious investments
in environmental protection began in the 1980s. In TEF Sibenik, a device for dust filters in the
treatment of electrodes was installed (1987), etc. Unfortunately, the production facilities in
TEF Sibenik were demolished without taking into account the restoration of land from the
point of view of environmental protection. Slag, coal tar, phenolic compounds and remnants
of graphite electrodes were left behind (Figure 1a). Later, the waste was excavated, ground
and the slag transported. Unfortunately, the urban renewal area of the former TEF Sibenik is
not fully planned [6]. A dust filtration system was installed near the electric-arc furnace for
the production of ferroalloys in the Dalmacija Dugi Rat carbide and ferroalloy factory. At that
time, it was the most modern system in Europe [7]. About 2/3 of the solid particles were
collected in the filter system. The factory was demolished (2009), but the land is not
restorationed (Figure 1b).

Slag delayed near the sea and in the sea (Figure 1b) contains primary metal oxides (Table
3). Industrial slag or the so-called “black mountain” with around 1.67 million m® of slag and
other waste is still not recoveried on sustainable manner.

The former Iron and Steel Works Sisak is to take environmental protection into account,
particularly in the processing of iron ore, the construction of the Bakar coke plant, etc. [4].
The so-called new agglomeration plant (1987.) has maximum environmental protection using
by electro-filter plants. Coke plant Bakar (1978) was built according to the most modern
environmental protection technologies of the time, with a 252 m high chimney and a 360 m
long underwater pipeline for coal transportation (the first of its kind in the world in
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Yugoslavia). Today, ABS-Sisak Ltd. has made many investments in environmental protection
and energy efficiency. From 1988 to 1990, TLM Sibenik invested heavily in the alumina
electrolysis plant and 10 new, modern closed furnaces with dry filters. Today, Impol-TLM
Ltd. in Sibenik is preparing to build a new foundry for aluminum ingots with the most modern
equipment for environmental protection.

a) , _ b)

Figure 1 Slag delayed a) from TEF Sibenik (2014); b) view of the sea (2023) on former factory
carbides and ferroalloys Dalmacija — Dugi Rat [1]

Table 3 Chemical composition of slag, mass. % [8]

Metal oxides Slag ferrochrome Slag silicamanganese

SiO, 33 41
Al,O; 20 12
MgO 36 -

MnO - 16
CaO - 25
Cry,03 6 -

Others 5 6

The factory of alumina in Obrovac was only in operation for two years (1979 and 1980)
and had a capacity of 46% in 1979. Residual red mud and waste alkali residues as by-products
of alumina production are not utilised. Foundry production is automatized, especially
moulding.

Teaching, science and professional activities in the field of environmental protection are
introduced from 1980 [9]. Teaching activities started with the implementation of the Ecology
course at the Faculty of Metallurgy, University of Zagreb in the academic year 1981/1982.
Scientific research activities were carried out through the utilisation of by-products (red mud,
slag, dust, etc.) [10-16].

CONCLUSIONS

After the World War 1l until the end of the 1980s, much attention was paid to the
development of metallurgy in the Republic of Croatia. Numerous metallurgical companies for
the production of coke, pig iron, steel, aluminium, castings, etc. were established. The

production of ferroalloys was modernised. From an environmental protection standpoint,
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serious investments began in the 1980s. Today, the state of environmental protection in the
Republic of Croatia is satisfactory. The main reason for this is the reduction in the production
of metallurgical products, which is 10% compared to the end of the 1980s. Today,
metallurgical companies (Impol-TLM Ltd., ABS Sisak, Ltd. and part of the foundries) invest
a lot of money in environmental protection by using alternative energy sources.
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Abstract

In the last ten years, devices for monitoring gaseous air pollutants and meteorological parameters
using low-cost sensors have been widely available. Such devices consist of several low-cost sensors,
microcontrollers, communication, and power supply modules. Due to the need for a better
understanding of urban microclimate parameters, the Mining and Metallurgy Institute Bor (Serbia)
recently developed an automatic weather station based on low-cost sensors. The paper presents
examples of the results of urban microclimate monitoring in the city of Bor using a network of
automatic meteorological stations during the 2023. The measurement results show slight differences
in the microclimatic parameters of individual measurement sites predominantly caused by changes in
meteorological parameters and air pollution emissions from the local sources. The obtained results
are very useful for understanding the spread of particulate matter pollution in urban areas in the city
of Bor.

Keywords: low-cost, sensor, air pollution, microclimate, weather station.

INTRODUCTION

Automatic Meteorological Station (AMS) consist of sensors for measuring temperature, air
humidity, air pressure, speed and direction of wind and precipitation, data collection and
processing devices, communication, and power supply devices. The cost of a professional
automatic weather station in complete configuration can be up to 10,000 euro's. In the
national networks of automatic air quality monitoring, automatic meteorological stations of
different types and manufacturers are used to measure meteorological parameters in the
ambient air. In the Republic of Serbia, at more than 30 Air Quality Monitoring (AQM)
stations, automatic monitoring of meteorological parameters is carried out using automatic
weather stations LUFFT WS500 or WS600 [1]. The high cost of professional automatic
weather stations is a limiting factor for their wider application. On the other hand, in order to
better assess the impact of air pollution on human health, it is necessary to carry out
continuous monitoring of air quality and meteorological parameters in real-time in different
microenvironments (a part of a residential area, around schools, kindergartens, hospitals,
factories).

In the last ten years, devices for monitoring meteorological parameters using low-cost
sensors have been available. Such meteo stations consist of several low-cost sensors,
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microcontrollers, communication, and power supply modules. However, the service life of
low-cost sensors integrated into such meteo stations is significantly lower compared to
professional ones, as well as the accuracy of measuring meteorological parameters
(temperature +£1°C, air humidity +5%, etc.). Due to the need for a better understanding of
urban microclimate parameters, the Mining and Metallurgy Institute Bor (Serbia) recently
developed an automatic weather station based on low-cost sensors [2,3].

For over a century, copper ore extraction and processing have been undertaken within the
confines of the city of Bor in Serbia. These activities, encompassing the excavation and
processing of copper ore, have given rise to various detrimental impacts on the local
environment, affecting air, water, and soil. Concerns regarding the potential repercussions on
human health have been articulated in multiple studies [4-6].

The city of Bor has been subject to systematic air quality monitoring since the seventies of
the previous century. From 2005 onwards, automated techniques for measuring sulfur dioxide
concentrations have been implemented at multiple locations within the city [7-9]. Notably, in
2016, significant alterations were made to the smelting technology at the copper smelter in
Bor. Consequently, the recorded concentrations of sulfur dioxide have witnessed a notable
decline compared to the era when the smelter operated with the previous technology.

Despite the technological modifications in copper smelting, certain measuring points
within the city still register concentrations of carcinogenic elements, particularly arsenic, in
suspended particles of the PMyq fraction that exceed legal limits [7-10].

‘n‘ ag< )

‘ N : 75 , Ry N
Figure 1 Distribution of measuring points in urban areas of Bor
(1. TP, 2. TOP, 3. IRM, 4. ZOO, 5. JP)

In 2023, 4 automatic weather stations were installed in several places in the urban
environment of the city of Bor to determine the microclimatic characteristics of the selected
measuring points (as shown in Figure 1). This paper presents some of the measurement results
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e.g. comparative measurements of deviation of the measured parameters from the results
obtained at the reference measuring point in the Town Park in Bor.

MATERIALS AND METHODS

During 2023, four meteorological stations were installed in the suburban areas of Bor to
monitor the influence of meteorological parameters, primarily suspended particles' spread.
The locations of these stations are shown in Figure 1. The air temperature, relative air
humidity, air pressure, wind speed, direction, and concentrations of suspended particles (PMyg
and PM,s) were measured by these meteorological stations and recorded as 1-minute average
values. The measurement results were then compared with the data obtained from the weather
station at the Town Park location, which is part of the state air quality monitoring network
(average daily values of measurement results were compared). The geographical data of
measuring points is presented in Table 1. Figure 2 shows examples of meteorological stations
installed at the measuring points of IRM and JP.

Table 1 The geographical data about measuring points

Sl Mot godgaionor  Seowiel e O
measurement point smelter (m)
1 Town park TP 44°04'33" N 22°05'58" E 377 800
2 Toplifikacija TOP 44°03'45" N 22°03'38" E 388 1300
3 Institut IRM Bor IRM 43°57'24" N 22°08'19" E 384 2000
4 Zooloski vrt Z00 44°02'20" N 22°05'34" E 436 2400
5 Jugopetrol JP 44°04'28" N 22°09'27" E 362 3100

B J | : 3 < ".
Figure 2 Layout of the weather stations installed at the a) IRM; b) JP

RESULTS AND DISCUSSION

In 2023, none of the measuring points detected concentrations of suspended particles PM1q
that exceeded the mean annual limit value (40 pg/m®). Mean annual concentrations of PMg
were 18.3, 16.3, 18.9, 22.5, and 23.3 pg/m® at measurement sites 1-5 respectively.
Additionally, no measuring point surpassed the allowed number of days (35) with
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concentrations above the daily limit value for PMj,. The measuring point JP recorded the
highest number of days (15) exceeding the daily limit value for PM;o concentration. In 2023,
none of the measuring points detected concentrations of suspended particles PM,s that
exceeded the mean annual limit value (25 pg/m®). Mean annual concentrations of PM, s were
12.3,11.7, 12.1, 11.6, and 13.3 pug/m® at measurement sites 1-5 respectively. The measuring
point JP recorded the highest number of days (23) exceeding the daily limit value for PM;s
concentration. Figures 3 and 4 display the mean daily concentrations of suspended particles
PMjo and PM, s measured throughout 2023.

75.0

—PM10 TP
PM10 TOP
~—PM10 IRM
~—PM10 ZOO
PM10JP
s Dally Limit l

Concentrations (1g/m3)

0o .
12/22 01/23 03/23 04/23 05/23 06/23 07/23 08/23 09/23 10/23 11/23 12/23 o01/24

Time

Figure 3 Mean daily concentrations of PM;, measured in Bor in 2023

—PM2.5TP
PM2.5 TOP
——PM2.5 IRM
——PM2.5200
PMZ.5 1P
s Datily Limit

Concentrations (ng/m3)

0.0 - . - -
12/22 01/23 03/23 04/23 05/23 06/23 07/23 08/23 09/23 10/23 11/23 12/23 01/24

Time
Figure 4 Mean daily concentrations of PM, s measured in Bor in 2023
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Table 2 Pearson correlation coefficient (r) between the mean daily concentrations of PMy
and PM,sin 2023

PMy, | PMy PMyq PMyq PM;5 PM;5 PM;5 PM;5
ToP | IRM | zoo | JP ToP | IRM | zoo | JP
072 042 043 o041 Mo 088 045 064 073 "M
058 066 045 M 0.67 060 o059  FMes
064 042 N 066 044 NI
e s

Based on the value of the Pearson correlation coefficient of the mean daily concentrations
of suspended particles PMo and PM,5 between measurement sites, it can be observed that
there are mostly moderate (0.6>r>0.4) and strong (0.8>r>0.6) positive correlations between
PM concentrations at different measurement sites. Correlations between PM; s concentrations
are somewhat stronger than correlations between PMj, concentrations, which is a
consequence of the different distribution of these particle fractions under the changes in
microclimate conditions and influences of local sources of PM emissions. Figures 5 and 6
show the measured values of meteorological parameters. Mean annual values of air
temperature were 13.2, 12.9, 13.3, 13.5, and 12.9°C at measurement sites 1-5 respectively.
Mean annual values of relative humidity were 74.8, 72.1, 74.2, 71.6, and 72.4% at
measurement sites 1-5 respectively. Mean annual values of wind speed were 1.3, 1.2, 0.9, 1.1,
and 1.2 m/s at measurement sites 1-5 respectively. Mean annual values of air pressure were
971.7,971.1,971.2,971.1, and 971.4 mbar at measurement sites 1-5 respectively.

a) b)
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Figure 5 Mean hourly values of a) RH and mean daily values b) Temperature in 2023

Based on the measured values of meteorological parameters at sites 1-5 in Bor, it can be
concluded that they differ very little from each other, that is, they do not deviate from the
average values of meteorological parameters measured in the last ten years at the measuring
site Town Park in Bor.
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Figure 6 Mean hourly values of a) WD; b) WS at TP and JP sites in 2023

CONCLUSION

The paper presents examples of the results of urban microclimate monitoring in the city of
Bor during 2023 using a network of automatic meteorological stations. The measurement
results show slight differences in the microclimatic parameters of individual measurement
sites predominantly caused by changes in meteorological parameters and air pollution
emissions from the local sources. The obtained results are very useful for better understanding
the principles of spreading air pollution in urban areas in the city of Bor.
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Abstract

The paper presents a computation and analysis of the CO, emission factor, alongside the volume and
composition of combustion products, contingent on the composition of high-quality natural gas and
the excess air coefficient. The CO, emission factor values are within the range that natural gas of the
selected composition is recommended for use from an ecological point of view. With an increase in the
excess air coefficient, both the volume of combustion products and the concentrations of N, and O,
within these products increase, whereas the concentrations of CO, and H,O decrease. The identified
differences arise from variations in the composition of natural gas.

Keywords: natural gas, excess air coefficient, combustion product.

INTRODUCTION

Natural gas is a highly calorific fossil fuel widely used as an energy source in various
thermal power plants and thermal engineering plants. It is a gaseous mixture primarily
composed of hydrocarbons, with methane overwhelmingly predominant among them. As a
result, the combustion of natural gas yields energy with the least carbon emissions compared
to other fossil fuels [1,2]. The energy requirements of plants determine the fuel consumption
and operating parameters of industrial furnaces, thereby influencing the quantity and
composition of combustion products [3—6]. Although natural gas is the most environmentally
friendly fossil fuel, its use necessitates the design of waste gas treatment procedures,
primarily for the removal of carbon dioxide, nitrogen (nitrogen oxides), and soot particles.
The initial step in these activities always involves the analysis of the quantity and composition
of combustion products [4,6].

In this study, computation and analysis were conducted on the combustion products
resulting from the combustion of natural gas of varying compositions under different excess
air coefficient values, which represent one of the most significant operational parameters of
the combustion process.

MATERIALS AND METHODS

For the investigation, six different compositions of dry natural gas (without the presence of
water vapor) were selected (Table 1). The gases are denoted as NG1+NG6 and are arranged
according to decreasing CH4 content, which is the most dominant component in the
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composition of natural gas. The gas compositions were cited from the literature and are
characteristic of facilities for the preparation and utilization of natural gas in the European
Union, Russia, and Serbia [7,8].

Table 1 Selected compositions of natural gas
Natural Composition of natural gas, [vol %]
gas CH, C,Hs CsHg CsHqo CsHi» CO, N,
NG1 98.00 0.40 0.20 0.10 0.10 0.20 1.00
NG2 95.59 1.15 0.44 0.16 0.04 1.48 1.14

NG3 92.60 2.78 0.41 0.06 2.42 1.73
NG4 88.6 3.05 0.62 0.58 - 1.50 5.65
NG5 83.50 3.60 0.70 0.30 - 1.40 10.50
NG6 80.50 2.80 0.40 0.20 - 1.90 14.20

The combustion of gaseous fuels is conducted under excess air conditions of up to 10%
compared to the theoretical air quantity [1,5]. As this is one of the most significant factors
influencing fuel combustion conditions and the quantity and composition of resulting
combustion products, six values of the excess air coefficient (A = 1, 1.02, 1.04, 1.06, 1.08, and
1.10) were selected for computation and analysis.

The calculation was performed based on elementary stoichiometric ratios. It was carried
out using the MATLAB software package and included the determination of: the heating
value of natural gas (Q); the elemental composition of natural gas (C, H, O and N); the CO,
emission factor (Kcoy); the volume of combustion products (R); and the composition of
combustion products (r).

RESULTS AND DISCUSSION

Natural gas is classified as a high-quality gaseous fuel with a heating value ranging
between 27 and 39 MJ/m®, depending on the gas composition [2]. The calculation of the
heating value for the selected compositions of natural gas was based on the heating values of
the components comprising natural gas and their volumetric contents. All selected
compositions of natural gas have heating values from the middle part of this interval as shown
in Table 2. The table illustrates the influence of the total content of combustible components
(2(CnHm)) on the heating value. These values are primarily influenced by the methane content
in natural gas. Although other hydrocarbons have significantly higher heating values
compared to methane, it is evident that the dominant content of methane in the gas is crucial
for this distribution of values.

Table 2 Influence of the total content of combustible components (CH,4, C,Hs, CsHg, C4H1o and CsHiy)
on the heating value (Q) of natural gas

Natural gas NG1 NG2 NG3 NG4 NG5 NG6
2(CyHy), [VOI %] 98.80 97.38 95.85 92.85 88.10 83.90
Q, [MI/m’] 35.99 35.82 35.58 35.16 33.40 31.40

In Table 3, the results of the calculation of the elementary composition of natural gas are
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presented. The trend of changes in the ratio of hydrogen to carbon content (H/C) among the
selected compositions of natural gas aligns with the variation in methane content. This ratio
ranges from 0.330 for NG1 to 0.318 for NG6. It is evident that the differences in this ratio are
minimal regardless of significant variations in the composition of individual gases. Unlike
other fossil fuels, natural gas exhibits higher values of the H/C ratio owing to its main
component, CH,4. Consequently, it also has the lowest CO, emission factor per unit of
released heat energy (~56.1 kg/GJ) compared to other fossil fuels (63+110 kg/GJ), which
recommends it for use from an ecological perspective [9].

Table 3 Results of the calculation of the elemental composition of natural gas (C, H, O and N)
Natural gas NG1 NG2 NG3 NG4 NG5 NG6
e, [kg/m’] 0.5384 0.5439 0.5467 0.5377 0.5111 0.4821
Ou, [kg/m?] 0.1778 0.1763 0.1745 0.1712 0.1626 0.1533
Jdo, [kg/m?] 0.0029 0.0211 0.0346 0.0214 0.0200 0.0271
g, [kg/m’] 0.0125 0.0142 0.0216 0.0706 0.1313 0.1775

The CO, emission factor was calculated using the equation (1). The calculation results
presented in Table 4 indicate that the CO, emission factors for the selected compositions of
natural gas are entirely consistent with the literature data [9].

Kco, =3.67 - (gc / Q), [kg/GJ]. (1)

where: 3,67 — is the stoichiometric ratio; gc — is the mass fraction of carbon in the natural
gas [kg/m®]; Q — is the heating value of the natural gas [GJ/m®].

Table 4 CO, coefficient factor
Natural gas NG1 NG2 NG3 NG4 NG5 NG6
Kco,, [kg/GJ] 54,9 55.7 56.4 56.1 56.2 56.3

The total volume of combustion products depends on the excess air coefficient and the
composition of natural gas (combustible and non-combustible components). An increase in
the excess air coefficient (A) results in approximately linear growth in the volume of
combustion products (R) (Figure 1). Moreover, as the content of combustible components in
natural gas decreases, there is a corresponding reduction in the volume of combustion
products. This difference is particularly noticeable between NG1 and NG6 gases, where it can
reach up to a maximum of 13%. Figure 2 presents a 3D diagram demonstrating the change in
the volume of combustion products as the function of the excess air coefficient and the total
quantity of all elements (C, H, O, and N) per 1 m® of natural gas, which provides a more
comprehensive understanding of how these parameters interact.

Carbon dioxide in combustion products is primarily present as a result of the combustion
reactions of carbon-containing components, and to a lesser extent, due to its presence in
natural gas itself. With an increase in the excess air coefficient, the CO, content (rcoy) in
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combustion products decreases (Figure 3). The lowest values are obtained for gas NG1, which
has the highest total hydrocarbon content but also the lowest CO, content. Conversely, the
second lowest values are obtained for gas NG6, which, conversely, has the lowest
hydrocarbon content and the highest CO, content. It is evident that the CO, content in
combustion products depends on the ratio of CO, to hydrocarbons in natural gas, as well as
the structure of the hydrocarbons comprising the gas. Therefore, it is more reliable to analyze
the volume fraction of CO; in combustion products as a function of the mass fraction of
carbon in natural gas, as depicted in Figure 4.

e 7 xal™
9 1.02 1.04 X 1.08 108 11 117707 0T caeo !
Figure 1 Influence of the excess air Figure 2 Influence of the excess air coefficient and
coefficient on the volume of combustion the total quantity of C, H, O, and N in the gas on the
products volume of combustion products
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Figure 3 Influence of the excess air Figure 4 Influence of the mass fraction of carbon in
coefficient on the CO, content in combustion natural gas and the excess air coefficient on the CO,
products content in combustion products

The presence of water vapor in combustion products originates from the combustion of
present hydrocarbons and hydrogen, as well as from the presence of moisture in the gas. Since
H, and water vapor are not present in the selected compositions of natural gas, the presence of
water vapor in combustion products is solely a consequence of the combustion of
hydrocarbons. As the excess air coefficient increases, the water vapor content (rg20)) in
combustion products decreases (Figure 5). The obtained dependencies for individual gases are
in a decreasing sequence from gas NG1 to gas NG6, in accordance with the decrease in the
total hydrocarbon content in natural gas. This trend can be further analyzed by considering if
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the mass fraction of elemental H; in natural gas is also taken into account (Figure 6).
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Figure 6 Influence of the mass fraction of hydrogen
in natural gas and the excess air coefficient on the
H,0O content in combustion products
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The oxygen and nitrogen contents in combustion products increase with the increase in the
excess air coefficient, as depicted in Figures 7 and 8. Since O2 is not present in the selected
compositions of natural gas, its presence in combustion products (r(02)) is solely a result of
excess air. The differences between individual gases are negligible (Figure 7).
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Figure 7 Influence of the excess air coefficient on the O, content in combustion products

Nitrogen in combustion products originates partially from its presence in natural gas and
partly from the required amount of air (actual quantity) for combustion. As expected the
highest N2 contents (r(N2)) in combustion products are obtained for gases NG6 and NG5
(Figure 8), due to its relatively high content in these gases of 14.2 vol% and 10.50 vol%,
respectively. However, the distribution of values for the other gas compositions indicates that
for impact analysis, the ratio of N2 content to all other components entering the composition
of natural gas must be taken into account. Therefore, it is justified to use a 3D diagram with
the mass fraction of nitrogen in natural gas as the influencing parameter for analysis here

(Figure 9).
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products content in combustion products
CONCLUSION

Natural gas, for the selected six different compositions, falls within the category of quality
gaseous fuels with a heating value exceeding 31 MJ/m®.

The CO, emission factor per unit of released thermal energy for the selected compositions
of natural gas ranges from 54.9 to 56.4 kg/GJ, which recommends its use from an ecological
perspective compared to all other fossil fuels.

With an increase in the excess air coefficient, the volume of combustion products
increases, along with the concentrations of N, and O,, while the concentrations of CO, and
H,O decrease, across all selected compositions of natural gas. Differences between individual
gases are caused by the composition of these gases and the varying ratios of individual
components' contents.

By selecting the optimal value of the excess air coefficient, it is necessary to meet the
required process parameters while also reducing the volume of combustion products,
especially CO, and N2 (NOy), thus significantly mitigating negative environmental impacts.
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Abstract

The presence of different organic pollutants in water leads to the need to apply different technologies
and processes for their removal. Organic pollutants can cause several negative impacts on
surrounding environment, inducing detrimental effects on living beings. Fungicides represent one of
the biggest groups of crop protective agent with increased yearly consumption, frequently ending up
in non-target organisms. Therefore, aim of this study was to determine the possibility of using two
synthesized nanocatalysts Ag-P25 and Ce-P25 in several consecutive removal cycles of present
pollutant in water. Catalysts were applied in process of photocatalytic degradation of fungicide
thiophanate-methyl at atmospheric conditions. After each irradiation cycle, catalysts were collected,
rinsed, dried, and applied in upcoming operational run. Fabricated catalysts were also likened to
starter TiO, material. After fifth cycle, FTIR and XRD characterization techniques were used for
proving stability of materials. Obtained results show that Ce-P25 possesses (98%) better stability than
Ag-P25 (96%), but base TiO, (99%) has the best stability and efficiency after second cycle. Gathered
findings can open a new way of employing photocatalysis as a process for treatment of polluted waters
from various industries.

Keywords: photodegradation, catalysts, stability, water treatment, environmental protection.

INTRODUCTION

The main causes of contamination of water are natural disasters, industrialization,
agriculture, inadequate sewage treatment systems, and inadequate supply water treatment
plants. The initial factor contributing to water pollution is industry. In the course of industrial
production, a variety of dangerous substances, both organic and inorganic, may be emitted
into the environment. Water pollution will be outcome because of pollutants releasing into
aquatic ecosystems without sufficient treatment [1], inducing negative impact on the
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environment. In addition, intensive agricultural production led to the need for increased
production of various preparations for crop protection.

One of the most abundant contaminants is pesticides. Pesticides can negatively affect an
organism’s health by contaminating water and entering food chain. When pesticide usage and
health life expectancy data were compared, it was discovered that for every ten percent rise in
consumption of pesticides, the medical disability index for people over 65 increased by 1%
[2].

Different methods for pesticides elimination from water can be used [3]. However, the
problem of pesticide removal from water is being initiated and clarified by the current
treatment procedures, which combine physical, chemical, and biological processes. Every
treatment method has “pros and cons” of its own, ranging from capital and operating expenses
to environmental impact, operability, dependability, efficiency, pre-treatment needs, and the
creation of hazardous byproducts and sludge [4].

Therefore, it is necessary to employ novel techniques so-called advanced oxidation
processes (AOPs), where photocatalysis has a special place. Photocatalysis represents
complex redox reactions, where pollutant in system is decomposed by interaction of different
types of irradiation with the catalysts surface with generation of h*/OH" species [5].

The aim of this paper was to apply synthesized photocatalysts Ag-P25 and Ce-P25 in
consecutive photocatalytic processes for degradation fungicide thiophanate-methyl under
simulated sunlight radiation. The changes in concentrations with time were monitored with
the aim to determine which catalyst has better performance after each operational cycle.
Fabricated materials were structurally investigated by Fourier-transform infrared spectroscopy
(FTIR) and X-ray powder diffraction (XRD) techniques to observe possible changes in the
structures of fabricated materials and determine their stability.

MATERIALS AND METHODS

Complete experimental procedures are shown in paper by Jovanovic et al. [6]. Shortly,
photocatalytic tests were conducted under simulated sunlight by changing photocatalysts at an
initial concentration of thiophanate-methyl 5 mg/dm®. The amount of catalysts in reactions
was 70 mg/dm?, as it gets the best results in degradation. Fungicide standard of thiophanate-
methyl (Figure 1) was obtained from Chemical Agrosava.

O S
\OXNJ\NH

H N. N 0O
@”YY\
s o

Figure 1 Thiophanate-methyl
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Catalysts were gathered, washed 2 times with ethanol and two times with deionized water,
dried at 80°C, and utilized for the next operating run following each irradiation cycle.
Pollutant concentration was determined by UV spectrometry (Shimadzu UV-1800).

For determination of different nanomaterials present on the surface of base TiO,, X-ray

diffractometer Philips 1050 with Ni-filtered Cu Ko radiation and FTIR spectrophotometer
Nicolet iS10 were applied.

RESULTS AND DISCUSSION

The consistency and longevity of the synthesized catalysts were tested in five consecutive
cycles at optimal operating conditions, and the results are visually presented in Figure 2.
Fabricated materials were compared with starter TiO, P25 photocatalyst (P25 in further text).

P25

100

90 +
80
70
60
50

40 -

Efficiency (%)

30 +
20 +

10

T
I

Operation cycle
Figure 2 Exploitation cycles of P25, Ag-P25 and Ce-P25 photocatalysts assuming ideal processing
parameters (5 mg/dm? of TPM and mass of catalyst: 70 mg/dm?)

The degradation efficiency of the applied catalysts is shown to decrease slightly after the
third reaction cycle, from 100% to 90%, which indicates an enhanced stability due to strong
bonds between the P25 surface and Ag,O and CeO, deposits. No leaching of silver and
cerium was detected in the washing solution. After the fifth cycle, the catalyst activity was
reduced to 80%. The obtained result suggests that Ce-P25 has slightly better stability than Ag-
P25, while P25 has greater stability than both. Figure 3 presents XRD (Figure 3a) and FTIR
(Figure 3b) scans of the tested photocatalysts after the fifth cycle of employment. The applied
characterization techniques showed that the prepared photocatalysts possess good mechanical
resistance under experimental conditions enforced during photocatalytic assays.
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Figure 3 Structural characterization of photocatalysts after the fifth employment cycle

The structural investigation of these materials after the fifth cycle of operation shows the
stability and durability of the obtained photocatalysts. No phase changes were observed in
Figure 3a. This result approves the firmness of prepared materials under operational
conditions. In the FTIR spectrum, in Figure 3b, a broad bond vibration was observed at
3000-3400 cm™, which is a consequence of the binding of water molecules. Another change
was observed at 1470 cm™, slightly decreased intensity of the peak originating from the
Ag-TiO, interaction. This is the possible reason for the lower activity of the Ag-P25
photocatalyst in contrast to Ce-P25.

CONCLUSION

Photocatalysis as a process for wastewater treatment is showing good results. Applied
photocatalysts have shown great efficiency toward thiophanate-methyl degradation.
Photocatalyst Ce-P25 shows the best results in the aim of degradation efficiency, while, base
TiO, possesses the best stability. The stability of fabricated was reduced after each
operational cycle, which is expected since the bonds within the materials weaken over time.
Further improvements in this process should be reflected in the synthesis of cheaper catalysts.
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Abstract

The conducted research aims to explore the intricate relationship between the physicochemical
properties of groundwater and its microbiological composition within the selected wells of the
Danube alluvial zone. The study aimed to determine levels of physicochemical and microbiological
composition, as well as their involvement in various transformation processes, allowing insights into
the groundwater potential for specific transformations. Although groundwater is commonly viewed as
a reliable water source, its slow flow in certain conditions allows pollutants to persist once they
infiltrate, posing potential risks to its safety for consumption. Hence, conducting a comprehensive and
meticulous analysis becomes crucial to evaluate its suitability for diverse purposes and to establish
the necessary construction standards for sustainable utilization. The obtained results have shown that
the Danube alluvium exhibits significant biochemical diversity, which, along with changes in the
concentration of redox-sensitive species, suggests dynamic hydrochemical and microbiological
oxidation-reduction processes that can affect the primary quality of infiltrated Danube water in
various ways.

Keywords: groundwater, BART tests, quality, wells.

INTRODUCTION

Microorganisms play a crucial role in groundwater ecosystems by facilitating key
biogeochemical processes such as carbon and nitrogen cycling, as well as the natural
breakdown of contaminants [1]. Rather than acting independently, various functional groups
of microorganisms interact synergistically to orchestrate these processes. Aquifers provide
extensive and complex environments that host a wide array of microbial communities [2]. In
this study, the current microbial biodiversity of analysed groundwater with known
compositions in the Danube alluvium is evaluated. The potential of modern techniques to
deepen our comprehension of microbial biodiversity patterns and their correlation with
environmental conditions was also explored. In 2021, a sampling campaign was carried out
for seven wells located within the Danube alluvium, specifically within the zones of hydro-
technical facilities B-1, B-2, B-3, B-4 near settlement Vinci, and B-10, B-13, and B-15, near
the settlement of Veliko Gradiste in Serbia. Physico-chemical and microbiological analyses
of the water quality were conducted using standard procedures and methods.
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MATERIALS AND METHODS

Sampling was performed in accordance with SRPS EN ISO 19458:2009, Water Quality -
Sampling for Microbiological Analysis, and according to instructions on sampling methods
and laboratory analysis based on the Standard Methods for The Examination of Water and
Wastewater, 21% Edition (2005). Microbiological samples were collected in sterile 500 mL
bottles using a sterile metal sampler equipped with a cord. They were transported in handheld
refrigerators maintaining a controlled temperature of <10°C and processed within the
standard prescribed timeframe. Determination of the microbiological status and quality of
groundwater was carried out by simultaneous application of five types of biological activity
reaction tests (BART tests). The purpose of these investigations was to determine the
presence and biochemical diversity, aggressiveness, and population size, primarily of
indigenous bacterial groups [1,5]. The following BART tests were applied: IRB BART tests,
for the detection of iron-associated bacteria (“iron bacteria™) and some enteric species that
can deposit iron; SLYME BART bio-tests, for detecting a wide range of bacteria that produce
extracellular polymeric substances and are mostly biofilm-forming, including enteric and
opportunistic pathogenic fluorescent Pseudomonas species; SRB BART bio-tests, for the
detection of sulfate-reducing bacteria that generate biogenic H,S and cause localized
corrosion; HAB BART bio-tests, for detecting a wide range of heterotrophic aerobic and
facultatively anaerobic bacteria that are integral parts of biofilms and contribute to
biocorrosion and biofouling processes, whose excessive abundance can compromise water
quality through turbidity, changes in the organoleptic properties of raw water, and may pose a
risk to public health. DN BART bio-tests, for the detection of denitrifying bacteria and the
aquifer's potential for denitrification (nitrate removal). The results of BART analyses were
processed using BART-SOFT V.6 software [1]. Based on the type and timing of appearance
of signature reactions it enabled a determination of consortia and estimation of the abundance
and aggressiveness of detected bacterial groups.

RESULTS AND DISCUSSION
The results of physicochemical analyses

The gained results are presented in Table 1. The dissolved oxygen (DO) was determined
by in situ measurements and ranged from 2.03 mg/l to a 3.91 mg/l. The dissolved oxygen
levels suggest that the examined groundwater was oxidized at the time of measurement,
indicating the potential for aerobic oxidation of organic matter and other reduced chemical
species. This process can be mediated through both chemical and microbiological means. The
values of the redox potential, ranging from 363 to a maximum of 459 mV, suggest that
oxidative processes likely dominate in the zone of the investigated objects. Electrolytic
conductivity varied within a slightly broader range of oligosalinity, from a minimum of
362 puS/cm in B-4 to a maximum of 583 uS/cm in B-3. pH values were measured within a
range of slightly basic values from 7.16 to 8.49. The observed concentrations of ammonium
ions were increased, up to 1.36 mgN/L. The presence of nitrites and nitrates can indicate
unfolding of nitrification processes and oxidation of ammonium ions. The organic carbon
levels were slightly elevated, suggesting potential impact from organic pollution. This may be
attributed to the presence of high numbers of aerobic heterotrophic bacteria, which utilize
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organic carbon as an electron donor. Consequently, there is a potential health risk due to the
possible presence of pathogenic bacterial species. Additionally, determined certain content of
divalent iron and oxygen at the same time of measurement suggests imbalance and
disequilibrium of redox-sensitive species (redox states) due to artificially introduced oxygen,
possibly because of lowering the static level or depression cone. A wide range of sulfate
concentration values from a minimum of 3.33 mg/l in B-1 to a maximum of 30.03 mg/l,
33.45 mg/l and 34.30 mg/l in B-10, B-13 and B-15, respectively, suggests intensive microbial
processes of sulfate reduction as well as oxidation of ferrous sulfide with nitrate reduction.
Lack of sulfides may be attributed to rapid reaction with dissolved divalent iron (insoluble
ferrous sulfides - black precipitates) and consequently precipitation from the water phase.
The B-10 is characterised by the highest groundwater level and consequently highest redox
potential.

Table 1 Examined groundwater quality — selected parameters

Sampling site : BL B2 B3 B4 BI10 B13 BI5
Parameter Unit

pH 7.16 7.23 7.62 7.53 8.08 8.49 8.2
Ec puS/cm 499 488 583 362 437 402 476
Eh mV 3715 3942 363 3899 458.7 4143 406.6
DO mgO,/I 25 359 375 296 2.03 3.91 2.49
The consumption of KMnO, mg/l 8.89 9.05 851 1684 6.71 4.52 5.93
NH, mgN/I 136 072 102 014 097 0.06 0.14
NO, mgN/I 0.006 0.054 0.038 0.028 0.01 <0.005 0.011
NO; mgN/I 015 081 062 283 <0.05 0.63 <0.05
Cl mg/I 176 1744 1749 1107 1685 1648 16.69
SO, mg/l 3.33 155 1835 2547 30.03 3345 343
OP mgP/I 0.218 034 0.08 0.262 0.068 0.019 0.009
H,S mg/I <0.04 <0.04 <0.04 <0.04 0.12 <0.04 <0.04
TDS mg/I 322 302 360 243 233 213 241
Total hardness mg CaCO4/l 2224 2334 2754 151.3 2188 2029 189.1
TOC mg/I 2.48 1.98 3.8 3.89 1.96 1.16 12
Iron (I1) mg/I 0.72 0.4 0.21 0.26 1.35 0.32 0.12
Iron mg/I 2.77 5.42 0.72 0.3 30.44 7.26 0.46

Compared to the prescribed values set by the Regulation on the Hygienic Potability of
Drinking Water (“Official Gazette of the FRY”, No. 42/98 and 44/99, and “Official Gazette
of the Republic of Serbia”, No. 28/2019) [4], the concentrations of ammonium, nitrites, iron,
and manganese exceeded the permissible limits. Figure 1 and Figure 2 present the values of
selected parameters.
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Figure 1 The measurement of oxygen levels and redox potential in groundwater

mmmm Dissolved oxygen mgQ2/! e Nitrates mgN/|
m— Ammonium mgh/l -4~ Total organic carbon (TOC) mg/| 45

—a— Sulfates mg/|

A38 A 3.89

B-1 B-2 B-3 B-4 B-10 B-13 B-15

Figure 2 The content of redox-sensitive chemical species and total organic carbon in groundwater

The results of the BART (Biological Activity Reaction Test) testing of groundwater

The community structure is depicted in Figure 3 as relative abundance, represented in
percentages, with highlighted color-coded tested groups. Based on the obtained results, it can
be concluded that the groundwater within examined objects exhibits similar biochemical
diversity and very high abundance of aerobic and facultatively anaerobic, heterotrophic
bacteria and bacteria producing extracellular polymers, i.e., biofilm-forming groups. In all
samples, a uniform population of sulfate-reducing bacteria was observed, with their
aggressiveness (biochemical activity) assessed as high as 6000 cfu/ml. Due to the detection of
denitrifying bacteria in four examined objects, it is recommended to continuously monitor
faecal indicator bacteria groups, particularly the presence of Pseudomonas species
(Pseudomonas aeruginosa), at these sites.
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Figure 3 The structure of the bacterial community in examined groundwater

The determined biochemical diversity of the examined prokaryotic community in the
groundwater alluvium of the Danube, besides the potential risk for the development of
biofouling and biocorrosion processes on hydraulic elements, indicates a high potential for
the removal of various pollutants. These pollutants are successfully degraded by aerobic and
facultative anaerobic heterotrophic bacteria depending on prevailing conditions, as well as
conditions of sulfate reduction, denitrification, and iron reduction.

For example, during the biodegradation of petroleum hydrocarbons, soil and groundwater
microorganisms utilize oxygen (O,), nitrate (NO3"), iron oxides [e.g., Fe(OH)3], and sulfate
(SO4?) as electron acceptors to degrade petroleum hydrocarbons to CO, and H,O through
aerobic and anaerobic degradation [denitrification, iron (Ill) reduction, sulfate reduction,
methanogenesis]. When these transformations occur, relevant geochemical indicators (e.g.,
NOs;, SO,%, CHs) will change accordingly, which can demonstrate the respective
biodegradation mechanisms.

CONCLUSION

Groundwater abstracted through hydraulic structures installed parallel to rivers, tapping
adjacent aquifers for water production purposes, is widely utilized in a significant proportion
in most European countries and certain regions of North America. The principle of bank
filtration involves various physical, chemical, and biochemical processes and is particularly
known for effectively reducing and/or removing suspended solids, organic pollutants,
pathogenic microorganisms, heavy metals, nitrogen, toxic algae, as well as trace organic
compounds (e.g., pharmaceuticals), compounds causing salinity, taste, and odor. Depending
on hydrogeological conditions, redox status, and microbiome composition with their
metabolic capabilities, the potential for the existence or biodegradation of various pollutants
can be inferred based on biochemical indicators and chemical redox-sensitive species to
protect and preserve the quality of groundwater in the vicinity of large rivers.
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Abstract

Novel photocatalytically active polyphenylacetylene-stabilized multi-walled carbon nanotubes/zinc
oxide (PPhA-MWCNTSs/ZnO) hybrid dispersions in dimethylacetamide were prepared and then used
for impregnation of cellulosic filter paper substrate. ZnO was prepared by plant extract — mediated
synthesis. Attenuated Total Reflectance Fourier-transform Infrared (ATD FT-IR) Spectroscopy,
Scanning Electron Microscopy (SEM) and Energy Dispersive Spectroscopy (EDS) analyses were used
to establish the structure, morphology and composition of the hybrids. The potential of the prepared
hybrid materials to degrade methylene blue (MB) dye as a model contaminant in aqueous solutions
under UV illumination was studied. PPhA-MWCNTs/ZnO demonstrated a higher photocatalytic
ability for MB degradation (59%) than PPhA-MWCNTS (53%).

Keywords: polyphenylacetylene, carbon nanotubes, zinc oxide, green synthesis.

INTRODUCTION

Multi-wall carbon nanotube - based composite materials have attracted attention due to the
unique structural and electrical properties of carbon nanotubes and their specific interactions
with different functional polymer matrixes. MWCNTSs possess good electron conductivity,
large surface areas, high adsorption capacities, and charge/size ratio, and can be relatively
easy fabricated in an industrial scale. MWCNTSs are widely used as effective support and as
dopants in semiconductor nanocomposites for photoelectrochemical and photocatalytic
applications [1,2]. Zinc oxide is environment-friendly and inexpensive n-type semiconductor
having direct band gap of 3.3 eV as a pristine form [3]. Poly(phenylacetylene)s could be
regarded as a special class of aromatic conjugated polymers. PPhA’s and their hybrid
materials show highly advanced functions toward sensors and actuators [4].

The present study aims at preparation, physicochemical characterization and
photocatalytic investigations of novel polyphenylacetylene-stabilized multi-walled carbon
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nanotubes/zinc oxide hybrid material for degradation of methylene blue dye (MB), as a
contaminant in aqueous solutions, under UV irradiation.

MATERIALS AND METHODS
Materials

N,N-Dimethylacetamide (p.a., >99.5% ((GC) as a solvent, Timestub™ -Graphitized Multi-
walled Carbon nanotubes, TNGM3, Purity: >99% OD: 10-20 nm Length: 5-30 pum
SSA:>80 m%g, 1-phenyl-1-propyne (Alfa Aesar), isobutyraldehyde (Alfa Aesar),
1,2-dichloroethane, MgyFes«O4 (x=0.5) catalyst, Zn(NOs3),-6H,O (Valerus Co.), NaOH
(Valerus Co.) and Vaccinium vitis-idaea L (dried leaves).

Preparation of polyphenylacetylene-stabilized multi-walled carbon nanotubes/zinc
oxide hybrid materials

Oligomeric polyphenylacetylene was synthesized by carbonyl-olefin metathesis reaction
described in our previous work [5]. Mixing dilute solution of conjugated PPhA and MWCNTS
with or without ZnO nanoparticles in an appropriate organic solvent afforded polymer-
wrapped MWCNTSs and MWCNTSs/ZnO dispersions. Two kinds of dispersions were prepared,
namely: PPhA-MWCNTs and PPhA-MWCNTs/ZnO. In a typical synthetic procedure, 1 mg
of PPhA was dissolved in 10 ml of dimethylacetamide and then 10 mg of MWCNTSs were
added and a 30 seconds ultrasonication treatment was applied till the stable dispersion was
obtained. We assume that the stabilization was achieved through the spontaneous wrapping
the conjugated PPhA chains round the MWCNT, which was driven by n-n interactions of the
PPhA skeleton.

Additionally, ZnO nanoparticle powders were prepared by green synthesis using plant
extract of Vaccinium vitis-idaea L. and further used in the preparation of mixed hybrid
dispersion PPhA-MWCNTs/ZnO (1:1 wt./wt.). The final concentration of both MWCNTSs and
ZnO was 1 mg/ml. Next, the obtained hybrid dispersions were used for surface impregnation
of cellulosic filter paper substrate.

Physicochemical characterization

The surface morphology of the samples was investigated with scanning electron
microscopy using Zeiss Evo 10 microscope (Carl Zeiss Microscopy, Oberkochen, Germany).
The photographs were taken in secondary electrons mode with accelerating voltage of 25 keV
and no conductive coating on the samples. The chemical composition of the surface was
studied with electron dispersive spectroscopy probe Oxford Ultim Max 40 (Oxford
Instruments, Abingdon, United Kingdom). The results were compiled with AZtec software
(version 6.1 HF4).

Attenuated total reflection Fourier transform infrared spectroscopic analysis was
performed on an IR Affinity-1 spectrophotometer (Shimadzu, Kyoto, Japan) equipped with a
MIRacle ATR accessory (diamond crystal, depth of penetration of the IR beam into the
material is 2 um).
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Photocatalytic tests

The photocatalytic degradation of aqueous solution of Methylene Blue dye with
concentration of 5 ppm was studied in semi-batch slurry reactor using prepared
PPhA-MWCNTs and PPhA-MWCNTs/ZnO as catalyst and 20 ml of dye solution under
constant stirring and air flowing. The photocatalytic tests were carried out using UV-Vis
spectrophotometer UV-1600PC in the wavelength range from 200 to 800 nm (Amax=664 nm)
and a polychromatic UV-A lamp illumination (18W) with maximum of the emission at
365 nm and intensity of illumination was 0.66 mW/cm?. The investigated systems were left in
the dark for about 30 min to reach adsorption-desorption equilibrium state before switching
on the UV irradiation for 3 hours. Periodically the sample aliquots were taken from the
solution. The degree of dye degradation was calculated using the dependence:
((Co-C)/Cp)-100, where Co and C were initial concentration before turning on the illumination
and residual concentration of the dye solution after illumination for selected time interval.

RESULTS AND DISCUSSION

FT-IR spectroscopy was performed to assess the quality of synthesized materials and the
presence of functional groups. The FT-IR spectra were plotted in the range of 650—4000 cm ™
(Figure 1). The presence of aliphatic fragment is suggested by the aliphatic C-H stretching
bands at 2800-3000 cm™ accompanied by the aromatic C-H stretching band just above
3000 cm™. In the FT-IR spectra of PPhA-MWCNTs and PPhA-MWCNTS/ZnO were
observed peaks at about 1270 cm * and 1710 cm ™ attributed to the carboxylic group (C-O and
C=0). The peaks about 1200 cm* and 1020 cm* are related to the C-H and 1550 cm " to the
C=C. These bands are characteristics of carbon nanotubes [6].

PPhA-MWCNTs/ZnO

wmw%z‘ C-H ﬁdgmwvvhﬂy )
c=0 °=¢ “J‘ “ \

|
|
|

MWCNT

Absorbance, a.u.

4000 3500 3000 2500 2000 1500 1000 500
PPhA-MWCNTSs

© -w‘(":l‘“ A ‘kll | M{“
- C-H "
()]
<
@®© C=0 C=C
‘E Ry==C—C=0
o R
7] 1
Q0
< R=H.Ry=Ph. Rs= (CHy)CH ‘
PPhA MWCT

4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers, cm’”
Figure 1 ATR FT-IR analysis of prepared PPhA-MWCNTs and PPhA-MWCNTSs/ZnO hybrids

278



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Figure 2 shows selected SEM images and EDS spectra of the synthesized PPhA-MWCNTSs
and PPhA-MWCNTSs/ZnO hybrid materials. The EDS spectra show the presence of C and O
for PPhA-MWCNTs and C, O and Zn peaks for PPhA-MWCNTs/ZnO, without other
elemental contaminations. The EDS results of synthesized PPhA-MWCNTs and
PPhA-MWCNTSs/ZnO hybrid materials are presented in Tables 1 and 2. The SEM observation
of cellulose substrate impregnated with PPhA-stabilized MWCNTs showed well-dispersed
unbundled (individual) carbon nanotubes, as shown on Figure 2A. This is an indication of
strong m-m interactions of the surface wrapped PPhA macromolecules on the surface of the
CNTs. The SEM image (Figure 2B) showed the presence of needle-like shaped ZnO
nanoparticles which formed aggregates deposited onto the CNTs cellulose impregnated layer.
A similar observation for pristine ZnO NPs obtained by phyto-mediated synthesis using
Berberis aristat plant extract was reported by Chandra et al. [7].

Figure 2 A) and B) SEM images; C) and D) EDS spectra of prepared PPhA-MWCNTSs and
PPhA-MWCNTs/ZnO hybrids

Table 1 EDS results of synthesized PPhA-MWCNTSs hybrid materials

Element Line Wit.% Atomic %
C K series 55.72 62.63

O K series 44.28 37.37
Total 100.00 100.00

Table 2 EDS results of synthesized PPhA-MWCNTSs/ZnO hybrid materials

Element Line W1t.% Atomic %
C K series 60.60 68.19

0] K series 37.10 31.34

Zn K series 2.30 0.48

Total 100.00 100.00
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Figure 3 A) The concentration ratio C/Cy; B) Degree of degradation of Methylene Blue dye with time

of UV illumination

The reaction of photocatalytic degradation of MB dye was carried out using synthesized
PPhA-MWCNTs and PPhA-MWCNTSs/ZnO hybrids as photocatalysts under UV light. Figure
3 A and B presents the concentration ratio C/Cy and degree of degradation of MB as a
function of the UV irradiation time. The photocatalytic tests revealed that
PPhA-MWCNTSs/ZnO photocatalyst has higher photocatalytic ability for degradation of MB
compared to PPhA-MWCNTSs. The degree of degradation of MB after 180 minutes UV
irradiation using PPhA-MWCNTs/ZnO and PPhA-MWCNTSs hybrid materials were 59% and
53%, respectively. The enhanced photocatalytic activity of PPhA-MWCNTs/ZnO could be
explained with interfacial connection between the ZnO and the conjugated polymer wrapped
MWCNTSs, the photo-generated electron of the conduction band of ZnO is transferred to good
electron acceptor (MWCNTS) and the photo-generated holes remain on the surface of ZnO.
Therefor the recombination rate of the photo-generated electron and holes slow down [8].

CONCLUSION

New polymer hybrid photocatalysts, based on metathesis synthesized oligomeric
polyphenylacetylene as steric stabilizer of multi-walled carbon nanotubes/plant extract
synthesized zinc oxide, were successfully prepared and characterized. The
PPhA-MWCNTs/ZnO demonstrated higher photocatalytic ability to degrade MB dye (59%
degradation) in comparison with PPhA-MWCNTSs hybrid materials (53%) after 180 min UV
irradiation.
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Abstract

The equilibrium analysis of the copper ions biosorption process using hazelnut shells as a biosorbent
is presented in this paper. The experimental data were analyzed using the non-linear forms of three
empirical isotherm models, namely the Langmuir isotherm model, the Freundlich isotherm model and
the Temkin isotherm model. The performed analysis indicated that the Temkin isotherm model was the
best fit for the analyzed data (R?=0.9847). The equilibrium analysis also showed a negligible
difference between the experimentally obtained (Qeep) and model calculated (Q.n) biosorption
capacities, which indicates that the hazelnut shells are almost completely saturated with copper ions.

Keywords: equilibrium analysis, biosorption, isotherm models, hazelnut shells, copper ions.

INTRODUCTION

Some heavy metals are biologically significant as trace elements. However, their toxic
effect on living organisms makes them an environmental problem. Years of scientific research
indicates that these metals are released into the environment by natural and anthropogenic
sources. The most common between them are mining and industrial activities, along with
traffic exhaust fumes [1].

Water pollution is one of the biggest environmental problems today. Many industries, such
as metallurgy processing plants, metal finishing plants, electronic industry, electroplating,
phytopharmaceutical plants, and many others, release heavy metals along with their
wastewaters, polluting the environment [2].

Wastewaters are being treated using the well known conventional technologies, in order to
remove heavy metals. These treatments include: aeration, flotation, coagulation and
flocculation, adsorption, ion-exchange, membrane processes, electrochemical methods, and
others. However, these conventional methods come with certain disadvantages, including:
high cost, continuous input of chemicals, incomplete metal removal, sludge generation, and
others. Biosorption could be one of the possible alternatives to conventional methods for
wastewater treatment, especially those with low heavy metal ions content [3,4].
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Many biological waste materials, such as agrigultural waste, fungi, algae, peat and yeasts
have been tested as potential adsorbents for heavy metal ions adsorption from water solutions
[5].

Adsorption isotherm models are mostly used in order to obtain information about the
process mechanism, as well as the maximum biosorption capacity. Many empirical models
can be used to describe the biosorption process [6].

In this work, the equilibrium of the biosorption of Cu?* ions using hazelnut shells as a
biosorbent was modelled using the non-linear Langmuir, Freundlich and Temkin adsorption
isotherm model, as models most frequently used in literature.

MATERIALS AND METHODS

Prior the biosorption experiments, hazelnut shells were ground and sieved on a set of
laboratory sieves, and the fraction (-1+0.4) was used for the biosorption equilibrium
experiments.

The equilibrium data was obtained by bringing into contact 0.5 g of hazelnut shells with
50 mL of synthetic solutions of different Cu®* concentrations, ranging from 5 to 200 mg dm™.
The suspension was stirred on a magnetic stirrer for 60 minutes, considering this time long
enough to reach the equilibrium between phases [4], then filtered, and the filtrate analysed for
the remaining copper ions content.

RESULTS AND DISCUSSION

Biosorption isotherm for copper ions biosorption onto hazelnut shells

The obtained experimental equilibrium data is shown on Figure 1.
1.4 -
1,2
1,0 4
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de. Mg g’
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Figure 1 Biosorption isotherm for copper ions biosorption onto hazelnut shells
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Langmuir model

The Langmuir adsorption isotherm model is based on the assumption that the biosorption
process occurs in a monolayer, at a finite number of definite localized sites [7].

This model can be expressed as:

_quLCe

= 1
% 1+K C, @)

where C. is the equilibrium concentration of metal ions (mg dm™), e is the equilibrium
adsorption capacity (mg g™*), qm is the maximum adsorption capacity (mg g™) and K. (dm* g™)
is the Langmuir equilibrium constant.

The non-linear Langmuir model analysis of copper ions biosorption onto hazelnut shells is
shown on Figure 2. The obtained model parameters are given in Table 1.

Freundlich model

The Freundlich isotherm model is used to describe adsorption on heterogeneous surfaces.
This model can describe adsorption processes in a limited range of concentrations [7].

The Freundlich adsorption isotherm model can be expressed as:
g =KC" )

where C, is the equilibrium concentration of copper ions in the solution (mg dm™); g is the
adsorbent capacity defined as mass of the adsorbed metal per unit mass of the adsorbent
(mg g) at equilibrium; K is the Freundlich equilibrium constant ((mg g*) (dm* mg™)*™), and
1/n is the coefficient of heterogeneity in the Freundlich adsorption isotherm equation.

The non-linear Freundlich model analysis is shown on Figure 2. The obtained model
parameters are given in Table 1.

Temkin model

This model is based on the assumptions that the heat of sorption of all molecules linearly
decreases with the coverage of the adsorbent, which is conditioned by adsorbent-adsorbate
interactions, and (2) there is a uniform distribution of binding energies up to some maximum
binding energy [8].

The Temkin model is given as:

g, =BIn(K;C,) (3)

where B = RT/b is the Temkin constant, which refers to the adsorption heat (J mol™);
b is the variation of adsorption energy (J mol™); R is the universal gas constant (J mol™® K™);
T is the temperature (K); Ky is the Temkin equilibrium constant (dm® g™); ge is the adsorption
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capacity defined as mass of the adsorbed metal per unit mass of the adsorbent (mg g™*) at
equilibrium; Ce is the equilibrium concentration of copper ions in the solution (mg dm™).

The analysis of the experimental data using the non-linear Temkin model is shown on
Figure 2. The isotherm model parameters are given in Table 1.
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E’ 1 —— Langmuir model
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= Temkin model
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Ce mg dm™
Figure 2 Non-linear adsorption isotherm models for copper ions biosorption onto hazelnut shells

Table 1 Obtained equilibrium parameters for the non-linear Langmuir, Freundlich and Temkin
isotherm models for copper ions biosorption onto hazelnut shells

Langmuir Freundlich Temkin
KL Oexp Om 2 2 B Kt 2
dm*mg® mgg' mgg* R Ke n R Jmol* dmig? R

0.067 1244 1324 0935 0367 0.244 0916 0.215 1.936 0.985

Based on the results given in Table 1, it can be concluded that the Temkin adsorption
isotherm model shows the best agreement with the experimental data (R?=0.9487), and is the
best model for describing the equilibrium of the biosorption of Cu®* ions onto hazelnut shells
in the observed concentration range. This result indicates that the heat of sorption of all
molecules linearly decreases with the coverage of the adsorbent, and that there is a uniform
distribution of binding energies up to some maximum binding energy [8].

CONCLUSION

Hazelnut shells were used as a biosorbent, in order to remove copper ions from synthetic
aqueous solutions. The process equilibrium was analysed using three non-linear isotherm
models, i.e. the Langmuir, the Freundlich and the Temkin adsorption isotherm model. The
obtained results indicate that the Temkin adsorption isotherm model is the best fit for the
analysed process, with the correlation coefficient R?=0.9487. This model indicates that the
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heat of sorption of all molecules linearly decreases with the coverage of the adsorbent, and
that there is a uniform distribution of binding energies up to some maximum binding energy.
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Abstract

This paper presents the calculation of required amount of calcium oxide (CaO) for neutralization the
mine water, accumulated in the abandoned open pits of the copper mine. This water represents a
resource that can be reused in the mining activities after treatment. Calculation of calcium hydroxide
consumption on a daily basis for converting the metal ions (Fe, Cu and Zn), dissolved in mine water
into an insoluble hydroxide form and increasing the pH value, is given in relation to their flow and
mass of CaO needed to neutralize 1 m® of water.

Keywords: mine wastewater, neutralization, calcium oxide.

INTRODUCTION

There is accumulation of large amounts of water at the inactive open pits of the copper
mine, which most often come from atmospheric precipitation, underground water, water from
the surrounding catchment areas and water from rock cracks [1]. The chemical composition of
this water depends on the mineralogical and chemical composition of the ore deposit. Due to
the long-term effect of accumulated water on this material, this water is characterized by the
specific physical and chemical properties such as a low pH value between 2-3, a high content
of dissolved iron, sulfates and heavy metals [2,3].

Acid mine water treatment technologies include the precipitation methods of metal
hydroxide precipitation with lime milk, the process of precipitation the metal sulfides present
in water, the return sludge method (HDS) and biological oxidation methods.

Probably the most conventional and widely used method of wastewater treatment is
neutralization. By increasing the pH value of waste water by addition of li me milk, metals
will settle in the form of metal hydroxides and form sludge [4,5].

The choice of wastewater treatment process is the key to designing a wastewater treatment
system. It is directly related to the requirement for water quality after treatment, requirement
for stable and reliable plant operation, adequately trained personnel and level of investment
and operating costs.

The wastewater treatment process should be carefully selected according to the wastewater
quality, output water requirements, degree of treatment, local temperature, engineering
geology, surrounding environment and other conditions, and at the same time the economic
factors must be considered.
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MATERIALS AND METHODS
Calculation of the CaO consumption for the mine water neutralization

For the process of chemical treatment the mine water, a process of neutralization with a
10% lime mile suspension is provided, which is prepared by mixing the calcium oxide (CaO,
quicklime) and water in a certain ratio. In order to obtain the lime milk of a defined
concentration, it is necessary to dissolve quicklime in water at a certain speed, defined by the
procedure for preparation the lime milk and depends on the amount used for dissolution.

Quicklime consists primarily of calcium oxide and is produced from limestone in a process
known as calcination:

CaCOg (calcium carbonate) + heat — CaO (calcium oxide) + CO, 1 (gas) 1)

During the preparation of lime milk, the following properties of CaO should be taken into
account: type, purity, reactivity, particle size. The type of CaO affects the speed of its
conversion into the form of Ca(OH),. Purity represents the amount of quicklime that is
chemically available as calcium oxide (CaO) and it affects the reactivity and determines the
purity of hydrated lime product. The purity of commercially available quicklime that will be
used for calculation is with a calcium oxide content of approx. 70%. Reactivity describes the
relative capacity of quicklime to react chemically with water. Reactivity is a function of
purity, particle size, and other factors such as particle porosity. The quenching reaction of
CaO is considered complete when the temperature of a given sample reaches a maximum. As
the reactivity increases, so does the quenching rate, ultimate temperature rise, and specific
surface area of hydrated lime. The mass concentration of 10% lime milk is defined as the ratio
of the mass of water to the mass of quicklime. This ratio does not include dilution water or
process water, which may be added to lime milk after its preparation.

The starting data used for calculation are:

—  Mine water flow Q = 5000 m*/day,

—  Mass of CaO for mine water neutralization of 1 m*: 1.5 kg,
—  Mass of CaO for daily flow of 5000 m*/day is 7.5 t/day,

—  Coefficient of increased consumption: 1,

—  Specific density H,0, p: 1000 kg/m®

Calculation of the required volume of water to prepare 10% lime milk:

Mcgo 100 7.5+100 3
VHZO - %_ MCaO - 10 - 75 - 675% (1)

Calculation of lime consumption is based on real data on the quality of waste water that
will be treated in the waste water treatment plant given in Table 1 and requirements for the
output water quality given in Table 2. The concentrations of elements that are present in the
mine water and are lower of 1 mg/L were not taken into account during the calculation.
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Table 1 An example of chemical composition of accumulated mine water in an inactive open pit

Element Zn Cd Cr Cu Ni Fe Pb As Hg
mg/l 1282 0.12 0.06 2956 0.62 149.28 0.16  <0.020 <0.0005

Table 2 pH value of accumulated mine water before and after neutralization

Water Parameter Value

Mine water before neutralization pH 2.0-3.0

Water after neutralization pH 6.0-9.0
RESULTS AND DISCUSSION

The lime consumption to adjust the pH value from 2 to 9

The calculation was made on the basis of the following initial data:

— Flow of mine waste water on a daily basis, Q = 5000 m®/day

— PHstart = 2; pHend = 9,

— Molar mass Ca(OH),, 74 g/mol,

— Molar mass CaO, 56 g/mol,

— Activity CaO, 70%,

— Molar mass CaSO,, 136 g/mol,

— Molar mass H,SOy4, 98 g/mol,

— Concentration of calcium hydroxide, 10% Ccq(om), -

Based on the pH value, the concentration of H* ions at pH=2 and pH=9 were calculated
and the same is:

— H" concentration at pH 2 = 0.01 mol/I,

—  H" concentration at pH 9 = 0.000000001 mol/l,
—  Number of H" ions, ny+: 2

The required mass of Ca(OH), to change the pH value from pH 2 to pH 9 is:

Q-(CpH2—CpHo)-74 _ 5000000-(0.01—0.000000001) -74 t
M = = =1.85— 2
Ca(OH)2 g+ - 106 2-106 day 2

Consumption 10% calcium hydroxide M gocacom), -

Mcq 1.85 t
Mygoicacory, = 2202100 = =2 - 100 = 185~ @)

Consumption 100% CaO:

Mca(oH), 56 __ 18556

t
Mi00% cao = > ” = 14@ (4)

Consumption of CaO activity 70%:
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t
M70% Ca0 = 1.4 /07 =2 a (5)

After the lime is slaked, the slurry is added to the acid mine water, which leads to an
increase in the pH value. Free (OH") ions react with metal ions to form the metal hydroxides
that precipitate at a certain pH value.

Calculation of lime consumption for precipitation of Fe*" ions at concentration of approx.
150 mg/I

Precipitation of Fe hydroxide is shown by the following reaction:
2Fe3* + 3Ca(0OH), © 2Fe(OH)5(s) + 3Ca®* (6)

Calculation of CaO consumption was made on the basis of the following initial data:
—  Concentration of Fe** ion, cca 150 mgl/l,
—  Coefficient of increased consumption: 1,

Atomic mass Fe, 56 g/mol,
—  Molar mass Fe(OH)3 107 g/mol.
Consumption 10% Ca(OH).:

Cres+-Q-743 150-5000000-74-3 t
M =————-100 = -100 = 14.85— 7
10%Ca(0H)z ~ 56.2.10-10° 56-2-10 - 10° day ()

Consumption Ca(OH)2: M4 (om,= 14.85- 0.1= 1.485 t/day.
Consumption 100% CaO:

Mca(oH), 56 __1.485'56

t
MlOO%CaO = 74 > = 1-12@ (8)

Consumption of CaO activity 70%:

Moo, cao = 1.12 /0.7 = 1.6 ﬁ 9)

Calculation of the water amount for chemical reaction with CaO, resulting in Ca(OH).:

18'MCa(OH) 18-1.12 t
M = 2 = =0.27 — 1
Hz0 74 74 0 7day ( 0)
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Calculation of lime consumption for precipitation of Cu®* ions at concentration of approx.
30 mg/I

Precipitation of Cu hydroxide is shown by the following reaction:
Cu?* + Ca(0OH), < Cu(OH),(s) + Ca?* (11)

Calculation of lime consumption was made on the basis of the following initial data:

Concentration of Cu®* ions, cca 30 mgl/l,

—  Coefficient of increased consumption: 1.4,
— Atomic mass Cu, 64 g/mol,

— Molar mass Cu(OH),, 98 g/mol.

Consumption 10% Ca(OH),:

Ccu Q74 30-5000000-74 -1.4 t
o = =2.40— (12)
Arcy 0.1-10° 64-0.1-10° day

M09 cacon)z =

Consumption of calcium hydroxide: M¢qon), = 2.40 - 0.1 = 0.24 t/day.
Consumption 100% CaO:

Mca(oH);"56 _ 0.2456 _ 0.18L (13)

M =
100% CaO 74 74 day

Consumption of CaO activity 70%:
t
M;oy cao = 018 / 0.7 = 0.26 —— (14)

Calculation of the required amount of water for chemical reaction of CaO and H,O
resulting in Ca(OH); is:

__ 18Mcqon), _ 18-:0.24 b
My,o = G0z = 18028 _ 0,0 (15)

Calculation of lime consumption for precipitation of Zn®* ions at concentration of approx.
13 mg/l

Precipitation of Zn hydroxide is shown by the following reaction:

Zn** + Ca(OH), © Zn(0OH),(s) + Ca?* (16)

291



EcoTER'24, 18-21 June 2024, Hotel Sunce, Sokobanja, Serbia

Calculation of lime consumption was made on the basis of the following initial data:

—  Concentration of Zn?* ions, cca 13 mgl/l,
—  Coefficient of increased consumption: 1
— Atomic mass of Zn, 65.5 g/mol,

— Molar mass of Zn(OH),, 99.5 g/mol.

Consumption 10% Ca(OH).:

M _ CzpQ:74 _ 13-5000000-74
10% Ca(0H)z — 4, 01-10°  65.5-0.1-10°

— _t
=0.73 7~ (17)

Consumption of calcium hydroxide: M¢qomy,=0.73 - 0.1 = 0.073 t/day.
Consumption 100% CaO:
Mca(oH), 56 _ 0.073:56

t
Miooss cao ==, — =~ = 0.055— (18)

Consumption of CaO activity 70%:
t
M;09 cao = 0,055 /0.7 = 0.078 i (19)

Calculation of the required amount of water for chemical reaction of CaO and H,O
resulting in Ca(OH); is:

18:-Mcq(0H), __ 18-:0.073
56 56

t
MHZO = = 0023@ (20)

The total mass of CaO for treatment of 5000 m*/day of mine waste water obtained on the
basis of previous calculations:

Moo, cao = 2 + 1.6 + 0.26 + 0.078 = 3.94 $ (21)

A 20% higher value is adopted (for other present elements): 4.73 ﬁ CaO activity 70%.

CONCLUSION

Large amounts of accumulated mine water in the abandoned open pits represent a resource
that can be reused in the production processes after adequate treatment. Their treatment by the
neutralization process of 10% Ca(OH),, during which the metal hydroxides are formed and
pH value increases, is significant from the point of view of its reuse for the mining activities.
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The calculation of calcium hydroxide consumption of known activity was made for elements
that are present in water in a concentration higher than 1 mg/L. The calculated mass of CaO
was increased by 20% due to the presence of other elements in accumulated water.
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Abstract

The thermodynamic analysis of the copper ions biosorption process using hazelnut shells as a
biosorbent, as well as the influence of the pH value on the biosorption capacity, are presented in this
paper. The thermodynamic parameters that were analyzed are: activation energy (E.), change in
Gibbs free energy (AGY), enthalpy (AH®), and entropy (AS®), under standard conditions, at different
temperatures (25°C, 35°C, and 45°C). The values of the calculated thermodynamic parameters
indicate that the biosorption of copper ions onto hazelnut shells is favored at temperatures lower than
the room temperature, that the process itself is endothermic and disordered, in which copper ions are
bound to the surface of the hazelnut shell by chemisorption. The pH analysis showed that the pH value
of the solution has a significant effect on the biosorption capacity, whereby the biosorption capacity
increases proportionally with the increase in the pH value of the solution.

Keywords: thermodynamic analysis, biosorption, copper ions, pH value, hazelnut shells.

INTRODUCTION

Water, making up more than 70% of the Earth's surface, is our most valuable natural
resource, without which life would not be possible [1]. However, as a result of continuous
population growth, agricultural activities, industrialization and other geological,
environmental and global changes, its pollution is increasing and in many parts of the world
safe drinking water is not available [2].

Bearing in mind the development of mining, extractive and processing metallurgy,
pollution by heavy metals, due to their non-degradable and persistent nature, leads to
permanent contamination of the environment, and represents a serious environmental problem
[3]. The solubility of heavy metals in the water environment is very high, which is why living
organisms can absorb them. If they accumulate in the body beyond the permitted limits, they
can cause serious health problems, which is why the treatment of wastewater contaminated
with heavy metals, before their release into the environment, is necessary [4].

Removal of heavy metals from industrial wastewater can be achieved by various
conventional methods. These treatment methods include: chemical precipitation, coagulation,
complexation, adsorption with activated carbon, ion exchange, solvent extraction,
electrodeposition, cementation, etc. [5]. The application of the mentioned methods does not
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always give satisfactory results. Developing a new process — the biosorption process, which
can become an alternative to conventional methods, certain advantages can be achieved when
it comes to industrial wastewater treatment [6]. The main advantages of biosorption compared
to conventional wastewater treatment technologies are its low cost, high efficiency,
minimization of chemical or biological sludge, the ability to regenerate adsorbents, and the
possibility of metal recovery after adsorption [7].

Adsorption of metal ions from aqueous solutions is a reversible process, which is why a
change in temperature has an impact on its development. Thermodynamic parameters, such as
Gibbs free energy (AG®), enthalpy (AH®) and entropy (AS?), are evaluated to better understand
the effect of temperature on the adsorption process [8].

In this work, the influence of the change in the pH value of the solution on the capacity of
the biosorption process was investigated, along with the thermodynamic of the process.

MATERIALS AND METHODS

Hazelnut shells were ground and sieved on a set of laboratory sieves, and the fraction
(-1+0.4) was used for the experiments.

In order to examine the influence of the pH value of the solution on the biosorption
capacity of copper ions, a series of experiments was performed using copper ions solutions of
different pH values, ranging from 2-5. The pH value of the solution was adjusted by adding
0.1IM HNOj3 and 0.1M KOH. The initial concentration of copper ions in the solution
(0.2 g dm™), as well as the stirring rate and adsorption time (60 minutes) were constant.

In order to determine the thermodynamic parameters, 1 g of biosorbent was brought into
contact with 50 mL of a solution of copper ions with a concentration of 0.2 g dm?, at
temperatures of 25°C, 35°C and 45°C, for 90 minutes. The suspension was then filtered and
the concentration of copper ions was determined in the obtained solution.

RESULTS AND DISCUSSION
Effect of pH value change on biosorption capacity
The experimental data obtained for the effect of the pH are shown in Figure 1.

? 2!.0 2.[5 3:0 ' 3T5 ' 4.lCl ' -1.r5 5.IC|
pH
Figure 1 Change in biosorption capacity with change in the solution pH
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It can be seen from Figure 1 that the removal of metal ions from an aqueous solution by
biosorption is highly dependent on the pH value of the solution. At pH=2, the biosorption
capacity was 0.131 mg g™, while it reached its maximum value of 4.237 mg g™ at pH=5.
Lower values of biosorption capacity at lower pH values are the result of higher concentration
of H" ions in the solution, which “compete” with copper ions for active sites in the structure
of hazelnut shells [9].

Thermodynamics of the biosorption process

The thermodynamic parameters of biosorption were calculated using the following
equations [10]:

CA
Ky “c. 1)
AG’ =-RTInK, )
InK, :[AS°J_(AH°j @)
R RT
_Ea
Ian:(RT J+InA 4)

where Kd is the equilibrium constant; Ca, the concentration of adsorbed substance at
equilibrium (mol dm™); Cs, the equilibrium concentration of metal ions in solution
(mol dm™); AG?, the Gibbs free energy (kJ mol™); R, the universal gas constant (J mol™ K%);
T, the operated temperature (K); AH’, the enthalpy change (kJ mol™); AS®, the entropy change
(3 mol™* K™); E,, the activation energy (kJ mol™); A, the Arrhenius factor.

Figure 2 shows the dependence of In Ky as a function of 1/T. Based on the given
dependence and experimental data, the thermodynamic parameters of the biosorption of
copper ions onto hazelnut shells were calculated and are given in Table 1.

1,24
1.4

-1,6 4

In kg

18

2.0 .

224
L]

-24 T T M T T N T
0,00315 0,00320 0,00325 0,00330 0,00335

1T
Figure 2 Thermodynamic dependence (In Ky = f(1/T)) for the biosorption of copper ions onto

hazelnut shells
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Table 1 Thermodynamic parameters of copper ion biosorption process onto hazelnut shells

T (K) AG’ (kImol™)  AH°(kImol®)  AS°(Imol*K?)  E,(kJ mol™?)
298 3.123
308 5.188 4870.393 -17.681 40.492
318 6.037

Based on the obtained values of the Gibbs free energy change, shown in Table 1, it can be
concluded that the Gibbs free energy increases with an increase in temperature, as if the
process itself is not feasible at room temperature, but is more favoured at lower temperatures.
The obtained values of enthalpy and entropy indicate that the biosorption process of copper
ions onto hazelnut shells is endothermic and disordered.

The obtained high value of activation energy (E,) indicates that the chemical binding of
copper ions to active sites in the structure of the hazelnut shell is the dominant mechanism
within the examined process.

CONCLUSION

Hazelnut shells were used as a biosorbent for copper ions biosorption from synthetic
solutions. The effect of changing the pH value of the solution on the capacity of the
biosorption process was investigated and the thermodynamic parameters of the process were
determined. Based on the performed experiments and the analysis of the obtained data, it can
be concluded that the pH value of the solution has a significant influence on the biosorption
capacity, whereby the biosorption capacity increases in proportion to the increase in the pH
value of the solution. The values of the calculated thermodynamic parameters (AG?, AH?, AS®
and E,) indicate that the biosorption of copper ions onto hazelnut shells is a more favoured
process at lower temperatures than the room temperature, that the process itself is
endothermic and disordered, in which copper ions bind to the surface of the hazelnut shell by
chemisorption.
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Abstract

Dihydralazine (dHZ) and hydralazine are hydrazine derivatives used as drugs in the treatment of
hypertension. These drugs and their metabolites can be long-term pollutants in domestic and
pharmaceutical industry waste water due to their high water solubility, low price and frequent use in
the treatment of chronic disease. There are many methods for waste water treatment and some of
them, such as flocculation, coagulation and advanced oxidation processes, inv