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PREFACE 

The 31
st
 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
st
 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
th

 Student Section – EcoTERS’24 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 EcoTER’24. Sincere thanks go to all the 

people who have contributed to the successful organization of the EcoTER’24. 

 

Prof. Snežana Šerbula, 

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 
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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 CaCl2 solution. Droplet formation under 

the influence of electrostatic forces was examined with a video/image analysis system (Jandel 

Scientific, CA, USA) under strobe light. 

 

High Voltage
DC supply

Camera and 
microscope

TV and VCR

Image analys is -

PC

Strobe light

 
Figure 1 Schematic diagram of experimental set-up 

 

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 
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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].  

  

a)  b) 

  
c) d) 

  
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 
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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. 

 

 
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]. 

 

 
Figure 4 Effect on microbeads size: A) applied potential and electrode spacing; B) alginate 

concentration; and C) small needle size with the positively charged needle setup [6]                             

(22-gauge needle was used in A) and B) and a 26-gauge needle in C)) 
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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
5
 cell/mL remained essentially 

unchanged at 3.85⸱10
5
 and 3.78⸱10

5 
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
o
C, 600

o
C and 750

o
C under inert atmosphere to generate hybrid inorganic-carbonaceous 

nanohybrids, named TCN@Fe 500
o
C, TCN@Fe 600

o
C and TCN@Fe 750

o
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
o
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,              

α-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 α-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 FeSO4 solution in an 

Erlenmeyer flask and stirred for 120 min. TCN has a high capacity of iron adsorption 

(qeq=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
o
C, 600

o
C and 750

o
C for 2 hours in order to 

generate samples named as TCN@Fe 500
o
C, TCN@Fe 600

o
C and TCN@Fe 750

o
C 

respectively.  

Characterization of materials 

PXRD was done by a Bruker D8 Discover (Cu source, Ni filter, Lynxeye detector) in the 

2θ range of 5
o
 to 95

o
, 0.02

o
 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
-1

 and gratings of 1200 and 1800 grooves mm
-1

. 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 (Fe2O3) and magnetite (Fe3O4) 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
+2

 and Fe
+3

 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
o
C, Figure 1c) showed presence of amorphous material detected 

by a large halo from 2θ = 5
o
 to 15

o
 and a very broad one over the other 2θ 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
o
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 1e 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 200–4000 cm
-1

 [12]. The 

first order region (1000–2000 cm
-1

) can be deconvoluted using a mixed Lorentzian-Gaussian 

function (Voigt) in six bands centered around 1170 cm
-1

, 1271 cm
-1

, 1334 cm
-1

, 1471 cm
-1

, 

1575 cm
-1

 and 1611 cm
-1

, which can be designated as D´´, A1, D, A2, G and D´ bands 

respectively. The D´´, D, G and D´ are related to graphitic carbon, whereas A1 and A2 are 

two broad peaks relating to the amorphous carbon present [13]. In the second order region, 

the peaks around 2449 cm
-1

, 2682 cm
-1

, 2922 cm
-1

 and 3213 cm
-1

 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
-1

, shown in the Figure 1e. The principal peaks 

were registered at around 284 cm
-1

, 403 cm
-1

, 494 cm
-1

, 604 cm
-1

, 655 cm
-1

, 804 cm
-1

, 1033 

cm
-1

, 1086 cm
-1

 and 1309 cm
-1

. The bands centered around 494 cm
-1

 can be assigned to the 

A1g mode and the bands centered around 284, 403 and 604 cm
-1

 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
-1

, 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.  

 

 
Figure 1 PXRD profile of a) TCN@Fe 500

o
C; b) TCN@Fe 600

o
C; c) TCN@Fe 750

o
C; Raman 

spectra of TCN@Fe 750
o
C, in d) only carbonaceous; e) only inorganic; f) mixed phase, inset showing 

an optical microscopic image of the sample 

 

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 

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 Low-magnification (10000x) SEM micrograph of a) TCN@Fe 500

o
C; b) TCN@Fe 600

o
C;  

c) TCN@Fe 750
o
C; high-magnification (120000x) SEM micrograph of d) TCN@Fe 500

o
C;                     

e) TCN@Fe 600
o
C; f) TCN@Fe 750

o
C; g) TEM; h) HRTEM of TCN@Fe 750

o
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
o
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
o
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
2+

, Pb
2+

, Mn
2+

, Ni
2+

, Cu
2+

,
 
and

 
Zn

2+
 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 Fe3O4-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
–3

 of NaCl for 24 h at 70
o
C to achieve the best possible exchange 

capacity. 

Conversion of ZT into Fe-ZT, Fe3O4-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)3 in an acetate buffer (pH=3.6) followed 

by the addition of 0.1M NaOH until pH7, and 2) heating of the product at 80
o
C until a 

constant mass. The ZT was also converted to Fe3O4-ZT by alkaline co-precipitation of 

FeCl3·6H2O and FeSO4 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 N2 atmosphere. The 

obtained product was heated at 80
o
C until a constant mass. Conversion of ZT into Sn-ZT 

included: 1) treatment of ZT with 1 mol dm
–3

 HCl at 100°C for 4 h followed by treatment 

with 0.2 mol dm
–3

 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 SnCl2 (8.8 mmol dm
–3

) and NH4OH 

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(II) ions onto ZT  

The M(II) sorption (M – Mg, Mn, Ni, Cu, Zn, Pb) was studied at 25–55
o
C. The 

suspensions of Na-ZT and the chosen M(II) solution (100–400 mg M dm
–3

) 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(NO3)2 (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 Fe3O4-ZT 

Solutions of KNO3 and KH2PO4 (1–6 mmol dm
–3

) 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
–3

. The adsorption experiments were carried out at pH5, for which 

CIP is present as a cation. KNO3, KH2PO4, 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
o
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: 

 

   
     
 
                                                                                                                          (1) 

 

where C0 and Ci are concentrations of the adsorbate in aqueous solution (mg dm
–3

) before 

and after the contact with ZT (Fe-ZT or Fe3O4-ZT), respectively; V is the solution volume in 

dm
3
, and m is the mass of the ZT (Fe-ZT or Fe3O4-ZT) in g. 

Photocatalytic test 

Photocatalytic tests were carried out using a batch reactor system equipped with a 50 cm
3
 

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 (C0 = 10 mg dm
–3

) and ZT or Sn-ZT in the 

concentration of 0.2 g dm
–3

 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 λ664 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, Fe3O4-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/Fe3O4-ZT/Sn-ZT. The Fe content in Fe-ZT rose from 0.21 (ZT) to 18.1 wt.%, 

Fe3O4-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. 

 

 
Figure 2 TEM image of Fe-ZT: bright-field image of clinoptilolite sheets coated with a precipitate 

rich in Fe(III). The amorphous nature of the Fe(III) 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
2
 g

–1
 for Fe-ZT, to 45.2 m

2
 g

–1
 for Fe3O4-ZT and to 78.0 m

2
 g

–1
 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(III) precipitates on 
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Fe-ZT, and an abundant coverage of the ZT plates by rounded magnetite nanocrystals on 

Fe3O4-ZT, and X-ray photoelectron spectroscopy (XPS) exhibited the presence of SnO2 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(II) dm
-3

 at 25°C 

M(II) Removal, % Ionic 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
o
C, the removal efficiency towards Cu(II) 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
2+

 and Ni
2+

 does the rate 

of adsorption increase with temperature, and only for Mn
2+

 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 pH6.5. The 
31

P 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(III) 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 (RL) 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 Fe3O4-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 SnO2 at the surface of ZT 

[15]. However, the clinoptilolite lattice and SnO2 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 SnO2 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                 

C0=10 mg MB dm
–3

 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(III) 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 Perućac), recreation (Lake Sava), 

and water supply (Garaši). A gas chromatography with mass spectrometric detection (GC-MS) was 

used for OCPs detections. The concentrations of aldrin, dieldrin, endrin, endrin aldehyde, α-HCH,    

β-HCH, γ-HCH, δ-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 μg kg
-1

) from Garaši, 4,4′-DDD in one individual 

(15 μg kg
-1

) from Garaši and two individuals (15 μg kg
-1

, 17 μg kg
-1

) from Zaovine, as well as 

heptachlor in two individuals (12 μg kg
-1

, 15 μg kg
-1

) from Zaovine and three individuals (9 μg kg
-1

,   

11 μg kg
-1

, 12 μg kg
-1

) 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 II, 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]. 

Aquatic 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 (Garaši), 

recreation (Lake Sava), and electricity generation (Vlasina, Perućac, Zaovine, and 

Međuvršje), 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 Perućac), recreation (Lake Sava), and water supply (Garaši) (Figure 1). Ten 

individuals from each reservoir were sampled during summer of 2017 using standing gillnets 

(30 m × 2 m, 30–50 mm mesh size). 

 

 
Figure 1 Map of the sampling sites (Serbia): 1 – Garaši; 2 – Vlasina; 3 – Perućac; 4 – Zaovine;          

5 – Medjuvršje; 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 µL of internal standard (concentration of 10 µg mL
-1

) 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 MgSO4 (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, α-HCH, β-HCH,     

γ-HCH, δ-HCH, endosulfan I, endosulfan II, 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-5MS (30 × 0.25 mm ID x 0.25 μm 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 μL (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
-1

 and 

200°C at 3°C min
-1

, and all the way to 280°C at 8°C min
-1

, 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 μg mL
-1

 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 µg kg
-1

 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 µg kg
-1

 (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 μg kg
-1

 and 20 μg kg
-1

.  

Concentrations of analyzed OCPs are expressed as μg kg
-1

. 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
-1

 (i.e. 100 µg kg
-1

), as 

well as 1.0 mg kg
-1

 (i.e. 1000 µg kg
-1

) for DDT and derivatives. 

 

RESULTS AND DISCUSSION 

The linearity of the analytical response across the studied range of concentrations, 

correlation coefficient (R
2
), 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
2
), 

limits of detection (LOD), limits of quantification (LOQ), recovery for the spiked levels of 10 µg/kg 

and 20 µg/kg 

Pesticide residue Calibration curve R
2
 

LOD 

(μg/kg) 

LOQ 

(μg/kg) 

Recovery (%) 

10 µg/kg  20 µg/kg   

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 99.4 

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 

α-HCH y=0.7790x + (-16.126) 0.99906 0.8 2.5 88.9 94.2 

β-HCH y=1.2947x + (-30.965) 0.99886 0.7 2.3 90.1 90.4 

γ-HCH y=1.1845x + (-12.415) 0.99697 2.0 6.7 98.0 90.3 

δ-HCH y=0.5890x + (-12.466) 0.99782 0.9 2.9 95.1 99.1 

Endosulfan I y=0.1205x + (-2.387) 0.99977 2.4 7.9 89.6 89.9 

Endosulfan II y=0.1766x + (-3.906) 0.99993 2.0 6.7 97.8 97.9 

Endosulfan sulfate y=0.3969x + (-14.492) 0.99342 1.1 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, α-HCH, β-HCH, γ-HCH,  

δ-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 μg kg
-1

) from Garaši, 4,4′-DDD in one 

individual (15 μg kg
-1

) from Garaši and two individuals (15 μg kg
-1

, 17 μg kg
-1

) from 

Zaovine, as well as heptachlor in two individuals (12 μg kg
-1

, 15 μg kg
-1

) from Zaovine and 

three individuals (9 μg kg
-1

, 11 μg kg
-1

, 12 μg kg
-1

) from Lake Sava. Interestingly to mention, 

two individuals from Zaovine in which heptachlor was detected also accumulated 4,4′-DDD 

in their muscle tissues.  

α-HCH, β-HCH, γ-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 μg kg
-1

      

(4,4′-DDD and 4,4′-DDT were not detected), and sum of total DDTs were below safety values 

of 1.0 μg kg
-1

 indicating no health risk due to consumption of this species [7]. In Latvia,       
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α-HCH and γ-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 (α-HCH, β-HCH, and γ-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, δ-HCH, heptachlor, heptachlor epoxide, and α-endosulfan were below detection limits 

in European perch sampled at three lakes of Latinum (Bolsena, Bracciano, and Salto) in Italy 

[13]. On contrary, dieldrin, α-HCH, γ-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 

Garaši and 4,4′-DDD compared to Zaovine and Garaši. 

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 Garaši, Lake 

Sava, Vlasina, Perućac, Zaovine, and Međuvršje 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 Garaši, 4,4′-DDD in one individual from Garaši 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
3+

-tetracycline complexes is pH dependent. UV-Vis and Raman spectra showed Fe
3+

 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
3+

-tetracycline antibiotic complexes. Coordination interactions between Fe
3+

 and 

tetracyclines are reversible. Tetracyclines are released unchanged from their Fe
3+

 complexes by pH 

increase. The effect of UV irradiation on tetracyclines, their Fe
3+

 complexes and tetracyclines in the 

presence of Fe
3+

 prior the formation of the complexes was investigated at pH 5. The results showed 

that coordination of tetracyclines with Fe
3+

 makes them less susceptible to oxidation with hydroxyl 

radical generated by UV-induced photolysis of Fe
3+

–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(III) 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
3+

 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
3+

, the pH dependence of their formation, and the impact of Fe
3+

 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 

(1×1×5 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
−2

s
−1

 for UV-A and 7.7 J m
−2

s
−1

 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 KCl) (reference electrode); and Pt wire (counter 

electrode). 
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Raman spectroscopy 

The Raman spectra of 5 μL 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 μm. The scattered light was analyzed by 

the spectrograph equipped with a 900 lines mm
−1

 grating using 50 μm 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/HO

•
 paramagnetic adduct. Spectral simulation of BMPO/HO

•
 adduct 

spectrum was performed in WINEPRSimFonia (Bruker Analytische Messtechnik GmbH, 

Darmstadt, Germany), with following parameters: BMPO/HO
•
 adduct: isomer I (81.6%): 

aN=1.356 mT, aHβ=1.230 mT, aHγ=0.066 mT; isomer II (18.4%): aN=1.347 mT, aHβ=1.531 

mT, a Hγ=0.062 mT. 

 

RESULTS AND DISCUSSION 

The impact of pH on interactions between Fe
3+

 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
3+

 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
3+

 at this pH limits formation of complexes. The formation 

of Fe
3+

 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
3+

]/[TCs]=6 molar ratio. 

The results of Raman spectroscopy indicate Fe
3+

-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
3+

 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
3+

 and TC solutions formation of complex reaches 

equilibrium) (Figure 3a and 3b). The kinetic of DOX-Fe
3+

 complex formation is faster, 

reaching equilibrium almost immediately after mixing of Fe
3+

 and DOX solutions (Figure 3d). 

UV-Vis spectra of Fe
3+

/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
3+

 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(III) hydroxo complex with reduction of Fe
3+

 by OH– to give 

Fe
2+

 and a very strong oxidizing agent HO• (standard reduction potential is ∼2 V). The 

photolysis of Fe(III) 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
3+

 

complex could not be attributed to the low concentration of “free” Fe3+, since only 30 μM of 

the total Fe
3+

 concentration of 180 μM was bound to TC. The possible explanation is that TC 

in the complex is less susceptible to oxidation by HO•. Similar as in the case of TC, the 

presence of Fe
3+

 ions in acidic solutions of DOX led to its photodegradation after UV 

irradiation (Figure 3e and Figure 3f). 

 

 
Figure 1 UV-Vis spectra of TCs in the presence and absence of Fe

3+
 at different pH. Sums of spectra 

of TCs and Fe
3+

 are presented for pH values 7, 9 and 12: a) pH 2; b) pH 4; c) pH 5; d) pH 7; e) pH 9; 

f) pH 12 
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Figure 2 UV-induced degradation of TC (TC; 30 μM initial concentration) at pH 7, that was 

monitored by UV–Vis spectroscopy: a) UV-A irradiation; b) UV-B irradiation 

 

 
Figure 3  TCs and Fe

3+
 exposed to UV: a) UV-A; b) UV-B; TC and Fe

3+
 were exposed immediately or 

after 15 min of incubation which allowed the formation of Fe
3+

-TC complex; c) Photo-reduction of 

Fe
3+

 results in the loss of Fe
3+

 absorption line. [Fe
3+

]=180 μM; [TC]=30 μM; pH=5; period of 

irradiation: 10 min. Irradiance was 17 J m
−2

 s
−1

 for UV-A and 7.7 J m
−2

 s
−1 

for UV-B; d) formation 

and stability of Fe
3+

-DOX complex in time; e) DOX and Fe 
3+

 exposed to UV-A after 15 min of 

incubation; f) DOX and Fe 
3+

 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 HO•radical produced by 

photolysis of Fe(III) 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
3+

 prevented HO• 

scavenging. These results imply that coordination of TC with Fe
3+

 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
3+

-TC complex, which means that TC is less 

susceptible to oxidation in the complex. The reduction peak of Fe
3+

 at Epc=174 mV was 

shifted to Ep=140 mV, showing that Fe
3+

 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. 

 

 
Figure 4 Redox properties of TC in the complex with Fe

3+
: a) EPR spin-trapping analysis of HO

•
 

scavenging capacity of TC; b) Cyclic voltammograms of TC, Fe
3+

, and Fe
3+

-TC complex in water at 

pH=5 at glassy carbon electrode (scan rate 0.05 V s
−1

); c) Cyclic voltammograms of TC, Fe
3+

, and 

Fe
3+

-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
3+

 

ions promotes photodegradation of TCs. Coordination of TCs with Fe
3+

 makes them less 

susceptible to oxidation with HO
• 

generated by UV-induced photolysis of Fe
3+

–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 μg/kg), while in the 

leaves was at site BN (45.89 μg/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 (R1) 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 PAHs 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 μg/m
3
. 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
 [4]

 C10H8 

Structural formula
 [7] 

 
Molecular weight

 [4] 
128.19 g/mol 

Melting point
 [7] 

80.0–80.3℃ 

Boiling point
 [7] 

217.9–218℃ 

Density
 [7] 

1.175 g/cm
3 

Henry's Law Constant
 [4]

 4.83·10
-4 

atm m
3
/mol 

Vapor pressure
 [4]

 0.0087 mm Hg 

Water solubility
 [4]

 31.69 μg/L 

Log Kow
 [4]

 3.36 

Log Koc
 [4]

 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) PAHs 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 jalovište (FJ) – at a distance of 0.7 km from the 

main pollution source, Bolničko 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: Oštrelj (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. 

PI 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 PI samples from each location were 

processed using the factor R, i.e., the ratio of Nap concentrations in the unwashed leaves and 

stems: Rleaf/stem=Cleaf/Cstem (Cleaf, and Cstem 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 (μg/kg, dw) in the leaf and stem samples of PI 

Location Leaf Stem 

FJ 24.14 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 4.57 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 μg/kg), while in the 

leaves, the highest, and very similar Nap concentrations were found at several sites:             

BN (45.89 μg/kg), SN (45.20 μg/kg), O (44.84 μg/kg) and S (42.47 μg/kg).  

The lowest concentration of Nap in ivy leaves was at one of the farthest locations from the 

industrial complex, namely, BJ (4.57 μg/kg), while the lowest concentration in stems was at 

the site FJ (11.79 μg/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 PI 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. 

 

 
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 “Tržnica”, city of Niš, 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
-1

 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 Andelković 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 C18, 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 C18 part of the 

column. The obtained eluate was evaporated to dryness, re-dissolved in 0.50 mL of DBA 

hexane solution (1 µg mL
-1

), 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 × 0.22 mm × 0.25 µm, 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
-1

 rate; post run: 300°C (2 min). Helium 

was the carrier gas with constant flow rate of 1.0 mL min
-1

. 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
-1

. 

 

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
-1

 (trifloxystrobin) to 118.628 mg kg
-1

 (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
-1

 

(pyrimethanil) to 23.594 mg kg
-1

 (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
-1

 to 1.847 mg kg
-1

. 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
-1

, 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
-1

, 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
-1 

pesticides mixture solution and after different storage periods 

Storage 

period, h 
Amount Pyrimethanil Cyprodinil Trifloxystrobin Bifenthrin Boscalid 

Peel 

0 
mg kg

-1
 

(RSD, %) 

19.027 

(29.68) 

15.224  

(35.06) 

12.710  

(29.35) 

118.628 

(34.60) 

21.513  

(40.11) 

1 
mg kg

-1
 

(RSD, %) 

16.306 

(35.71) 

11.234  

(32.32) 

9.907  

(37.27) 

29.154  

(40.85) 

17.781  

(29.46) 

3 
mg kg

-1
 

(RSD, %) 
16.339 (8.37) 

12.302  

(25.24) 

10.700  

(22.81) 

25.397  

(36.56) 

21.637  

(8.10) 

24 
mg kg

-1
 

(RSD, %) 

13.150 

(38.92) 

13.355  

(32.86) 

11.334  

(24.43) 

32.654  

(37.06) 

20.928  

(39.12) 

72 
mg kg

-1
 

(RSD, %) 
5.891 (27.52) 

8.903  

(27.96) 

9.247  

(17.41) 

23.594  

(21.30) 

19.094  

(4.95) 

Pulp 

0 
mg kg

-1
 

(RSD, %) 
n.d. n.d. n.d. n.d. n.d. 

1 
mg kg

-1
 

(RSD, %) 
0.425 (22.66) 

0.344  

(15.01) 

0.061  

(17.57) 

0.226  

(14.77) 

0.097  

(2.16) 

3 
mg kg

-1
 

(RSD, %) 
0.386 (25.42) 

0.397  

(15.63) 

0.116  

(25.40) 

0.280  

(46.48) 

0.197  

(38.69) 

24 
mg kg

-1
 

(RSD, %) 
0.645 (30.60) 

0.340  

(37.00) 

0.090  

(17.12) 

0.351  

(24.44) 

0.138  

(29.70) 

72 
mg kg

-1
 

(RSD, %) 

1.847 

(5.47) 

0.552  

(20.56) 

0.044  

(26.81) 

0.129  

(13.81) 

0.151  

(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 



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

47 

 

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). 

 

 
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 MgSO4 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 MgSO4; Package 3: 1 g of NaCl, 4 g of MgSO4, 1 g of trisodium citrate 

dihydrate and 0.5 g disodium hydrogen citrate) and dispersion kits (Package 2: 50 mg PSA, 

50 mg C18 and 150 mg MgSO4); Package 4: 25 mg PSA and 150 mg MgSO4) were produced 

by Hillium, USA. Syringe microfilters (Nylon Hydrophilic 0.22 µm) 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 µm, 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 µm) 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 µm) and analyzed. 

Validation 

Validation procedure included the evaluation of the matrix effect (ME), methods trueness 

and precision and limits of detection (mLOD). 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:      100  ⁄ , (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
-1

. 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
-1

 for each analyte (MET-LC-Q). 

The obtained linear regression parameters were combined into the formula: 3  A 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 × 0.22 mm × 0.25 µm, 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
-1

 rate; post run: 300°C (2 min). Helium 

was the carrier gas with constant flow rate of 1.0 mL min
-1

. 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 µL of the sample was loaded on column (Hypersil GOLD
™

, 3 µm, 175 Å,                    

150 mm × 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 µL min
-1

. 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 
Sample 

preparation 
Instrumental configuration 

Mass analysis 

(ionization/analyzer/mode) 

MET-GC-Q 

Acetate buffered 

QuEChERS 

(dSPE: PSA + C18) 

Autosampler HP 7683 (Hewlett-Packard, 

USA), Gas chromatograph HP 6890 

(Hewlett-Packard, USA), Mass 

spectrometer HP 5973 (Hewlett-Packard, 

USA) 

EI / Single quadrupole / SIM 

mode (MS
1
 analysis) 

MET-LC-Q 

Citrate buffered 

QuEChERS 

(dSPE: PSA) 

Autosampler Surveyor (Thermo Finnigan, 

USA), MS pump Accela 1250 (Thermo 

Scientific, USA), Mass spectrometer LTQ 

XL/LTQ Orbitrap (Thermo Electron 

Corporation, USA) with (Heated) ESI probe 

(HESI) 

ESI / Linear ion trap / MRM 

mode (MS
2
 or MS

3
 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 MgSO4 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). 

 

A 

 

B 

 
Figure 1 Illustration 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
-1
) to 128  

(1.00 mg kg
-1
). 

Limits of detection. To compare LODs to pesticides MRLs, calculated LODs (mg kg
-1

 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 3 to 10 000 and 10 to 37 500 times lower than the set MRLs. 

 

Table 2 Methods validation parameters overview 

Method Analyte 
1. mLOD,        

mg kg-1 

2. MRL,      

mg kg-1 

Ratio 

2./1. 

Average 

trueness, % 

Average 

precision, % 

MET-GC-Q 

Pyrimethanil 0.0015 15.00 10000 87.31 19.71 

Cyprodinil 0.0013 2.00 1538 43.71 67.26 

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 

MET-LC-Q 

Pyrimethanil 0.0004 15.00 37500 94.65 31.94 

Cyprodinil 0.0004 2.00 5000 93.17 19.97 

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 µg mL
-1

. 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 µg mL
-1

. Each standard also 

contained 1 µg mL
-1

 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 (C18, 150 mm × 2.1 mm, 

particle size 3 µm), ionized in ESI+ ionization mode and monitored in MS
1
 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 µL min
-1

. Ion 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). 

 

 
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
th

 and 19
th

 day, it dropped by half. In the last days of the tested period     

(19
th

–34
th

 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 
Correlation function The trend 

Type of 

correlation 
Correlation function The trend 

Fluazifop-p-butyl exponential y=2×109e-0.011x, R2=0.9094 

(0–34 d) 

Continual moderate 

decline over the entire 

period 

exponential y=5x108e-0.024x, R2=0.9496 

(0–34 d) 

Continual moderate 

decline over the entire 

period 

S-metolachlor linear y=-6×108x+2×1010 (0–12 d), 

R2= 0.9818 

y=-2×107x+1×1010 (12–34 d), 

R2= 0.9899 

Continual decline, 

higher decline rate in 

the first 12 days 

linear y=-2×108x+4×109 (0–12 d), 

R2= 0.9650 

y=-3×107x+2×109 (12–34 d), 

R2=0.9962 

Continual decline, 

higher decline rate in 

the first 12 days 

Chlorpyrifos linear y=-3×107x+5×108 (0–6 d), 

R2=0.9530 

y=-2×106x+3×108 (6–34 d), 

R2=0.9536 

Continual decline, 

higher decline rate in 

the first 6 days 

linear y=-4×106x+5×107 (0–6 d), 

R2=0.9352 

y=-7.2×105x+3×107 (6–34 

d), R2=0.9918 

Continual decline, 

higher decline rate in 

the first 6 days 

Alpha-cypermethrin linear y=-7×106x+2×108 (0–19 d), 

R2=0.9558 

n.d. (19–34 d) 

Continual decline 

reaching zero after 19 

days of storage 

linear y=-5×106x+1×108 (0–19 d), 

R2=0.9827 

y=-3×105x+2×107 (19–34 d), 

R2=0.9760 

Continual decline, 

higher decline rate in 

the first 19 days 

Bifenthrin exponential y=2×108e-0.015x, 

R2= 0.9932 

(0–34 d) 

Continual moderate 

decline over the entire 

period 

exponential y=1×108e-0.051x, 

R2= 0.9551 

(0–34 d) 

Continual moderate 

decline over the entire 

period 

Difenoconazole linear y= -1×107x+8×108, (0–6 d) 

R2= 0.9973 

y= -5×106x+8×108, (6–19 d) 

R2= 0.9814 

y= -7×105x+7×108, (19–34 d) 

R2= 0.9997 

Continual decline over 

the total period, with 

decreasing rates;  

linear y=-7×106x+3×108, 

R2= 0.9675 

(0–34 d) 

Continual decline over 

the total period with 

the same rate 

Pyriproxyfen exponential y=1×109e-0.02x, R2= 0.9121 

(0–34 d) 

Continual moderate 

decline over the entire 

period 

exponential y=5×108e-0.033x, 

R2= 0.9750 

(0–34 d) 

Continual moderate 

decline over the entire 

period 

Buprofezin exponential y=3×109e-0.01x, R2= 0.9536 

(0–34 d) 

Continual moderate 

decline over the entire 

period 

exponential y=8×108e-0.052x (0–6 d), 

R2= 0.9946 

(0–34 d) 

Continual moderate 

decline in the first 6 

days, no change 

afterwards 

Dimethoate exponential y=1×109e-0.076x (0–12 d), 

R2= 0.9952 

y=5×108e-0.007x (12–34 d), 

R2= 0.9828 

Continual decline, 

higher decline rate in 

the first 12 days 

exponential y=7×109e-0.146x (0–12 d), 

R2= 0.9581 

 

Continual decline in 

the first 12 days, no 

change afterwards 
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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. 
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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 μg/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 THMs 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 μg/l for total THMs, which is also transposed in Montenegrin legislation [5], and also for 
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each THMs compound, namely, 80 μg/l for chloroform, 60 μg/l for BDCM and 100 μg/l 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 μg/L in indoor swimming pools and from 2.19 to 237.18 μg/L in outdoor swimming 

pools. The average values of THMs content in indoor and outdoor swimming pools were 

39.31 μg/L and 67.96 μg/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 μg/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 μg/L (Figure 1b) with a mean value of 34.18 μg/L, while in outdoor 

pools water the chloroform content ranged from 1.13–217.16 μg/L (Figure 2b), with a mean 

value of 58.69 μg/L. The values of chloroform that exceeded the value of 80 μg/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 μg/L and DBCM     

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

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

recommended by the WHO, of 60 μg/L for BDCM and 100 μg/L for DBCM [4].  

 

 

Figure 1 Content of total and individual THMs in indoor pool waters 

 

 

Figure 2 Content of total and individual THMs in outdoor pool waters 
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87%

10% 3%

Chloroform BDCM DBCM
 

Figure 3 Contribution of individual THMs to total content of THMS for indoor pool waters 

 

86%

10% 4%

Chloroform BDCM DBCM
 

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 μg/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 Višnjica site than in the protected area “Veliko Ratno ostrvo”. The results indicate that a 

certain level of oxidative stress occurred in the fish from Višnjica, 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 

Višnjica (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 Višnjica (VIS) 

on the day of fish collection in situ 

Physicochemical 

parameter 
VRO VIS 

Temperature (°C) 9.3 10 

pH 8.1 8.3 

Dissolved O2 (mg
−1

) 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 (Blicca 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
−1

 sucrose with 10 mmol L
−1

 Tris–HCl, 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 × 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 (H2O2) [10]. 

The method is based on H2O2 degradation by the action of CAT contained in the samples 

tested. In this method, 50 mM phosphate buffer (pH 7.0) and 30 mM H2O2 were used as 

substrate. The activity was expressed as μmol H2O2/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 O2 and H2O2. 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 H2O2 into O2 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 H2O2. 

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 Višnjica (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]:  

 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. 

 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. 

 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. 

 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. 

 

 

DAM 1 

DAM 2 

PERIMETER 

EMBANKMENT 

RTH FLOTATION TAILING 

BOR FLOTATION 

 
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
2
. 
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Table 1 Degraded areas 

Area object 
Area, m

2
 

Flat Slope 

K+385 – beach 414.000  

K+390/385 – internal slope  25.700 

K+390 – kruna brane 16.800  

K+390/378 – spoljašnja kosina brane  94.700 

Total 
430.800 120.400 

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: 

 Weeding on the outer slopes of the dam; 

 On the crown of the dam, afforestation and grassing; 

 On the inner slopes of the dam, alternating belts of grass and shrub vegetation; 

 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 

0.5 m. 

 

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 (EI) 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: 

 evaluations of compliance of the operator's emissions with the emission limit values 

defined by the respective laws and by-laws; 

 assessments of the implementation of the best available techniques; 

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

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

environment; 

 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. 

 

 
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]. 

 

 
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. 

 

 

DAM 1 

DAM 2 

PERIMETER 

EMBANKMENT 

RTH FLOTATION TAILING 

BOR FLOTATION 

 
Figure 3 Spacial 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 

Location 
Frequency of 

monitoring 
Parameters 

Waters: 

Underground piezometer 

 (3 referent) 

2 times per year 

 Water temperature, colour, smell, pH, electrical 

conductivity, sedimentary matter, suspended matter, 

HPK, BPK5, soluble oxygen, oxygen saturation; 

 Metals, metalloids and their compounds: Cr, As, Cd, 

Pb, Zn, Hg, Ni, Fe, Cu, Mn 

 Sulfates; Cyanides; Nitrates, nitrites; Mineral oils 

and hydrocarbons; Total fats and oils. 

Air 

 Measuring points are placed 

near private houses in the 

south, east, southwest of the 

proposed location 

 Sedimentation matter - 

monthly 

 Suspended particles - 

daily samples, twice a 

year (summer and 

winter period, 30 days 

each); 

 Total sediments: amount of sediments, 

 Suspended particles: PM10, PM2.5 

 content of heavy metals (Cr, As, Cd, Pb, Zn, Hg, Ni, 

Fe, Cu, Mn) 

Noise: 

Measuring points in the vicinity 

of the nearest private buildings 

(northeast and east) 

1 per year 
 Equivalent intensity level, daily measurements 

 Equivalent level-intensity, night measurements 

Soil: 

 The measuring points are 

located on the surrounding 

areas to the southeast, northeast 

and eastt of the subject location 

1 per year 

 Humus content 

 Soil pH 

 calcium carbonate, nitrogen, electrical conductivity; 

phosphorus; 

 Metals: As, Cd, Pb, Zn, Hg, Ni, Fe, Cu 

 Sulfates; Fluorides; Chlorides; Nitrites, nitrates, 

Cyanides. Aromatic organic compounds. 
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Z1 

Z4 

Z3 

Z1 

 

 

Legend: 

*/* – for 

underground 

waters,  

MB - for 

noise level, 

 *R – for PM 

(Particulate 

matter),  

VZ*- for 

sedimentation 

matter,  

Z* – for soil.  

Figure 4 Disposition of measuring points 

 

CONCLUSION 

Mining activity has increased significantly due to significant population growth and 

worldwide demand for mineral resources [16]. This increase coincides with a new awareness 

in which environmental issues have become an increasing challenge for all actors in the sector 

[17,18]. There is an increased social demand for sustainable development of all activities 

related to mining, especially adequate management of waste products during each phase of 

the mining process, including prospecting and research, development, extraction, 

transportation and treatment of the obtained products, etc. [19]. Energy requirements, 

environmental and human health risks, water resource requirements and required technology 

must be taken into account [20]. 

Taking these arguments into account, the monitoring system gains great importance. The 

monitoring system collects and interprets the information necessary to determine whether the 

environmental protection management plan and related systems have been effectively 

implemented, and whether the environmental goals set by the company, the authorities and 

the community have been properly met. 

The monitoring system should consist of: identification of pollution sources and 

parameters, selection of environmental parameters for which measurements are made, 

determination of critical areas and data collection, analysis and assessment. The goal of the 

environmental monitoring system is to analyze the sources of pollution while considering the 

effectiveness of the applied environmental protection measures. 
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Abstract 

Microbiologically influenced corrosion was recognized in the mid-20
th
 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: Bn1, 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 ISO 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 

H2S 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, 

CO2 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. 

 

a) b) c) 

 
Figure 1 Abundance of tested bacterial groups, as log pac/ml a) Bn1; b) Bn4; c) Bn6 

 

 
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 H2S 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
2+

, 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 H2S 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 Bn1 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.  
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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 Černi 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

pH 9,92 log Ca (mg / l) log HCO (mg / ekv / l) 0, 2 log S.O.(mg / l)
S 3

40

 
    

 
        

 

(1) 

 

t – groundwater temperature (°C) 

s.o. – 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 to 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 



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

91 

 

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 µScm
-1

. 

The difference between the maximum and minimum measured values was 159 µScm
-1

. The 

mean electrical conductivity value measured between 2007 and 2012 was 561 µScm
-1

, 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 µScm
-1

. The 

dominant cationic species in terms of concentration were arranged as follows: 

Ca
2+

>Mg
2+

>Na
+
>K

+
, while the anionic species followed the order 

HCO3
−
>SO4

2−
>Cl

−
>PO4

3−
>NO3

−
. 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 I hydrocarbonate (calcium-magnesium) water, which is in 

accordance with a general characteristic of Sava alluvium (HCO3
− 

>(Ca
2+

 + Mg
2+

)). 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
2+

/Fetot) 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/l. 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 (CO2 and HCO3
−
) or reduced sulfur and H

+
, and as acceptors ferrous ions, 

manganese, nitrates, sulfates, CO2, 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/l). 

Groundwater quality of the piezometers  

Selected piezometers: Wn1, 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/l, 

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 Wn1, 

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 µScm
-1

 in 

Wn3 to a maximum of 672 µScm
-1

 in Wn4. The dominant cationic species, follow the order: 

Ca
2+

>Mg
2+

>Na
+
>K

+
, while the anionic species follow the order: 

HCO3
−
>SO4

2−
>Cl

−
>PO4

3−
>NO3

−
. According to the ionic species and classification by Alekin, 

the groundwater in the Wn zone can be categorized as Type I hydrocarbonate calcium-

magnesium soft water with low salt and potassium content ((HCO3
−
 >(Ca

2+
 + Mg

2+
)), 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 KMnO4 consumption, was 

maximum 5.06 mg/l, which was accompanied by low boron concentrations in all examined 

water samples in the Wn zone (<100 µg/l). In eight samples, the concentration of ferrous iron 

was in the range of 0.10 to 0.21 mg/l, with a mean value of 0.14 mg/l, 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 (Wn1), while the maximum of 25.25 mg/l 

(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/l, 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 Wn1 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 

E. 

Conductivity 
µS/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/l 286.7 280.6 237.9 384.3 250.1 268.4 250.1 244 

CO2 mg/l 12.1 12.1 8.3 33.8 7.1 10.6 13.9 8 

Chlorides mg/l 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/l 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/l 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 

 Wn1 Wn2 Wn3 Wn4 Wn5 Wn6 Wn7 Wn8 

Langelier saturation 

index 
-0.02 -0.07 -0.17 -0.05 -0.03 0.13 -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 

Višnjica - Pančevačke 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 (Đerdap I and 

II) 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          

Ilok – Bačka 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 Višnjica 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. Višnjica 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 

ELT62II 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 Višnjica, along the Danube to Pančevačke ade islands, around and 

between the river islands of Čakljanac and Forkontumac (Figure 1). 

 

 
Figure 1 Map of the researched area, Danube Višnjica – Pančevačke 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)
3 

· 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 Sládeček 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 Višnjica to the Pančevačke 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 III 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 β-mesosaprobic or class II water quality, while the assemblage was 

potamon type according to the EI. 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. 
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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 % 
SL 

AVG 
SD 

W 

AVG 
SD CF SD 

C
y

p
ri

n
id

ae
 

Alburnus alburnus 259 55.58 7.28 1.58 4.75 2.99 1.11 0.19 

Ballerus sapa 31 6.65 12.08 2.62 34.90 21.09 1.69 0.29 

Abramis brama 29 6.22 10.81 5.81 70.59 275.89 1.54 0.59 

Rutilus rutilus 24 5.15 11.69 5.55 62.42 75.37 2.11 0.43 

Aspius aspius 15 3.22 11.87 5.10 37.93 49.24 1.26 0.26 

Blicca bjoerkna 12 2.58 16.96 3.42 158.50 136.13 2.66 0.56 

Hypophthalmichthys 

molitrix 
5 1.07 51.20 1.60 2441 460.28 1.83 0.41 

Carassius gibelio 4 0.86 23.25 3.90 462.75 204.53 3.38 0.27 

Barbus barbus 3 0.64 7.83 3.01 8.67 8.01 1.55 0.74 

Rutilus pigus 3 0.64 14.00 3.94 60.00 48.93 1.76 0.04 

Cyprinus carpio 2 0.43 28.00 10.00 490.00 282.00 2.49 1.53 

Chondrostoma 

nasus 
2 0.43 8.00 0.50 7.00 1.00 1.36 0.08 

Ballerus ballerus 1 0.21 8.50 0.00 6.00 0.00 0.98 0.00 

Leuciscus idus 1 0.21 6.00 0.00 4.00 0.00 1.22 0.00 

Vimba vimba 1 0.21 12.00 0.00 34.00 0.00 1.97 0.00 

E
so

ci
d

ae
 

Esox lucius 7 1.50 25.86 6.72 194.86 134.11 0.96 0.08 

G
o

b
ii

d
ae

 

Neogobius 

fluviatilis 
9 1.93 5.39 1.51 1.94 1.44 115 0.57 

Neogobius 

melanostomus 
5 1.07 6.20 0.68 2.80 1.60 1.05 0.43 

Babka 

gymnotrachellus 
2 0.43 6.00 0.00 1.00 0.00 0.46 0.00 

Ponticola kessleri 2 0.43 5.25 0.25 2.00 1.00 1.30 0.71 

G
o

b
io

n
id

ae
 

Gobio gobio 4 0.86 8.38 0.96 6.50 2.60 1.06 0.10 

P
er

ci
d

ae
 Sander lucioperca 22 4.72 19.61 11.66 203.64 417.89 1.16 0.13 

Perca fluviatilis 21 4.51 9.21 4.13 29.62 50.50 1.77 0.66 

Gymnocephalus 

schraetser 
1 0.21 14.00 0.00 36.00 0.00 1.31 0.00 

S
il

u
ri

d
ae

 

Silurus glanis 1 0.21 80.00 0.00 3700 0.00 0.72 0.00 

 

Considering the sampling effort and the 466 individuals of 25 species caught, the diversity 

of the fish fauna of the Danube in Belgrade near Višnjica 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 β-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. 

 

 
Figure 2 ABC curve for the fish assemblage at Višnjica locality in Belgradе, 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. 
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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 I 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 II 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 III 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. 

    

 

 

 

 



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

103 

 

 
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. 

 

 
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 III, 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 × 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 × 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. 

mailto:djurdja.stojicic@sfb.bg.ac.rs
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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 × 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 × 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 × 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 

Location 
Latitude φ 

Longitude λ 

Altitude 

H (m) 

Number of 

individuals 
Aspect Slope

*
 

1. Čika Ljubina 

street 

44º 48' 59.61" N 

20º 27' 33.98" Er 
113 4 E 0–1° 

2. Balkanska street 
44º 48' 35.34" N 

20º 27' 33.08" Er 
83–97 11 SW 5–8° 

3. Kneza Miloša 

street 

44º 48' 05.83" N 

20º 27' 18.82" Er 
97 9 NW 0–1° 

4. Park “Lep izgled” 
44º 47' 58.02" N 

20º 27' 08.52" Er 
89–95 3 W 5–8° 

*
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 

Ionescu [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 Lalić 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 (44º47'54.44" N; 20º27'53.35" 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 Ocokoljić 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 

Miloša Street) and 25 days (Balkanska Street), but in the same locations flowering ended        

9 days earlier (Kneza Miloša Street) and 12 days earlier (Balkanska Street). In Čika Ljubina 

Street, the trees did not bloom. 

 

 
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 (Čika 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 Miloša 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. 

 

 
 

Figure 2 Minimum, maximum and average 

daily air temperatures and insolation (h) in the 

period January 1, 2024 to March 15, 2024 

Figure 3 Phenological observations: GDD - 

temperature sums (°C), for the BF, FF, EF, 

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 

(CHt), on the productivity and ecosystem services provided by Red Robin Christmas Berry in 

Belgrade. 

 



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

111 

 

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] Yücedag 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., Zencirkıran M., Journal of Bartın Faculty of Forestry, 22 (2) (2020) 294–306.  

[5] Škorić A., Filipovski G., Ćirić 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., Ionescu M., Int. J. Biometeorol. 62 (11) (2018) 2007–2013. 

[8] Lalić 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] Ocokoljić M., Petrov Dj., Galečić 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. 



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

112 

 

[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. 

http://www.plantsoftheworldonline.org/


 

113 

 

 

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

LEARNING FROM NATURE 

 

Mirjana Ocokoljić
1
, Djurdja Petrov

1*
, Nevenka Galečić

1
, Dejan Skočajić

1
,             

Dragan Vujičić
1
, Jelena Čukanović

2
, Isidora Simović

3
 

1
University of Belgrade - Faculty of Forestry, 1 Kneza Višeslava Street, 11030 Belgrade, 

SERBIA 
2
University of Novi Sad - Faculty of Agriculture, 8 Dositeja Obradovića Square,                   

21000 Novi Sad, SERBIA 
3
BioSense Institute, University of Novi Sad, 1 Dr Zorana Djindjića 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]. Ocokoljić et al. [7] attribute this shortened 

lifespan to differences in environmental conditions between urban settings and natural 

habitats. The 21
st
-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. Karađorđev park), Belgrade, where 

field surveys revealed a group planting of Ch. japonica near Nebojšina Street and Boulevard 

of Liberation (Ser. Bulevar Oslobođenja). 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
2
, which is of great importance as it is 

located in the territory of the Vračar municipality, where the degree of urbanization amounts 

to 95.33% [11]. The park's area under trees and shrubs covers 18,947 m
2
, while the Japanese 

Quince occupies 68 m
2
, 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 44º47'54.44"N and 20º27'53.35"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 Ionescu [15]. Heat sum accumulation (GDD) was calculated by summing mean daily air 

temperatures until the onset of a specific phenophase, according to Lalić 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 0 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). 

 

a) b) 

  
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 Ionescu [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 DOY, 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. 

 

 
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
th

 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. 

 

 
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 (ρ) 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 quinqefolia 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 quinqefolia L. (Virginia Creeper), a native species from North 

America, was identified [5]. 

 

 
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 44º47'58.02" 

N and 20º27'08.52" 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 Bač part of Novi Sad. The coordinates are 45º15' 04.78" N and   

19º51' 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 & Ionescu [9] method. 

Growing degree days (GDD) were determined for flowering phenophases according to the 

method of Lalić 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 (44º47'54.44" N; 20º27'53.35" E; altitude: 132 m), and for Location 

2 from GMS Rimski šančevi (45º19'19.97" N; 19º49'48.01" E; altitude: 86 m). Percentiles and 

terciles methods were used for air temperature and precipitation, with the n
th

 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. quinqefolia 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
st
, 2022 

to BB 2023 was 1411 h (at Location 1) and 1658 h (at Location 2). The result is consistent 

with the research of Coutts 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). 

 

  
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, 
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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 Ocokoljić 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). 

 

 
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 

L 
Тmean 

(°C)      

Perc. 

Cat.* 

Тmean 

(°C) 

1991–

2020 

Deviation 

(°C) 

1991–

2020 

1991–

2020 

1991–

2020 
Terciles** 

1991–

2020 
33.-Perc. 50.-Perc. 66.-Perc. Cat. 

March 

1 10.1 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 11.2 EC 13.6 -2.4 12.8 13.5 14.2 -1 

2 10.4 EC 12.4 -2.0 11.8 12.6 13.1 -1 

May 

1 17.4 N 18.2 -0.8 17.5 18.2 19.1 -1 

2 17.2 N 17.3 -0.1 16.9 17.3 17.8 0 

Jun 

1 21.8 N 21.9 -0.1 21.1 21.8 22.4 0 

2 21.5 N 20.9 0.6 20.1 20.6 21.5 0 

July 

1 26.0 VW 23.8 2.2 23.1 23.7 24.3 1 

2 24.7 VW 22.5 2.2 21.9 22.2 22.9 1 

August 

1 24.7 N 23.8 0.9 22.6 24.1 24.8 0 

2 23.7 N 22.4 1.3 21.5 22.3 23.0 1 

September 

1 22.2 EW 18.5 3.7 17.6 18.3 19.3 1 

2 21.4 EW 17.2 4.2 16.3 17.2 18.0 1 

October 

1 17.6 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 quinqefolia 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 

L 
Sum 

(mm) 

Perc. 

Cat.* 

Sum 

(mm)     

1991–

2020 

Deviation 

(mm) 

1991–

2020 

1991–

2020 
1991–2020 Terciles** 

1991–

2020 
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 

2 124.8 BK. 78.2 46.6 59.4 74.0 84.8 1 

Jun 

1 75.6 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 46.8 H 66.6 -19.8 35.3 43.4 58.2 0 

2 58.2 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 39.9 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 63.5 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 

1 110.3 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
2
, 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
2
 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 (Iron 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 II, 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 2”).  

 

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 Černi” to monitor and analyzed the effects of the reduction in flow velocity on 

water quality and the environment in the Đerdap 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). 

 

 
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 µm 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
2 

[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.A1 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. 

 

 
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],             

β-mesosaprobic taxa are the most represented with a percentage of 32.6% and 20.97% of the 

taxa could be characterized as α-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 α- and β-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 

Müller, 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 

Đerdap 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 



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

133 

 

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 PVC 

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 µg mL
-1

. 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 µg mL
-1

 with DBA at a concentration of    

1 µg mL
-1

. 

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×0.22 mm×0.25 µm, 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
-1

 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
-1

). The operating temperature of 

the MSD was 280°C with the electron impact ionization (EI) 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 C4I 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 µm PTFE filter. A 

certain volume of THF-n-hexane solutions (10 µL) 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.  

 

 
Figure 1 SIM GC-MS chromatogram of the standard solution of phthalates in concentrations of       

2.5 µg mL
-1

 and DBA in concentration 1.0 µg mL
-1 

 

 

The calibration curves were linear in the range from 0.25 to 2.5 µg mL
-1

 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 µg mL
–1

; 

the LOQ values for DMP, DBP, BBP, DEHP are 0.10 for each, and for DOP is 0.20 µg mL
–1

; 

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. 

 

 
Figure 2 Calibration curves for DMP, DBP, BBP, DEHP and DOP (PA and PIS 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. 

  

  
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 PVC 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 

No. 
Phthalates in PVC toys (%) 

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 µg mL
-1

 with DBA at a concentration of 1 µg mL
-1

 were prepared in n-hexane by diluted 

of their working solutions of 100 µg mL
-1 

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
-1

) 

Magnesium chloride MgCl2 0.82 

Calcium chloride CaCl2 1.00 

Dipotassium hydrogen phosphate K2HPO4 3.30 

Potassium carbonate K2CO3 3.80 

Sodium chloride NaCl 5.60 

Potassium chloride KCl 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 × 0.22 mm × 0.25 µm, 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
-1

). 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 µg mL
-1

. 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 µL of n-hexane and 100 µL of DBA (10 µg mL
-1

) 

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. 

 

 
Figure 1 GC-MS calibration curves in the concentration range 0.25–2.5 µg mL

-1
 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 

concentration 

(ppm) 

Recovery 

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
-1

 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 µg mL
-1

 with DBA at a concentration of 1 µg mL
-1

 were prepared in n-hexane by 

diluted of their working solutions of 100 µg mL
-1 

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
2
, 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 × 0.22 mm × 0.25 µm, 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
2
 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
-1

). 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 

Phthalat 
Molecular weight 

(g/mol) 
Ion (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 µg mL
-1

) 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
2
 

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 quantitative 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 PVC 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±7,83·10
-5

 

8 0.0004±5,90·10
-5

 

9 0.0008±4,26·10
-4

 

10 0.0009±4,92·10
-4

 

11 0.0004±1,77·10
-4

 

12 0.0008±3,26·10
-4

 

13 0.0013±1.06·10
-4

 

 

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, Martín-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 Vojvodina (Serbia), Minichová 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 (Taraš, 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 Valkiūnas [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 

Valkiūnas [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]. 

 

 

 



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

 

152 

 

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 

Sampling 

place 

No. of birds 

sampled per 

site 

No. of 

infected 

birds 

H P L MI
*
 

Taraš 1 0 - - - - 

Mokrin 1 0 - - - - 

Padinska 

Skela 
7 2 1 1 - - 

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 Martín-Maldonado et al. [17] 

detected just Haemoproteus infection. According to Valkiūnas [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%. 

 

a) b) c) 

   
Figure 1 Genera of Haemosporidian parasites found in the blood smears of the Long-eared Owl        

a) Leucocytozoon; b) Haemoproteus; c) Plasmodium 
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Since Martín-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 Martín-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 

Timiș 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 × 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 MgSO₄, 1 g Trisodium Citrate, 0.5 g Disodium Citrate and 1 g 

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 µg/kg (etoxazole) and 32 µg/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  

PM10 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 

PM10 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 PM10 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 PM10 and AT 

and BPR, and negative between PM10 and RH, for both periods.  

Keywords: PM10, 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 PM10 [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 PM10 should not exceed          

15 µg/m
3
 and mean 24-hour should not exceed 45 µg/m

3
 [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 (PM10) 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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(PM10) and meteorological factors varies during different seasons. The study conducted by 

Chen et al., [9] found that the correlation between suspended particulate matter (PM10) and air 

temperature is negative during summer and autumn but positive during winter and spring. By 

observing the seasonal variation of PM10, it can be better understood, explained and predicted 

its future concentrations. 

A large number of studies has proven that huge quantities of PM10 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 PM10 near open pit mining area.  

 

MATERIALS AND METHODS 

Study area 

For this study, the public datasets of PM10 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 PM10 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 PM10 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. 
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Table 1 Average concentration of PM10 particles in ambient air in the village Krivelj for period   

2019–2022 

Location   2019 2020 2021 2022 

Measuring 

station 

Krivelj 

Cold period 36.9 28.7 28.3 38.2 

Warm period 27.2 24.8 26.2 28 

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 

PM10 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 PM10 

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 PM10 and AT (atmospheric temperature) and BPR 

(barometric pressure), and negative between PM10 and RH (relative humidity), for both 

periods.  

 

Table 2 Correlation between PM10 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 PM10 concentration and 

meteorological factors such as temperature, humidity and barometric pressure (Table 2) has 

indicated that PM10 is inversely correlated with relative humidity, both for warm and cold 

periods. Thus, when the humidity increases, the average PM10 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 PM10 and AT, which could be unexpected, since the 

obtained results (Table 1) have shown that the concentration of PM10 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 PM10 in the study area [17]. 

 

CONCLUSION 

In this study, average concentrations of PM10 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 PM10 concentrations were slightly higher during cold period. The 

correlation analysis revealed that PM10 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 PM10 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/m² 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
2
) 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
2
. 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/m². 

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

Locality Otesevo 

Depth 

(m) 
Bottom facies (ratio) Class Species 

Density 

(ind/m
2
) 

2 Muddy bottom with shells (50:50) 

Oligochaeta Tubifex tubifex 100 

Hirudinea Glossiphonia maculosa 25 

Gastropoda Valvata piscinalis 25 

Bivalvia Dreissena carinata 125 

Insecta Chironomus plumosus 50 

5 Muddy with Dreissena shells 

Oligochaeta Tubifex tubifex 175 

Gastropoda Valvata piscinalis 25 

Insecta Chironomus plumosus 100 

10 Muddy with Dreissena shells 
Bivalvia Dreissena carinata 400 

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/m². 

 

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

Locality Stenje 

Depth 

(m) 

Bottom facies 

(ratio) 
Class Species 

Density 

(ind/m
2
) 

2 
Muddy bottom 

with shells 

Oligochaeta Tubifex tubifex 50 

Hirudinea Erpobdella octoculata 25 

Amphipoda Gammarus triacanthus prespensis 25 

Insecta Chironomus plumosus 250 

5 
Muddy bottom 

with shells 

Oligochaeta Tubifex tubifex 50 

Hirudinea Erpobdella octoculata 25 

Bivalvia Dreissena carinata 3250 

Amphipoda Gammarus triacanthus prespensis 50 

Insecta Chironomus plumosus 50 

10 Muddy 
Oligochaeta Tubifex tubifex 375 

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 

Depth 

(m) 
Bottom facies (ratio) Class Species 

Density 

(ind/m
2
) 

2 Muddy bottom with shells 

Oligochaeta Eiseniella tetraedra 100 

Gastropoda Pyrgohydrobia prespaensis 25 

Insecta 
Baetis vernus 25 

Chironomus plumosus 25 

5 Shell zone 

Oligochaeta 
Eiseniella tetraedra 1500 

Limnodrilus hoffmeisteri 2000 

Hirudinea Glossiphonia complanata 25 

Gastropoda Valvata piscinalis 25 

Bivalvia Dreissena carinata 1300 

Amphipoda Gammarus triacanthus prespensis 150 

Insecta Chironomus plumosus 1350 

10 
Muddy with shells 

(without vegetation) 

Oligochaeta 
Eiseniella tetraedra 1775 

Limnodrilus hoffmeisteri 1000 

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 

Oligochaeta 

Tubifex tubifex + +  

Eiseniella tetraedra   + 

Limnodrilus hoffmeisteri   + 

Hirudinea 

Glossiphonia maculosa +   

Glossiphonia complanata   + 

Erpobdella octoculata  +  

Gastropoda 
Valvata piscinalis +  + 

Pyrgohydrobia prespaensis   + 

Bivalvia Dreissena carinata + + + 

Amphipoda Gammarus triacanthus prespensis  + + 

Insecta 
Baetis vernus   + 

Chironomus plumosus + + + 

 

 
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
2
) 1200 4225 10750 

Number of species S 5 5 9 

Shannon&Wiener H 2.82 1.38 3 

Margalef d 2.92 2.76 3.47 

Pielou e 0.85 0.4 0.77 

Simpson c 0.18 0.6 0.14 

* red color-very heavily polluted waters; orange - heavily polluted waters; yellow -medium polluted waters; 

green-slightly polluted waters; blue -clean unpolluted waters. 

 

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 аrе 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 Utermöhl [11], using an inverted microscope LW101–2 

trinocular, with epi-illumination module and camera OmniVID, 8.0 MP. 

Chlorophyll a was analysed according to ISO 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). 

Тhe 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 
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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/l. In 

the other seasons, there were no significant differences in the abundance of phytoplankton 

between different points (Figure 1). 

 

 
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 μg l
-1 

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 μg l
-1

, the highest 

values were observed in Pretor (5.04 μg l
-1

) and Slivnica (4.78 μg l
-1

) (Figure 2). 

The average annual total phosphorus concentration in the pelagic zone was 28.87 µg l
-1

, 

while in the littoral zone the highest value of 57.74 µg l
-1

 was recorded in Pretor, in Dolno 

Dupeni was 31.82 µg l
-1 

and at all other points were below 30 μg l
-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. 

 

 
Figure 2  Average annual chlorophyll a concentration at sampling point of Lake Prespa 

 

 
Figure 3 Average annual total phosphorus concentration at sampling points of Lake Prespa 

 



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

 

180 

 

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). 

 

 
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). 

 

 
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 

Species Site Date Latitude Longitude Time 
No. of 

Notes 
singing ♂ 

T. merula 
Zvezdara 

Forest 

4-Feb-

2018 
44.7986111 20.509444 7:30 AM 1 

 

T. merula 
Zvezdara 

Forest 

25-Feb-

2018 
44.7986111 20.509444 8:20 AM 1 

 

T. merula 
Zvezdara 

Forest 

8-Feb-

2019 
44.7986111 20.509722 7:05 AM 1 

 

T. merula 
Zvezdara 

Forest 

16-Feb-

2019 
44.7986111 20.509722 5:15 PM 1 

 

T. merula 
Zvezdara 

Forest 

26-Feb-

2019 
44.7986111 20.509722 7:10 AM 1 

 

T. merula 
Zvezdara 

Forest 

28-Jan-

2021 
44.7986111 20.509722 7:41 AM 1 

 

T. merula 
Zvezdara 

Forest 

8-Feb-

2021 
44.7986111 20.509722 6:28 AM 1 

 

T. merula 
Zvezdara 

Forest 

24-Feb-

2021 
44.7986111 20.509722 6:36 AM 1 

 

T. merula 
Zvezdara 

Forest 

25-Feb-

2021 
44.7986111 20.509722 5:35 PM 1 

 

T. merula 
Zvezdara 

Forest 

14-Feb-

2022 
44.7986111 20.509444 5:05 PM 1 

“silent” 

song 

T. merula 
Zvezdara 

Forest 

18-Feb-

2022 
44.7986111 20.509444 5:18 PM 1 
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Table 1 continued 

T. merula 
Zvezdara 

Forest 

20-Feb-

2022 
44.7986111 20.509444 4:33 PM 1 

intensive 

singing 

T. merula 
Zvezdara 

Forest 

28-Feb-

2022 
44.7986111 20.509444 7:05 AM 1 

rain and 

snow 

T. merula 
Zvezdara 

Forest 

28-Feb-

2022 
44.7986111 20.509444 

11:40 

AM 
1 

 

T. merula 
Zvezdara 

Forest 

13-Jan-

2023 
44.7986111 20.509444 6:05 AM 1 

E.rubecula 

singing at 

same site 

T. merula 
Zvezdara 

Forest 

15-Jan-

2023 
44.7986111 20.509444 3:47 PM 1 

Very short 

song (1 

minute) on 

sunny and 

windy day 

S. 

atricapilla 

Zvezdara 

Forest 

26-Feb-

2018 
44.7986111 20.509444 8:36 AM 1 

 

S. 

atricapilla 

Zvezdara 

Forest 

28-Feb-

2018 
44.7986111 20.509444 3:40 PM 1 

 

S. 

atricapilla 

Zvezdara 

Forest 

24-Feb-

2019 
44.7986111 20.509444 7:12 AM 1 

 

S. 

atricapilla 

Zvezdara 

Forest 

4-Mar-

2019 
44.7986111 20.509722 7:40 AM 

  

S. 

atricapilla 

Zvezdara 

Forest 

8-Mar-

2019 
44.7986111 20.509722 7:50 AM 1 

 

S. 

atricapilla 

Zvezdara 

Forest 

11-Mar-

2022 
44.7986111 20.509444 8:56 AM 1 

 

S. 

atricapilla 

Zvezdara 

Forest 

21-Mar-

2022 
44.7986111 20.509444 7:15 AM 1 

 

E. cirlus Brza Palanka 
17-Oct-

2013 
44.465933 22.449896 2:50 PM 1 

  
 

E. cirlus Prijepolje 
3-Oct-

2014 
43.381002 19.638083 

12:15 

PM 
1 

  

E. cirlus 
Vrnjačka 

Banja 

17-Oct-

2014 
43.618748 20.897502 

11:12 

AM 
1 

  

 
E. cirlus 

Vrnjačka 

Banja 

17-Oct-

2014 
43.618748 20.897502 3:43 PM 1 

  

 
E. cirlus 

Vrnjačka 

Banja 

19-Oct-

2014 
43.618748 20.897502 9:33 AM 1 

  

 
E. cirlus 

Vrnjačka 

Banja 

20-Oct-

2014 
43.618748 20.897502 1:55 PM 1 

  

E. cirlus Gradac River 
26-Oct-

2014 
44.257637 19.889266 

10:15 

AM 
1 

  

 
E. cirlus Gradac River 

26-Oct-

2014 
44.255797 19.888288 

11:03 

AM 
1 

  

 
E. cirlus Nemenikuće 

20-Sep-

2014 
44.492503 20.574956 2:52 PM 1 

  

 
E. cirlus Nemenikuće 

4-Oct-

2014 
44.492503 20.574956 

10:18 

AM 
1 

  

 
E. cirlus Nemenikuće 

12-Oct-

2014 
44.492503 20.574956 

12:41 

PM 
1 

  

E. cirlus Nemenikuće 
4-Nov-

2014 
44.492503 20.574956 1:00 PM 1 

  

 
E. cirlus Nemenikuće 

11-Nov-

2014 
44.492503 20.574956 

12:17 

PM 
1 

  

 
E. cirlus Nemenikuće 

11-Nov-

2014 
44.492503 20.574956 3:45 PM 1 

  

 
E. cirlus Petnica 

9-Nov-

2014 
44.252274 19.939166 

10:05 

AM 
1 

  

E. cirlus Petnica 
9-Nov-

2014 
44.252274 19.939166 1:24 PM 1 

  

E. cirlus Osanica River 
22-Oct-

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 

Species 
Common 

name 

Makatsch (Vögel 

Mit Europe) 

Switzerland 

(Vogelwarte) 

(Rašajski, 

scribendarum) 

Bird Protection and 

Study Society of 

Serbia (proposal) 

Turdus 

merula 

Eurasian 

Blackbird 
Apr 01st –July 10st March 10st–Aug 10st March 20st–June 10st March 15st–July 20st 

Sylvia 

atricapilla 

Eurasian 

Blackcap 
May 15st–July 30st Apr 20st–Aug 10st Apr 20st–July 15st Apr 15st–July 10st 

Emberiza 

cirlus 

Cirl 

Bunting 
Apr 20st–Aug 01st Apr 20st–Sep 08st May 1st–July 01st Apr 10st–Jul 20st 

 

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 Icterine 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 Kruševac, 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 - Medaković II, 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 - SCCI). 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 SCCI 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 - SCCI). 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 SCCI 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 (SCCI) are provided in Table 1.  

 

Table 1 Indicator taxa list and related data 

Group/Species 
Indicator 

weight 

Urban 

area 

Newly-colonized habitats          

(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 

(Latreille, 1804)  
5 + + 

Modicogryllus truncatus (Tarbinsky, 

1940) 
4     

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, 

1761) 
3 +  + 

Eupholidoptera chabrieri schmidti 

(Fieber, 1861)  
4 +  + 

Pachytrachis gracilis (Brunner von 

Wattenwyl, 1861)  
4 +  + 

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 northward expansion  in 

future  

AVES       

Accipiter brevipes (Severtzov, 1850) 4   
predicted northward expansion  in 

future  

Falco naumanni Fleischer, 1818 4   

not breed in Serbia: 

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, 

1766) 
5   

predicted northward expansion  in 

future  

Calandrella brachydactyla (Leisler, 

1814) 
2     

Sitta neumayer Michachellis, 1830 5   
predicted northward expansion  in 

future  

Lanius senator Linnaeus, 1758 4   
predicted northward expansion  in 

future   

Lanius nubicus Lichtenstein, 1823 5   
predicted northward expansion in 

future   

Oenanthe melanoleuca (Güldenstädt, 

1775) 
5   

predicted northward expansion  in 

future  

Monticola solitarius (Linnaeus, 1758) 5   
predicted northward expansion  in 

future  

Monticola saxatilis (Linnaeus, 1758) 3   
predicted northward expansion  in 

future  

Cisticola juncidis (Rafinesque, 1810) 5   
predicted northward expansion  in 

future  

Cettia cetti (Temminck, 1820) 4   
predicted northward expansion  in 

future  

Sylvia crassirostris (Cretzschmar, 1825) 5   
predicted northward expansion  in 

future  

Sylvia cantillans (Pallas, 1764) 5   
predicted northward expansion  in 

future  

Sylvia melanocephala (Gmelin, 1789) 5   

not breed in Serbia: 

predicted northward expansion in 

future   

Hippolais olivetorum (Strickland, 1837) 5   

not breed in Serbia:  

predicted northward expansion in 

future   

Iduna pallida Hemprich & Ehrenberg, 

1833 
4     

Phylloscopus orientalis (C. L. Brehm, 

1855) 
4   

predicted northward expansion  in 

future  

Petronia petronia (Linnaeus, 1766) 4   
predicted northward expansion  in 

future  

Passer hispaniolensis (Temminck, 1820) 4 +   

Emberiza melanocephala (Scopoli, 

1769)  
4     
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Serbian Climate Change Index (SCCI) 

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

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

ai - relative abundance of i
th

-species 

Wi - indicator weight of i
th

-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 SCCI: 

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. 
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Abstract  

The Ćelije reservoir was built to prevent flooding and sedimentation in the Đerdap 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 Ćelije 

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 Ćelije 

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 Ćelije 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 Ćelije spans 12 kilometres in length 

and 450 meters in width, with a maximum depth of approximately 45 meters (average around 



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

195 

 

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 Ćelije 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 Ćelije 

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 Ćelije 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 Ćelije 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 Ćelije (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
2 

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 Sládeček 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 Ćelije in central part of Serbia 

 

RESULTS AND DISCUSSION 

During the monitoring of ichthyofauna of reservoir Ćelije, 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 

Family Species 
2011 2016 2023 

N %N W (g) %W N %N W (g) %W N %N W (g) %W 

Cyprinidae Alburnus alburnus 51 6,75 126 0,12 19 12,75 281 0,93 24 7,67 131 0,21 

 Carassius gibelio 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 0,06 0 0 0 0 0 0 0 0 

 Abramis brama 465 61,58 73675 68.21 29 19,46 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 0,13 12 0,01 0 0 0 0 0 0 0 0 

Percidae Sander lucioperca 93 12,32 15374 14,23 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 4,70 129,5 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 II class of water 

and β-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. 

 

 
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 µS/cm. In 2016 temperature was 25.3°C, conductivity 300 µS/cm and pH 

8.57. In 2011 the temperature was lowest at 21.4°C, conductivity 287 µS/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 Ćelije 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 Ćelije 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 Ćelije 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 Ćelije, 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 CO2 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 μm [5]. Entrapped air or gas contributes to the creation of macropores larger than        

1 μm, 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 CO2 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 CO2 into the 

atmosphere and contributes to approximately 7% of total CO2 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 NOx and SO2. 

 

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 liquid RW immobilization, which serve 

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

 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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 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. 

 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. 

 Permeability: The matrix should be impermeable to water and gases to prevent the 

leaching or release of radionuclides into the environment. 

 Processing Feasibility: The material should be easy to process, handle, and apply using 

existing technologies and equipment. 

 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 

 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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 Energy Savings: Reducing energy consumption associated with processing raw 

materials can lower greenhouse gas emissions. 

 Waste Reduction ‒ Treatment of two types of waste: Recycling helps to minimize waste 

going to landfills, reducing environmental pollution. 

 Lower Pollution Risks: Properly managed recycling can reduce the risk of soil, air, and 

water pollution from waste materials. 

 Climate change and Global Warming Reduction. 

Economic Benefits 

 Cost Savings: Using recycled materials can lower production costs by reducing the need 

for expensive raw materials. 

 Revenue Generation: The recycling industry can generate revenue through the sale of 

recycled products. 

 Job Creation: Establishing new markets for recycled materials can create jobs and 

stimulate economic growth at local and national levels. 

 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 

SO4
2−

, 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 SO4
2− 

(1456 mg/L), Cu (25328 µg/L), and Cd (43 µg/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 SO4
2−

, 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
2
 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
2−

), 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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Figure 1 a) Location of the sampling point; b) Photo of the sampling point taken on 11/10/2023 

 

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 HNO3 (Zorka Šabac, 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 μg/L, 3.3 μg/L, and 0.14 μg/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 II, moderate for class III, 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] II [1] III [1] IV [1] V [1] CP1 [2] CP2 [2] 

pH - 6.5–8.5 6.5–8.5 6.5–8.5  6.5–8.5  <6.5 or >8.5 - - 

EC µS/cm <1000  1000 1500 3000 >3000 - - 

SO4
2−

 mg/L 50 100 200 300 >300 200 - 

Fe µg/L 200 500 1000 2000 >2000 500 - 

Cu µg/L 112 112 500 1000 >1000 15 1000 

Cd µg/L 0.45 0.6 0.9 1.5 >1.5 0.1 3 

 

Diagrams showing the change in pH value, conductivity, and concentrations of SO4
2-

, 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 II, yellow for class III, 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 SO4
2−

, 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 SO4
2˗

, 25328 µg/L Cu, and 43 µg/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. 



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

209 

 

 
Figure 2 Change of a) pH; b) EC; c) SO4

2-
; 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 

Parameter Unit 
statistical values number of days belonging to a class 

min. max. aver. med. I II III IV V 

pH - 4.47 7.17 5.37 5.10 4 - - - 24 

EC µS/cm 844 2320 1324 1234 4 - 8 16 0 

SO4
2˗

 mg/L 898 2115 1456 1407 0 0 0 0 28 

Fe µg/L 65 4730 2116 2352 3 1 3 3 18 

Cu µg/L 2037 57900 25328 24274 0 0 0 0 28 

Cd µg/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
2−

, 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. 

 

 
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 Cánovas 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 µg/L to 2037 µg/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 SO4
2−

 and Cd 

concentrations was less drastic since these species do not precipitate at neutral pH value [1]. 
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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 SO4
2−

, Fe, Cu, and Cd. The concentrations of SO4
2− 

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
3
) 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 

Raška. 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 Simonović [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 (lnS). 

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 

Localities year  
Species 

richness 

Shannon 

Index H 

Reciprocal 

Simpson’s 

Index 1/D 

Alpha 

Index 

A 

Margalef’ 

s Index 

M 

Evenness 

Index J 

Crna Reka 2003 
upper 

course 
7 0.632 3.607 2.161 8.699 0.325 

Above 

mauth in 

W.Morava 

2003 
lower 

course 
7 0.664 4.033 2.764 9.966 0.341 

Mehov krš 2011 
upper 

course 
7 0.609 3.368 1.558 7.01 0.313 

Žičko 

polje 
2011 

lower 

course 
6 0.59 3.174 1.781 8.829 0.329 

Topoljak  2016 
lower 

course 
6 0.444 2.051 1.386 7.437 0.248 

Miljina 

glava  
2017 

upper 

course 
8 0.691 3.742 2.342 8.157 0.332 

Topoljak  2019 
lower 

course 
4 0.314 1.635 0.946 8.305 0.226 

Špiljani  2020 
upper 

course 
5 0.406 1.986 1.541 9.495 0.252 

Mataruška  

banja 
2021 

lower 

course 
5 0.568 3.242 1.663 9.966 0.353 

Špiljani 2023 
upper 

course 
7 0.668 3.774 3.066 10.48 0.343 

Miljina 

glava 
2023 

upper 

course 
4 0.333 1.83 0.925 8.157 0.24 

Topoljak 2023 
lower 

course 
4 0.601 4.168 0.942 8.274 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 Špiljani - 

0.669) and the lowest in the lower course (Topoljak - 0.314) (Table 1).  

The highest value of Margalef’s Index was recorded in Špiljani in 2020, while the lowest 

value was recorded in Mehov krš 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. 
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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.  

 

a)     b)    

  
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] 

Temperature (°C) 
Reaction time (h) 

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].  

 

a) 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 I for temperatures from 25 to 40°C, 

 Dexpan II for temperatures from 10 to 25°C, 

 Dexpan III 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
2
 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.  

 

  
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
2
 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
2
) 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
2
, 50–250 kg/cm

2
), reinforced concrete breaks at 3–5 MPa (30–50 kg/cm

2
,   

300– 500 t/m
2
).  
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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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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,   

lp – 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 FlexiROC 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 FlexiROC T15 R are shown in Table 2.  

 

 
Figure 6  FlexiROC T15 R [8] 

 

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 bar 

Air capacity (FAD) of compressor 

at normal working pressure 
23 l/s 

Engine 48 kW 

Transport dimensions 

(height/ length/ width) 
2250 mm/4950 mm/1770 mm 

 

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 

with blue spray [7] 

Figure 8 Crack formed by the action of 

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 SO2, PM10 and toxic elements As, Cd and Pb in 

PM10 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 SO2, PM10, As in PM10 as well 

Pb and Cd indicated frequent exceedances of defined annual limit values, both at the national and 

European levels. The maximum average annual SO2 concentration reached 372 μg/m
3
 in 2012 and 

was 7.5 times higher than the legally prescribed values. Air quality regarding the levels of PM10 and 

especially As in PM10 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 PM10 

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, SO2, PM10, 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 µg/m
3
. In highly polluted areas, these concentrations can reach up to                    

2,000 µg/m
3
 [1]. 

The European Commission (EC) has determined the allowed limit values (LV) for PM10 as 

follows: the annual LV is 40 μg/m
3
, and the daily LV is 50 μg/m

3
, whereby this value must 

not be exceeded more than 35 times during the year [2]. The US Environmental Protection 

Agency (USEPA) for PM10, on a daily basis, defines the LV of 150 μg/m
3
 [3]. In Serbia, 

concentration of PM10 defined for inhabited areas is 120 µg/m
3
 on a daily basis, and 40 µg/m

3
 

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 – CuFeS2, 

chalcosine – Cu2S, coveline – CuS, arsenopyrite – FeAsS, etc.) was the main source of 

pollution with SO2 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 (SO2), fine suspended 

particles up to 10 μm (PM10), as well as As, Pb, Cd and Ni in PM10, 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 SO2, 

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 SO2 at 

five measuring sites in the Bor area in the period 1994–2023. The limit value for SO2 at the 

annual level is set at 50 μg/m
3
 [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 μg/m
3
, 

implying that the daily and hourly values were also extremely high. During 2022, the average 

annual limit value for SO2 emissions was exceeded only at the measuring site Jugopetrol. The 

SO2 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 μg/m
3
 was not exceeded in 2023. 

 

 
Figure 1 Average annual concentrations of SO2 at five measuring sites in the Bor area in the period 

1994–2023. The limit value (red horizontal line) is defined for SO2 at 50 μg/m
3
 

 

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 μg/m
3
 until 2013, and after that it was reduced to 40 μg/m

3
 for PM10, 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 PM10 annual values. 

The average annual concentrations of As, in suspended particles PM10, were determined at 

eight sites: Town Park, Jugopetrol, Technical Faculty, Krivelj, Institute, Brezonik, Slatina and 

Oštrelj 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
3
 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. 

 

 
Figure 2 Average annual concentrations of As in suspended PM10 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
3
 

 

The annual target value (TV) for Cd content in PM10 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 PM10 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. 

 

 
Figure 3 Average annual concentrations of cadmium in suspended PM10 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
3
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The annual Pb concentrations in PM10 exceeded the annual LV of 0.5 μg/m
3
 [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. 

 

 
Figure 4 Average annual concentrations of Pb in suspended PM10 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 μg/m
3 

 

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. PM10 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
3
. 
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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
2
 [7,10]. Such terrain conditions are a prerequisite for the 

occurrence of torrential floods. Slopes up to 35° are pronounced (Figure1), 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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Figure 1 Slope and hydrology 

[1–4] 

Figure 2 Hypsometry [1–4] Figure 3 Clay content in the 

soil (%) [1–4] 

 

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 Rakovički 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
3
, and for receiving the flood 

wave it is 105,300 m
3
. The average sediment transfer on the barrier profile is 828 m

3
/y [14]. 

After the flood in 1985, two reservoirs were built on the Pariguz stream (Rakovica 

municipality) and on the Bela river (Voždovac 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 Plavšić 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 Petrović [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
3
/s was measured on May 15, 2014, while the average value for the month of 

May 2014 was 1.19 m
3
/s, and 20 days of that month had a flow of less than 1 m

3
/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
3
/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
3
/s (measured in 2011 and 2017) to  

1.14 m
3
/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). 

 

   
Figure 4 Flow values in May 

2014 [16] 

Figure 5 Average monthly flow 

2010–21 [16] 

Figure 6 Average annual flow 

2010–21 [16] 

 

   
Figure 7 Average max monthly 

flow 2010-21 [16] 

Figure 8 Standardized deviation 

of mean annual flows [16] 

Figure 9 Deviation of min and 

max flows from the average [16] 

      

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 ćuprija, 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 Topčider river. 

 

Table 1 Monitoring of the Topcider river [21] 

River Year 

Number 

of 

samples 

II class V class 

River waters 
Microbiological and physical-

chemical 

No % No % 

T
o

p
ci

d
er

 r
iv

er
  

(B
ri

d
g
e 

n
ea

r 
th

e 
h

ip
p

o
d

ro
m

e)
 2008 10 - - 8 80 

2009 10 - - 8 80 

2010 10 - - 7 70 

2011 10 - - 8 80 

2012–2015 23 - - 23 100 

2016 6 - - 6 100 

2017 12 - - 12 100 

2018 12 - - 12 100 

2019 12 - - 12 100 

2020 10 - - 10 100 

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 



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

237 

 

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 μm. 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  Fe2O3(s) + 2C(s) → Zn(g) + 2Fe(s)+ 2CO2(g)                                                                (1) 

PbO(s) + C(s) → Pb(s) + CO(g)                                                                                              (2) 

 

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% 42–47 1.5–1.8 0.6–0.9 4.5 0.5 0.4 2.5 8 7 4 

 

a) b) 

  

Figure 1 Steel plant Niksic: a) electric arc furnace; b) EAF dust 

 

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(0)+a1X(0)+a2X1+……+anX(n-1)                                                                                  (3) 

 

where: - X(0) – initial content of Zn and Pb in EAF dust, 

            - n- number of steps, 

            - an - 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(0)=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. 

 

 
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(dust)97%,  Zn(metal)1%  and  Zn(slag)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)slag 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). 

 

 
Figure 3 The calculated changes of %Pb in EAF dust 

 

 
Figure 4  Simulation of the values of (Zn+Pb)slag 

 

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 m(EAFD)primary=15 kg/t, it is then practically impossible to reach 

Zn(min)=25% regardless of the increase in the mass od EAFD(r).  
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Figure 5 Zn(EAFD) as a function of EAFD(r) (m EAFDprimary=15 kg/t) 

 

In the case of mEAFD(primary)=10 kg/t, (Figure 6) the m(EAFD)(r)=8 kg /t  is needed to reach the 

value of  Zn(min). 

 

 
Figure 6 Zn(EAFD) as a function of EAFD(r) (m EAFD 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)slag 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 Vučedol culture, etc. In 15
th

 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 II, 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 Šibenik and Dugi Rat, the production of primary aluminium in Lozovac 

near Šibenik (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 II 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 Šibenik, 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 

Iron and Steel Sisak Works 

Coke 780 

Pig iron 214 

Crude steel 365 

Steel tubes 357 

Iron and Steel Works Split Crude steel 120 

 Rolled products from concrete steel 105 

Factory ligh metals Šibenik Al-blocks 50 

 Rolled Al and Al-alloys 120 

Factory of ferroalloys and 

electrodes (Šibenik, Dugi Rat) 
Ferroalloys and electrodes 168 

Mill steel Kumrovec Civil engineering profiles 40 

Armko Konjščina Wire and reinforcement  

Mill of seam pipes Potpićan 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 Šibenik (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 Šibenik 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 Konjščina has been producing rolled and drawn wires and reinforcements 

for civil engineering since 1963. Potpićan 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 Šibenik (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 Varaždin 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 Šibenik (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 Šibenik, a device for dust filters in the 

treatment of electrodes was installed (1987), etc. Unfortunately, the production facilities in 

TEF Šibenik 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 Šibenik 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
3
 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 Šibenik invested heavily in the alumina 

electrolysis plant and 10 new, modern closed furnaces with dry filters. Today, Impol-TLM 

Ltd. in Šibenik 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 Šibenik (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 

SiO2 33 41 

Al2O3 20 12 

MgO 36 - 

MnO - 16 

CaO - 25 

Cr2O3 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 II 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 PM10 fraction that exceed legal limits [7–10]. 

 
 

 
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 (PM10 

and PM2.5) 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 

Serial 

number 

Measurement 

point 

Abbreviated 

designation of 

measurement point 

Geographical 

coordinates 

Altitude 

(m) 

Distance from 

the copper 

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 Zoološki vrt ZOO 44°02'20" N 22°05'34" E 436 2400 

5 Jugopetrol JP 44°04'28" N 22°09'27" E 362 3100 
 

 

a) b) 

   
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 PM10 

that exceeded the mean annual limit value (40 µg/m
3
). Mean annual concentrations of PM10 

were 18.3, 16.3, 18.9, 22.5, and 23.3 µg/m
3
 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 PM10. The measuring point JP recorded the 

highest number of days (15) exceeding the daily limit value for PM10 concentration. In 2023, 

none of the measuring points detected concentrations of suspended particles PM2.5 that 

exceeded the mean annual limit value (25 µg/m
3
). Mean annual concentrations of PM2.5 were 

12.3, 11.7, 12.1, 11.6, and 13.3 µg/m
3
 at measurement sites 1–5 respectively. The measuring 

point JP recorded the highest number of days (23) exceeding the daily limit value for PM2.5 

concentration. Figures 3 and 4 display the mean daily concentrations of suspended particles 

PM10 and PM2.5 measured throughout 2023.  

 

 
Figure 3 Mean daily concentrations of PM10 measured in Bor in 2023 

 

 
Figure 4 Mean daily concentrations of PM2.5 measured in Bor in 2023 
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Table 2 Pearson correlation coefficient (r) between the mean daily concentrations of PM10              

and PM2.5 in 2023 

PM10 

TOP 

PM10 

IRM 

PM10 

ZOO 

PM10 

JP 
  

 

PM2.5 

TOP 

PM2.5 

IRM 

PM2.5 

ZOO 

PM2.5 

JP 
  

0.72 0.42 0.43 0.41 
PM10 

TP 

 

0.88 0.45 0.64 0.73 
PM2.5 

TP 

  0.58 0.66 0.45 
PM10 

TOP 

 

  0.67 0.69 0.59 
PM2.5 

TOP 

    0.64 0.42 
PM10 

IRM 

 

    0.66 0.44 
PM2.5 

IRM 

      0.43 
PM10 

ZOO 

 

      0.51 
PM2.5 

ZOO 

 

Based on the value of the Pearson correlation coefficient of the mean daily concentrations 

of suspended particles PM10 and PM2.5 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 PM2.5 concentrations 

are somewhat stronger than correlations between PM10 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) 

  
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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a) b) 

  
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 CO2 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 CO2 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 N2 and O2 

within these products increase, whereas the concentrations of CO2 and H2O 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 NG1NG6 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  

gas 

Composition of natural gas, [vol %] 

CH4 C2H6 C3H8 C4H10 C5H12 CO2 N2 

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 (λ = 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 CO2 

emission factor (Kco2); 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
3
, 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 

((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 (CH4, C2H6, C3H8, C4H10 and C5H12)  

on the heating value (Q) of natural gas 

Natural gas NG1 NG2 NG3 NG4 NG5 NG6 

(CnHm), [vol %] 98.80 97.38 95.85 92.85 88.10 83.90 

Q, [MJ/m
3
] 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, CH4. Consequently, it also has the lowest CO2 emission factor per unit of 

released heat energy (56.1 kg/GJ) compared to other fossil fuels (63110 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 

gC, [kg/m
3
] 0.5384 0.5439 0.5467 0.5377 0.5111 0.4821 

gH, [kg/m
3
] 0.1778 0.1763 0.1745 0.1712 0.1626 0.1533 

gO, [kg/m
3
] 0.0029 0.0211 0.0346 0.0214 0.0200 0.0271 

gN, [kg/m
3
] 0.0125 0.0142 0.0216 0.0706 0.1313 0.1775 

 

The CO2 emission factor was calculated using the equation (1). The calculation results 

presented in Table 4 indicate that the CO2 emission factors for the selected compositions of 

natural gas are entirely consistent with the literature data [9]. 

 

Kco2 = 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
3
]; Q – is the heating value of the natural gas [GJ/m

3
]. 

 

Table 4 CO2 coefficient factor 

Natural gas NG1 NG2 NG3 NG4 NG5 NG6 

Kco2, [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 () 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
3
 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 CO2 content (r(CO2)) 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 CO2 content. Conversely, the 

second lowest values are obtained for gas NG6, which, conversely, has the lowest 

hydrocarbon content and the highest CO2 content. It is evident that the CO2 content in 

combustion products depends on the ratio of CO2 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 CO2 in combustion products as a function of the mass fraction of 

carbon in natural gas, as depicted in Figure 4. 

 

 

 

 
Figure 1 Influence of the excess air 

coefficient on the volume of combustion 

products 

 Figure 2 Influence of the excess air coefficient and 

the total quantity of C, H, O, and N in the gas on the 

volume of combustion products 

 

 

 

 
Figure 3 Influence of the excess air 

coefficient on the CO2 content in combustion 

products 

 Figure 4 Influence of the mass fraction of carbon in 

natural gas and the excess air coefficient on the CO2 

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 

H2 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 (r(H2O)) 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 H2 in natural gas is also taken into account (Figure 6). 

 

 

 

 
Figure 5 Influence of the excess air 

coefficient on the H2O content in combustion 

products 

 Figure 6 Influence of the mass fraction of hydrogen 

in natural gas and the excess air coefficient on the 

H2O content in combustion products 

 

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(O2)) is solely a result of 

excess air. The differences between individual gases are negligible (Figure 7).  

 

 
Figure 7 Influence of the excess air coefficient on the O2 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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Figure 8 Influence of the excess air 

coefficient on the N2 content in combustion 

products 

 Figure 9 Influence of the mass fraction of the N2 in 

natural gas and the excess air coefficient on the N2 

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
3
. 

The CO2 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 N2 and O2, while the concentrations of CO2 and 

H2O 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 CO2 and N2 (NOx), 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 TiO2 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 TiO2 (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
3
. The amount of catalysts in reactions 

was 70 mg/dm
3
, as it gets the best results in degradation. Fungicide standard of thiophanate-

methyl (Figure 1) was obtained from Chemical Agrosava.  

 

 
Figure 1 Thiophanate-methyl 



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

267 

 

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 TiO2, X-ray 

diffractometer Philips 1050 with Ni-filtered Cu Kα 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 TiO2 P25 photocatalyst (P25 in further text). 

 

 
Figure 2 Exploitation cycles of P25, Ag-P25 and Ce-P25 photocatalysts assuming ideal processing 

parameters (5 mg/dm
3
 of TPM and mass of catalyst: 70 mg/dm

3
) 

 

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 Ag2O and CeO2 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
-1

, which is a consequence of the binding of water molecules. Another change 

was observed at 1470 cm
-1

, slightly decreased intensity of the peak originating from the          

Ag-TiO2 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 

TiO2 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 Gradište 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
st
 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 H2S 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 µS/cm in B-4 to a maximum of 583 µS/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 
B-1 B-2 B-3 B-4 B-10 B-13 B-15 

Parameter Unit 

pH    7.16 7.23 7.62 7.53 8.08 8.49 8.2 

Ec μS/cm 499 488 583 362 437 402 476 

Eh mV 371.5 394.2 363 389.9 458.7 414.3 406.6 

DO mgO2/l 2.5 3.59 3.75 2.96 2.03 3.91 2.49 

The consumption of KMnO4 mg/l 8.89 9.05 8.51 16.84 6.71 4.52 5.93 

NH4 mgN/l 1.36 0.72 1.02 0.14 0.97 0.06 0.14 

NO2 mgN/l 0.006 0.054 0.038 0.028 0.01 <0.005 0.011 

NO3 mgN/l 0.15 0.81 0.62 2.83 <0.05 0.63 <0.05 

Cl mg/l 17.6 17.44 17.49 11.07 16.85 16.48 16.69 

SO4 mg/l 3.33 15.5 18.35 25.47 30.03 33.45 34.3 

OP mgP/l 0.218 0.34 0.08 0.262 0.068 0.019 0.009 

H2S mg/l <0.04 <0.04 <0.04 <0.04 0.12 <0.04 <0.04 

TDS mg/l 322 302 360 243 233 213 241 

Total hardness mg CaCO3/l 222.4 233.4 275.4 151.3 218.8 202.9 189.1 

ТОС mg/l 2.48 1.98 3.8 3.89 1.96 1.16 1.2 

Iron (II) mg/l 0.72 0.4 0.21 0.26 1.35 0.32 0.12 

Iron mg/l 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 

 

 
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 (O2), nitrate (NO3
−
), iron oxides [e.g., Fe(OH)3], and sulfate 

(SO4
2-

) as electron acceptors to degrade petroleum hydrocarbons to CO2 and H2O through 

aerobic and anaerobic degradation [denitrification, iron (III) reduction, sulfate reduction, 

methanogenesis]. When these transformations occur, relevant geochemical indicators (e.g., 

NO3
−
, SO4

2-
, CH4) 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-MWCNTs/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. MWCNTs possess good electron conductivity, 

large surface areas, high adsorption capacities, and charge/size ratio, and can be relatively 

easy fabricated in an industrial scale. MWCNTs 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 

https://www.dema.ufscar.br/en/institutional/multi-user-equipment/materials-characterization/fourier-transform-infrared-ft-ir-spectrometer
https://www.googleadservices.com/pagead/aclk?sa=L&ai=DChcSEwiGnf7hi9iFAxVfQkECHXrRCDMYABABGgJ3cw&ase=2&gclid=CjwKCAjwuJ2xBhA3EiwAMVjkVIow36TFqAYTcU5xKGJKxt4pFX0rGVZeD7O6g4KtSaqtrd7leQnLnhoCAkMQAvD_BwE&ohost=www.google.com&cid=CAESVeD2wP1YTWL5xiMZ7auWHy-QtI-d6DATGaV61EQIzUDd8YmaOQgu5lLYyTdlmAlOMojxkI63QEJ7lkIHz9U7OVYRCVSEk0nJ7sji0cGOqMx7_-Vgv4A&sig=AOD64_1-Y4jVzwNBgBZaKZcNdbGnfJUScw&q&nis=4&adurl&ved=2ahUKEwjjmPPhi9iFAxX2VPEDHQz_CH4Q0Qx6BAgJEAM
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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
TM

 -Graphitized Multi-

walled Carbon nanotubes, TNGM3, Purity: >99% OD: 10–20 nm Length: 5–30 µm         

SSA:>80 m
2
/g, 1-phenyl-1-propyne (Alfa Aesar), isobutyraldehyde (Alfa Aesar),                  

1,2-dichloroethane, MgxFe3-xO4 (x=0.5) catalyst, Zn(NO3)2·6H2O (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 MWCNTs and MWCNTs/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 MWCNTs 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 π-π 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 MWCNTs 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 μm).   
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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 (λmax=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
2
. 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:                    

((C0-C)/C0)·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
−1

 

(Figure 1). The presence of aliphatic fragment is suggested by the aliphatic C-H stretching 

bands at 2800–3000 cm
-1

 accompanied by the aromatic C-H stretching band just above      

3000 cm
-1

. In the FT-IR spectra of PPhA-MWCNTs and PPhA-MWCNTs/ZnO were 

observed peaks at about 1270 cm
−1

 and 1710 cm
−1

 attributed to the carboxylic group (C-O and 

C=O). The peaks about 1200 cm
−1

 and 1020 cm
−1

 are related to the C-H and 1550 cm
−1 

to the 

C=C. These bands are characteristics of carbon nanotubes [6].  

 

 
Figure 1 ATR FT-IR analysis of prepared PPhA-MWCNTs and PPhA-MWCNTs/ZnO hybrids 
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Figure 2 shows selected SEM images and EDS spectra of the synthesized PPhA-MWCNTs 

and PPhA-MWCNTs/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-MWCNTs/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 π-π 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-MWCNTs and           

PPhA-MWCNTs/ZnO hybrids 

 

Table 1 EDS results of synthesized PPhA-MWCNTs hybrid materials  

Element Line Wt.% 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-MWCNTs/ZnO hybrid materials  

Element Line Wt.% Atomic % 

C K series 60.60 68.19 

O 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/C0; 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-MWCNTs/ZnO hybrids as photocatalysts under UV light. Figure 

3 A and B presents the concentration ratio C/C0 and degree of degradation of MB as a 

function of the UV irradiation time. The photocatalytic tests revealed that                          

PPhA-MWCNTs/ZnO photocatalyst has higher photocatalytic ability for degradation of MB 

compared to PPhA-MWCNTs. The degree of degradation of MB after 180 minutes UV 

irradiation using PPhA-MWCNTs/ZnO and PPhA-MWCNTs 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 

MWCNTs, 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-MWCNTs 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
2
=0.9847). The equilibrium analysis also showed a negligible 

difference between the experimentally obtained (qe,exp) and model calculated (qe,m) 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
2+

 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
2+

 concentrations, ranging from 5 to 200 mg dm
-3

. 

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.  

 

 
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: 

 

1

m L e
e

L e

q K C
q

K C



                                                                                                                        (1) 

 

where Ce is the equilibrium concentration of metal ions (mg dm
-3

), qe is the equilibrium 

adsorption capacity (mg g
-1

), qm is the maximum adsorption capacity (mg g
-1

) and KL (dm
3
 g

-1
) 

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: 

 

1/n

e f eq K C                                                                                                                         (2) 

 

where Ce is the equilibrium concentration of copper ions in the solution (mg dm
-3

); qe is the 

adsorbent capacity defined as mass of the adsorbed metal per unit mass of the adsorbent    

(mg g
-1

) at equilibrium; KF is the Freundlich equilibrium constant ((mg g
-1

) (dm
3
 mg

-1
)
1/n

), 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: 

 

 lne T eq B K C                                                                                                                   (3) 

 

where B = RT/b is the Temkin constant, which refers to the adsorption heat (J mol
-1

);         

b is the variation of adsorption energy (J mol
-1

); R is the universal gas constant (J mol
-1

 K
-1

);  

T is the temperature (K); KT is the Temkin equilibrium constant (dm
3
 g

-1
); qe is the adsorption 
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capacity defined as mass of the adsorbed metal per unit mass of the adsorbent (mg g
-1

) at 

equilibrium; Ce is the equilibrium concentration of copper ions in the solution (mg dm
-3

). 

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. 

 

 
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   

dm
3 
mg

-1
 

qexp 

mg g
-1

 

qm 

mg g
-1

 
R

2 
KF 1/n R

2 B 

J mol
-1 

KT 

dm
3
 g

-1 R
2 

0.067 1.244 1.324 0.935 0.367 0.244 0.916 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
2
=0.9487), and is the 

best model for describing the equilibrium of the biosorption of Cu
2+

 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
2
=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
3
 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: 

  

CaCO3 (calcium carbonate) + heat → CaO (calcium oxide) + CO2 ↑ (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)2. 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   = 5000 m
3
/day, 

 Mass of CaO for mine water neutralization of 1 m
3
: 1.5 kg, 

 Mass of CaO for daily flow of 5000 m
3
/day is 7.5 t/day, 

 Coefficient of increased consumption: 1, 

 Specific density H2O, ρ: 1000 kg/m
3
 

 

Calculation of the required volume of water to prepare 10% lime milk: 

 

     
         

  
        

        

  
         

  

   
                                                       (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 12.82 0.12 0.06 29.56 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,   = 5000 m
3
/day 

 pHstart = 2; pHend = 9, 

 Molar mass Ca(OH)2, 74 g/mol, 

 Molar mass CaO, 56 g/mol, 

 Activity CaO, 70%, 

 Molar mass CaSO4, 136 g/mol, 

 Molar mass H2SO4, 98 g/mol, 

 Concentration of calcium hydroxide, 10%         . 

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/l, 

 H
+
 concentration at pH 9 = 0.000000001 mol/l, 

 Number of H
+ 

ions,    : 2 

The required mass of Ca(OH)2 to change the pH value from pH 2 to pH 9 is: 

 

         
  (         )   

          
                              

             
 

   
                           (2) 

 

Consumption 10% calcium hydroxide            : 

 

            
        

  
    

    

  
          

 

   
                                                       (3) 

 

Consumption 100% CaO: 

 

          
           

  
 

       

  
     

 

   
                                                                      (4) 

 

Consumption of CaO activity 70%: 
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                                                                                            (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
3+

 ions at concentration of approx. 

150 mg/l 

Precipitation of Fe hydroxide is shown by the following reaction: 

 

                                                                                                (6) 

 

Calculation of CaO consumption was made on the basis of the following initial data: 

 Concentration of Fe
3+

 ion, cca 150 mg/l, 

 Coefficient of increased consumption: 1, 

 Atomic mass Fe, 56 g/mol, 

 Molar mass Fe(OH)3 107 g/mol. 

Consumption 10% Ca(OH)2:  

 

            
             

                       
                 

                             
 

   
                         (7) 

 

Consumption Ca(OH)2:         = 14.85  0.1= 1.485 t/day. 

Consumption 100% CaO:  

 

          
           

  
 

        

  
      

 

   
                                                                  (8) 

 

Consumption of CaO activity 70%: 

 

                        
 

   
                                                                                       (9) 

 

Calculation of the water amount for chemical reaction with CaO, resulting in Ca(OH)2: 

 

     
           

  
 

       

  
     

 

   
                                                                           (10) 
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Calculation of lime consumption for precipitation of Cu
2+

 ions at concentration of approx. 

30 mg/l 

Precipitation of Cu hydroxide is shown by the following reaction: 

 

                                                                                                  (11) 

 

Calculation of lime consumption was made on the basis of the following initial data: 

 Concentration of Cu
2+

 ions, cca 30 mg/l, 

 Coefficient of increased consumption: 1.4, 

 Atomic mass Cu, 64 g/mol, 

 Molar mass Cu(OH)2, 98 g/mol. 

Consumption 10% Ca(OH)2: 

 

             
        

                
                  

                    
 

   
                                            (12) 

 

Consumption of calcium hydroxide:          = 2.40   0.1 = 0.24 t/day . 

Consumption 100% CaO: 

 

          
           

  
 

       

  
      

 

   
                                                                  (13) 

 

Consumption of CaO activity 70%: 

 

                          
 

   
                                                                                  (14) 

 

Calculation of the required amount of water for chemical reaction of CaO and H2O 

resulting in Ca(OH)2 is: 

 

     
           

  
 

       

  
      

 

   
                                                                          (15) 

 

Calculation of lime consumption for precipitation of Zn
2+

 ions at concentration of approx. 

13 mg/l 

Precipitation of Zn hydroxide is shown by the following reaction: 

 

                                                                                                  (16) 
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Calculation of lime consumption was made on the basis of the following initial data: 

 Concentration of Zn
2+

 ions, cca 13 mg/l,   

 Coefficient of increased consumption: 1 

 Atomic mass of Zn, 65.5 g/mol,   

 Molar mass of Zn(OH)2, 99.5 g/mol. 

 

Consumption 10% Ca(OH)2: 

 

             
        

                
             

                      
 

   
                                                  (17) 

 

Consumption of calcium hydroxide:         = 0.73   0.1 = 0.073 t/day. 

Consumption 100% CaO: 

 

          
           

  
 

        

  
       

 

   
                                                              (18) 

 

Consumption of CaO activity 70%: 

 

                            
 

   
                                                                             (19) 

 

Calculation of the required amount of water for chemical reaction of CaO and H2O 

resulting in Ca(OH)2 is: 

 

     
           

  
 

        

  
       

 

   
                                                                      (20) 

The total mass of CaO for treatment of 5000 m
3
/day of mine waste water obtained on the 

basis of previous calculations: 

 

                                 
 

   
                                                           (21) 

 

A 20% higher value is adopted (for other present elements): 4.73 
 

   
 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)2, 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 (Ea), change in 

Gibbs free energy (∆G
0
), enthalpy (∆H

0
), and entropy (∆S

0
), under standard conditions, at different 

temperatures (25
o
C, 35

o
C, and 45

o
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 (ΔG
0
), enthalpy (ΔH

0
) and entropy (ΔS

0
), 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 

0.1M HNO3 and 0.1M KOH. The initial concentration of copper ions in the solution                

(0.2 g dm
-3

), 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
-3

, at 

temperatures of 25
o
C, 35

o
C and 45

o
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. 
 

 

 
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
-1

, while it reached its maximum value of 4.237 mg g
-1

 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]:  

 

A
d

S

C
K

C
                                                                                                                               (1) 

0 ln dG RT K                                                                                                                    (2) 

0 0

ln d

S H
K

R RT

    
    
   

                                                                                                     (3) 

ln lna
d

E
K A

RT

 
  
 

                                                                                                           (4) 

 

where Kd is the equilibrium constant; CA, the concentration of adsorbed substance at 

equilibrium (mol dm
-3

); CS, the equilibrium concentration of metal ions in solution                      

(mol dm
-3

); ΔG
0
, the Gibbs free energy (kJ mol

-1
); R, the universal gas constant (J mol

-1
 K

-1
); 

T, the operated temperature (K); ΔH
0
, the enthalpy change (kJ mol

-1
); ΔS

0
, the entropy change         

(J mol
-1

 K
-1

); Ea, the activation energy (kJ mol
-1

); A, the Arrhenius factor. 

Figure 2 shows the dependence of ln Kd 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. 

 

 
Figure 2 Thermodynamic dependence (ln Kd = 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) ΔG0 (kJ mol-1) ΔH0 (kJ mol-1) ΔS0 (J mol-1 K-1) Ea (kJ mol-1) 

298 3.123 

4870.393 -17.681 40.492 308 5.188 

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 (Ea) 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 (ΔG
0
, ΔH

0
, ΔS

0
 

and Ea) 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, involve the use of iron 

salts. In this study we investigated the effect of pH on dHZ degradation in the presence of ferrous and 

ferric ions in aqueous solutions using UV-Vis spectroscopy. It was found that in acidic solution dHZ 

forms stable complex with ferrous ions. The presence of ferric ions in acidic and neutral aqueous 

solutions of dHZ led to its degradation, which is faster at lower pH. EPR spectroscopy measurements 

showed that degradation of dHZ induced by ferric ions proceeds with the formation of OH
•
 and 

carbon centered dHZ radical. 

Keywords: dihydralazine, complex, iron, degradation, wastewater. 

 

INTRODUCTION 

Pharmaceuticals as biologically active compounds are used to improve health of human 

and animals. These compounds can be metabolized in body or excreted out unchanged in 

waste water. Some of them are toxic compounds which can be accumulated and transmitted 

through the food chain causing detrimental effect on ecosystem [1]. Dihydralazine (dHZ) and 

hydralazine are hydrazine derivatives of phthalazine widely used as drugs in the treatment of 

hypertension. Despite of their side effects such as: headache, loss of appetite, digestive 

problems and increased heart rate they are frequently used drugs due to their low price. Their 

intensive use and manufacturing contribute to their presence as pollutants in domestic and 

pharmaceutical industry waste water. Additionally, they are water soluble compounds 

resistant to hydrolysis [2]. Chemical coagulation based on iron coagulants is used for removal 

of some pharmaceuticals [3]. Ferrous sulfate and ferric chloride are commonly used iron 

coagulants due to their effectiveness as coagulants, ready availability and relatively low cost. 

They are able to form multi-charged mono- and polynuclear complexes with aqua and 
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hydroxo ligands which nature is pH dependent. Ferric coagulants are used over a wide range 

of pH from 4.0 to 11.0 [4]. Herein, we investigated the effect of pH on dHZ degradation in the 

presence of ferrous and ferric ions in aqueous solutions using UV-Vis spectroscopy. The 

mechanism of dHZ degradation induced by ferric ions was studied by EPR spectroscopy.  

 

MATERIALS AND METHODS 

UV-Vis spectroscopy 

UV-Vis spectra of samples were recorded at wavelengths from 200 nm to 800 nm using 

2501 PC Shimadzu spectrophotometer (Kyoto, Japan). Volume of sample was 1 mL with an 

optical path length of 10 mm. Scan time was 50 s. 

EPR spectroscopy 

Free radicals formed in the reaction of dHZ and Fe
3+

 ions were identified by EPR 

spectroscopy measurements using DEPMPO (5-diethoxyphosphoryl-5- methyl-1-pyrroline-N-

oxide) spin trap. All measurements were performed using Bruker EMX Nano (Billerica, 

SAD) at X-band frequency region (~9.65 GHz), under the following conditions: modulation 

amplitude 0.2 mT; modulation frequency 100 kHz; microwave power 5 mW; recording time 

60 s; scanning field 20 mT. Eight spectra were accumulated. Simulations and processing of 

simulated EPR spectra were performed using Win EPR SimFonia program (Bruker 

Analytische Messtechnik GmbH, Karlsruhe, Germany). Simulation parameters were: for 

DEPMPO/OH adduct formed in the reaction with hydroxyl radical (HO
•
): aN=1.4 mT, 

aH=1.32 mT, aHγ (3) = 0.03 mT, aP=4.73 mT [5]; for DEPMPO/OCR adduct formed in the 

reaction with oxidized dHZ: aN=1.45 mT, aH=1.73 mT, aP=4.96 mT [6]. 

 

RESULTS AND DISCUSSION 

Interactions of dHZ and Fe
3+

 ions in acidic (pH 4) and neutral solutions were investigated 

using UV-Vis spectroscopy. Absorption maxima in UV-Vis spectrum of dHZ at 272 nm and 

305 nm originate from hydrazinyl substituents [7], and phthalazine ring [8], respectively. The 

addition of Fe
3+

 ions into acidic dHZ solution led to a decrease of dHZ absorption at 305 nm 

(Figure 1a).  

This changes in dHZ UV-Vis spectra imply its degradation in acidic solution iniciated by 

Fe
3+

 ions. Kinetic of dHZ degradation was studied by measurement of dHZ absorbance at  

305 nm during 40 min (Figure 1b). 

The absorption maxima of hydrazinyl substituents and phthalazine ring of dHZ are 

bathochromically shifted to 279 nm and 318 nm in neutral solution due to its deprotonation 

(Figure 2a). In neutral solution degradation of dHZ in the presence of Fe
3+

 is slower than in 

acidic solution. Such kinetic behaviour can be explained by lower solubility of ferrous ion at 

pH 7 (Figure 2b). 
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Figure 1 a) UV-Vis spectra of 0.1 mM dHZ, 0.1 mM Fe

3+
, and 0.1 mM dHZ in the presence of 0.1 mM 

Fe
3+

 at pH 4; b) Kinetic of dHZ degradation in the presence of Fe
3+

 at pH 4  

 

 
Figure 2 a) UV-Vis spectra of 0.1 mM dHZ, 0.1 mM Fe

3+
, and 0.1 mM dHZ in the presence of 0.1 mM 

Fe
3+

 at pH 7; b) Kinetic of dHZ degradation in the presence of Fe
3+

 at pH 7  

 

Interactions of dHZ and Fe
2+

 were investigated at pH 4 (Figure 3). The hyperchromic shifts 

of absorption maxima of dHZ in the presence of Fe
2+

 ions imply coordination of Fe
2+

 with 

nitrogen donor atoms of dHZ. During 30 min after equilibrium of complex formation no 

changes of its UV-Vis spectrum were observed. 

The stoichiometry of Fe
2+

-dHZ complex was studied by recording of dHZ UV-Vis spectra 

in the presence of various concentrations of Fe
2+

 ion (Figure 4). The increasing of 

concentration of Fe
2+

 ions led to increasing of absorption maxima until 1:1 molar ratio of 

dHZ/Fe
2+

 was reached. According to these results it can be concluded that the stoichiometry 

of Fe
2+

-dHZ complex is 1:1. The proposed structure of Fe
2+

-dHZ complex is shown in Figure 

5. 

 



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

 

302 

 

 
Figure 3 UV-Vis spectra of 0.1 mM dHZ, 0.1 mM Fe

2+
, and 0.1 mM dHZ in the presence                      

of 0.1 mM Fe
3+

 at pH 4  

 

 
Figure 4 UV-Vis spectra of 0.1 mM dHZ in the presence of different concentrations                            

of Fe
2+

 ions at pH 4 

 

 
Figure 5 The proposed structure of Fe

2+
-dHZ complex 
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The addition of Fe
2+

 ions into the neutral solution of dHZ induces significant changes in its 

UV-Vis spectra which are manifested as a complete dissaperance of absorption maximum at 

318 nm. The observed degradation of dHZ in the presence of Fe
2+

 ions at pH 7 can be 

explained by fast oxidation of Fe
2+

 ions into Fe
3+

 ions (Figure 6). At pH 7 the degradation of 

dHZ after addition of Fe
2+

 ions is faster than its degradation in the presence of Fe
3+

 ions at the 

same pH. The faster kinetic of dHZ degradation at pH 7 after addition of Fe
2+

 ions can be 

related with initial better solubility of Fe
2+

 ions than Fe
3+

 ions at this pH and their very fast in 

situ oxidation by air oxygen into Fe
3+

. 

 

 
Figure 6 a) UV-Vis spectra of 0.1 mM dHZ, 0.1 mM Fe

2+
, and 0.1 mM dHZ in the presence of 0.1 mM 

Fe
2+ 

at pH 7; b) Kinetic of dHZ degradation in the presence of Fe
2+

 at pH 7 

 

The formation of free radicals in the oxidation reaction of dHZ in the presence of Fe
3+

 ions 

at pH 4 was investigated by EPR spectroscopy using spin trap DEPMPO                                 

(5-(diethoxyphosphoryl)-5-methyl-1-pyrroline-N-oxide). The results showed the formation of 

free radicals OH• and the carbon centered radical of dHZ in the reaction between dHZ and 

Fe
3+

 ions at pH 4 (Figure 7). 

 

 
Figure 7 EPR spectra of DEPMPO adduct formed in the system dHZ (1 mM) and Fe

3+
 (1 mM) in the 

presence of (10 mM) DEPMPO, Red– simulation of the spectra obtained by the combined signals 

DEPMPO/OH adduct (71%) and DEPMPO/OCR adduct (29%) 
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CONCLUSION 

dHZ is stable in acidic and neutral aqueous solutions. In acidic solution dHZ forms stable 

complex with Fe
2+

 ions with 1:1 stoichiometry. The presence of ferric ions in acidic and 

neutral aqueous solutions of dHZ led to its degradation, which is faster at lower pH due to 

better solubility of ferric ions. The addition of ferrous ions into neutral solution of dHZ and 

their in situ oxidation to ferric ions enhance degradation of dHZ in comparison with 

degradation process induced by ferric ions initially present at the same pH. EPR spectroscopy 

measurements showed that degradation of dHZ induced by ferric ions proceeds with the 

formation of OH
•
 and carbon centered dHZ radical. The obtained results indicate that the 

application of chemical coagulation based on iron coagulants for the removal of pollutants 

from wastewater by adsorption would be accompanied by redox degradation of dHZ with the 

possible formation of toxic products. 
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Abstract  

The introductory part of the paper lists the processes where oily wastewater is generated, as well as 

the places where it is mainly generated. Then, the conventional procedures for the treatment of oily 

wastewater and today's trends with newer procedures are listed. Legal regulations on water are 

presented through the Framework Directive on Water, the Law on Water and the Regulation on the 

Conditions of Discharge of Wastewater into the Environment and Public Sewerage Systems. The 

central part of the work describes the sources of danger and damage from the plant as well as the 

treatment of wastewater with an emphasis on sedimentation, and the monitoring of the quality and 

quantity of wastewater. In the end, it was stated that in the future, the integration of several systems or 

methods should be implemented in order to achieve the best possible scenario for the cleaning of oily 

wastewater. 

Keywords: oily wastewater, Water Framework Directive, primary, secondary and tertiary 

treatment systems. 

 

INTRODUCTION 

Oily wastewater 

For the needs of technological and energy processes in the industry, significant amounts of 

water are used, and significant amounts of wastewater are generated, including oily 

wastewater. With the increase in industrial production, the amount of generated oily 

wastewater is also increasing on a global level. Ecologically acceptable ways of their disposal 

while minimizing the costs of construction, operation and maintenance of facilities for their 

purification with final disposal in the environment or use as technological water represent a 

great challenge. That is why the efforts to find new technological solutions for purifying oily 

wastewater are becoming more and more pronounced. 

Oily wastewater is produced mainly from oil processing, petrochemical, metallurgical and 

many other industries, maritime traffic and the collection of water from oil and grease 

separators from roads and parking areas. Oils and fats in these wastewaters, together with 

other contents such as heavy metals, cyanite, etc., are classified as hazardous waste and must 

be removed before discharge into the environment or the use of purified water as 

technological. 

Conventional procedures for purifying oily wastewater (chemical coagulation, flotation, 

biological treatment, membrane procedures, etc.) often do not ensure satisfactory purification 

efficiency when applied independently, which, along with the additional fact that purification 

devices based on these technologies are characterized by increased construction costs, 
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operation and maintenance, makes it less acceptable in practice. From the above follows the 

need for the development of new technologies that will be more economically and 

environmentally acceptable with simpler operation and maintenance. Today's trends are 

aimed at researching the efficiency of purifying oily wastewater with ultrasonic and 

electrochemical procedures and combinations of different technologies (hybrid procedures) 

[1]. 

 

MATERIALS AND METHODS 

Legal regulation on water 

Water Framework Directive 

The Water Framework Directive (2000/60/EC) was adopted by the Parliament and the 

Council of the European Union on October 23, 2000. This directive is the highest act related 

to water in the EU. The general goal of this directive from the aspect of environmental 

protection is to achieve “good water status” throughout the EU by 2015 and to maintain that 

status thereafter. The directive entered into force on December 22, 2000.  

The key policy objectives of the European Union contained in the Water Framework 

Directive are: comprehensive protection of all waters, good status of all waters, integral river 

basin management, “combined approach”, pricing rule and public involvement [2]. 

Water Law 

This Law regulates the manner of water management within the territory of the Federation 

of Bosnia and Herzegovina.Water management includes: protection of water, use of water, 

protection against harmful effects of water and arrangement of watercourses and other waters. 

This Law regulates: water resources and public water resources, water facilities, legal 

entities and other institutions responsible for certain issues of water management and other 

issues related to water in the Federation [3]. 

Regulation on conditions for discharge of wastewater into the environment and public 

sewage systems  

This regulation establishes: conditions for collection, purification and discharge of 

municipal wastewater, conditions for purification and discharge of technological wastewater 

into the environment or public sewage systems, limit values of wastewater emissions when 

discharged into the environment or public sewage systems, deadlines for reaching limit 

values, and wastewater monitoring and testing [4]. 

Sources of danger and harm 

Sources of danger and damage to the environment, which can threaten the environment, 

are divided into: sources of air pollution, sources of water pollution, sources of soil 

endangerment, sources of noise, causes of desecration of visual effects on the environment 

[5].  

Sources of water pollution  

Sanitary/fecal wastewater is discharged into the public sewage system. In this way, they 

are fully taken care of. Rainwater from traffic and manipulative surfaces is drained to a 

sedimentation tank through a drainage system and a system of underground canals, and is 
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then passed on to the public sewage system. Once a year, wastewater is sampled at the 

clarifiers, and regular monitoring is carried out [5]. 

 

RESULTS AND DISCUSSION 

Wastewater treatments 

Primary treatment of wastewater 

The aim of primary treatment is to first remove coarse solid objects and other larger 

objects that can often be found in raw wastewater - pre-treatment. Removal of these materials 

is necessary to improve the operation and maintenance of the following components in the 

system. The operations of this wastewater treatment usually include coarse screening, gravel 

removal and, in some cases, comminution of large objects. In gravel chambers, the water 

velocity is kept high enough, or air is used, to prevent settling of most organic solids. Gravel 

removal is not treated as a pretreatment step in most small wastewater treatment plants. 

Sometimes shredders are additionally used as an addition to the coarse screening process, 

which reduce the size of the particulates in the wastewater, so that they can be removed as 

sludge in the subsequent wastewater treatment processes. One of the processes that can be 

used in the preliminary treatment of wastewater is chlorination. 

A further process of primary treatment is deposition. For this stage of wastewater 

treatment, a device called a settling tank or primary settling tank is used, and its basic function 

is to separate clean water from biomass. If necessary, a screening device can be installed to 

prevent the entry of unwanted larger pieces of various materials [6]. 

A sedimentation tank is an underground tank with one partition wall. Within it, two main 

processes of wastewater treatment take place - the first is sedimentation or deposition and the 

second is stabilization and digestion of settled sludge through biological treatment. The 

volume space is usually enough for 18 to 36 months of operation, which is necessary for a 

stable process. 

Secondary treatment of wastewater 

Secondary treatment (biological treatment) of wastewater is the next treatment after the 

primary one, the aim of which is to remove residual organic matter and suspended solids. In 

most cases, secondary treatment follows primary treatment and involves the removal of 

dissolved biodegradable and colloidal organic matter using aerobic biological processes. 

Aerobic biological treatment is carried out in the presence of oxygen by aerobic 

microorganisms (mainly bacteria) that metabolize organic matter in wastewater, which 

produces more microorganisms and inorganic final products (mainly CO2, NH3 and H2O). 

A simple system of septic tanks is the most well-known method of primary and secondary 

wastewater treatment “on-site” due to its great advantages. Septic tanks remove almost all 

solid suspended material and, in addition, function as anaerobic bioreactors in which partial 

digestion of organic matter takes place [7]. 

Tertiary treatment of wastewater 

The purpose of tertiary wastewater treatment is to provide the final stage of wastewater 

treatment and thereby ensure its higher quality before it is released into the environment (sea, 
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river, lake, land, etc.). Several tertiary treatments can be used in wastewater treatment plants. 

If disinfection is carried out, it is always the final process, and it is also called “wastewater 

polishing”. Tertiary treatment is used in cases where wastewater contains specific pollutants 

that must be removed, and this is not achieved by secondary treatment. Therefore, special 

processes are used that are necessary for the removal of nitrogen, phosphorus, additional 

suspended substances, heavy metals, etc. 

Nitrogen removal is carried out through its biological oxidation from ammonia to nitrates 

(nitrification), followed by denitrification, which converts nitrates into gaseous nitrogen, 

which is then released into the atmosphere. In this way, nitrogen is removed from wastewater 

during its treatment [8]. 

Phosphorus removal is important because it is a determining factor for algal growth and 

nutrients in many aquatic systems. Phosphorus can be removed by the so-called biological 

method. alternative biological processes for phosphorus removal. It can also be removed by 

chemical precipitation, usually with iron salts (e.g. iron chlorides), aluminum (alum) or lime. 

Chemical phosphorus removal requires significantly less equipment, is easier to perform and 

is often more reliable than the same biological treatment. Another method for phosphorus 

removal is the use of granular laterite. Once removed, the phosphorus, in the form of         

high-phosphate sludge, can be stored in a landfill or processed for use in mineral fertilizers 

[8]. 

Sedimentation  

Sedimentation is one of the important procedures of the first stage of purification. 

Sedimentation is the process of removing solids from liquids. The separation is done by the 

forces of gravity, and the course of the procedure depends on the density and size of the solid 

particles [9]. 

Rectangular precipitator 

Precipitators are used on water purification devices to separate precipitable dispersed 

substances before the start of other purification processes or are used in the subsequent 

sedimentation process after biological and chemical purification processes [9]. The time 

required to separate dispersed substances from water by gravity depends on the size and type 

of particles. 

The waste water that is fed to the previous clarifiers differs from the ideal liquid, so the 

dispersed substances are found in the form of grains, but also flakes. In waters that have been 

previously purified by biological or chemical processes, dispersed substances are mainly 

found in the form of flakes. Precipitators used for wastewater treatment, according to their 

position on the devices, are divided into: previous precipitators (primary) and subsequent 

precipitators (secondary) [9]. 

In some procedures of the second and third degree of purification, intermediate 

precipitators are also used. According to the shape of the clarifier floor plan, they are divided 

into: rectangular and round [9]. 

Furthermore, settling tanks differ according to the way water is introduced into the settling 

tanks, so they are: with horizontal (horizontal) flow and with vertical (vertical) flow [9]. 
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Solids from wastewater settle under the influence of gravity, and collect at the bottom, 

from where they are separated as sludge (raw sludge). In the event that the sludge from the 

bottom is maintained in a floating state and water for clarification is introduced through such 

a layer, there will be a greater possibility of joining two or more particles, whereby the 

sedimentation effect will increase. In this way, deposition is performed through a "contact" 

layer, and therefore, according to the method of deposition, precipitators can be: static and 

contact or accelerated [9]. 

Monitoring of wastewater quality and quantity 

Monitoring of wastewater is carried out in accordance with the Regulation on conditions 

for the discharge of wastewater into the environment and public sewage systems, Official 

Gazette of FBiH no. 101/15 and the Decree amending the decree on the conditions for 

discharge of wastewater into the environment and public sewage systems, Official Gazette of 

the FBiH no. 01/16. Sampling of wastewater is carried out during the technological process, 

at the control point directly before the discharge of waste water into the environment or the 

public sewage system according to the applicable standards: 

1. BAS EN ISO 5667 - 1 : Sampling — Part 1: Guidance for designing sampling programs 

and sampling techniques, 

2. BAS EN ISO 5667 - 3: Sampling — Part 3: Guidelines for the storage and handling of 

water samples, 

3. BAS EN ISO 5667 - 10: Sampling — Part 10: Guidelines for wastewater sampling, 

4. BAS EN ISO 5667 - 16: Sampling — Part 16: Guidelines for the bioassay of samples. 

Sampling is manual or automatic, samples are one-time or composite 8, 16 or 24-hour 

samples (depending on the duration of the technological process). The time interval for 

sampling and flow measurement is 60 min. 

The measurement of the amount of technological wastewater as well as the taking of 

samples for testing their chemical composition will be performed at the connection points of 

the technological collectors to the public sewage system/at the point of discharge into the 

environment in order to be able to monitor the average and maximum values. In order to 

provide a simple inspection and measurement of the total quantities of wastewater as well as 

simple sampling of wastewater, every industrial and commercial user is obliged to make an 

audit shaft of appropriate dimensions at every connection of technological wastewater to the 

public sewage system/at the point of discharge into the environment. 

In all samples, the following must be tested: relevant flow, temperature, pH, smell, color, 

dissolved oxygen content, BOD5, COD, suspended matter, sedimentable matter, electrical 

conductivity, total suspended matter, ammonia nitrogen NH4-N, total N, total P, toxicity test 

(bioassay with Daphnia magna Straus). Also, depending on the type of wastewater, specific 

parameters are made (highly volatile lipophilic substances — oils and fats, metals, etc.) [10]. 

 

CONCLUSION 

Oily industrial waste water originates mainly from oil processing, metallurgical and many 

other industries (milk processing and production of dairy products, meat processing, 

preservation of meat products, during exploitation, washing and separation of coal, etc.). 
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Oily wastewater most often appears in the form of an emulsion, which represents a major 

environmental problem. 

The framework directive on water has a general goal of achieving “good water status”, 

while the Regulation on the conditions for the discharge of wastewater into the environment 

and public sewage systems establishes the conditions for the treatment and discharge of 

technological wastewater and the limit values of wastewater emissions when they are 

discharged into the environment or public sewage systems sewage. 

Wastewater treatment includes: primary wastewater treatment, secondary wastewater 

treatment and tertiary wastewater treatment. 

The latest treatments for oily wastewater are aimed at improving purification performance, 

eliminating secondary waste, and reducing costs for the implementation of oily wastewater 

treatment systems. 

In the future, the integration of several systems or methods should be implemented in order 

to achieve the best possible scenarios for the cleaning of oily wastewater, thus fulfilling the 

aforementioned goals. 
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Abstract 

Agriculture helps to sustain life by ensuring survival and contributing to the global economy. The 

revolution of plastics in agriculture from 1940 onwards led to a transformation of agricultural activity 

to rapidly increase productivity. Unfortunately, the use of plastics in agriculture is a double-edged 

sword. Plastic pollution has serious environmental, social, economic, and health consequences. 

Plastics of different sizes are found in ecosystems. Depending on their composition they are 

distributed in soil, water and air. Agriculture is one of the few sources of plastic that are the most 

frequently discussed. Therefore, the authors focus on the environmental risks – posed by evidence of 

plastic pollution and bed practice of waste management (WM) in agriculture. Those risks are briefly 

explained in this article. Using an appropriate social science methodology, the article presents the 

interdisciplinary work. The results presented in the form of recommendations are a basis for further 

research and societal discussion. At a time when landfills are frequently burning in the Republic of 

Serbia (Vinča in Belgrade, Duboko in Užice, etc.), the question arises: can we avoid the 

environmental consequences caused by inadequate management of agricultural plastic waste 

management? The main recommendation is that environmental impact assessment must be included in 

the overall process of risk management in agriculture, new recycling concepts must be accepted and 

an appropriate legal framework should be established. 

Keywords: agricultural plastic waste, APW, microplastics, risk management, sustainability. 

 

INTRODUCTION 

From the dawn of humankind people strived to provide enough food for living, shifting 

from hunter gathering to an agrarian basis and that to urban living. Despite all efforts the 

hunger still is a concern of millions of people about the entire world. All governments, 

together with other interested parties, constantly striving to improve global crop yields to keep 

up with global population growth. Agriculture as unavoidable part of sustainable 

developments strategy in 21
st
 century faces a major sustainable challenge: developing more 

towards a more sustainable method of production that is accepted and valued by society [1].  
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In a time when Information and Communication Technologies (ICTs) are constantly 

redefining industries, agriculture is no exception. Precision agriculture (“smart farming”) 

represent integration of artificial intelligence (AI) into farming techniques. Despite ongoing 

challenges, there is a belief that this concept-powered solution empowers farmers to optimize 

resource management and diminish environmental impact. Meanwhile, the applications of 

new technologies in agriculture, like everywhere else, brought unexpected environmental 

risks. In the modernization process of food production, the use of various agricultural plastics 

becomes inevitable. Agricultural plastic is a collective term that is generally used for products 

made from plastic in agricultural. China, South Korea, Spain and Turkey use significant 

amounts of agricultural plastic for greenhouses. Mainstream of urban growing food used a 

method of vertical farming, hydroponics, aquaponics, and small greenhouse increased the use 

of agricultural plastic. Hence, despite all benefits increasing use has raised concerns about the 

environmental impacts and sustainability. The United Nation Food and Agriculture 

Organization in 2021 launched a call for new action, assess of agricultural plastics and their 

sustainability [2]. 

Authors in the article investigate the newly recognized environmental risk of agricultural 

plastic waste (APW) pollution. Literature confirmed that till the end of 20
th

 century, the term 

plastic pollution did not existed. The history of research around plastic pollution begins in the 

middle of the ocean basins, thousands of kilometers from land, when scientists discovered the 

Great Pacific Garbage Pitch in 1997 [3]. Global research community investigating plastic 

pollution and trying to understand how these diverse plastic particles interact with physical 

and biological environments, which has led to an expanded body of knowledge. The 

investigation of plastic pollution is very complex. Rochman [4] explained that “broad 

interactions of plastic waste and planetary cycles also bring up questions about how such 

processes may be affected by the combination of resource extraction, invasive species, 

climate change, eutrophication, chemical pollution, and plastic pollution, among others”. 

Over the last decade, the amount of research about and attention to the topic has elevated 

plastic pollution to the global stage, and set priorities for research and policy [4]. 

The transition from a linear to a circular economy in the European Union (UN) relating to 

agriculture is becoming more stringent in the area of APW management. Countries need to 

increase their efforts to be sustainable by imitating the nature where everything returns to the 

cycle [5]. The circular process has already been initiated in agriculture, but agricultural waste 

(especially plastic waste) has a significant potential to be utilized, which necessitates greater 

attention and research. 

Serbian scientists are not an exception in those actions. The small consortium in 2020 

applied on call IDEAS of the Science Fund of the Republic of Serbia. The Fund recognizes 

the importance of plastic pollution as an important scientific and social topics. Hence, the 

project titled: Evaluation of Microplastic in the Soils of Serbia (EMIPLAST-SoS) is approved 

for finance as one of the 105 projects in a period 2022–2024.  

This article is a result of the theoretical research related to the environmental risk aspects 

of using agricultural plastic in the Republic of Serbia. Article after introduction in the first 

part explain the most important terms related to the APW, briefly explained the possible 

environmental risks caused by inadequate APW management, present conclusion and used 



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

313 

 

references. Since the last phase of the project is ongoing, the article ended with few 

recommendations related to the improvement risk management in agriculture and highlighted 

the need for creation adequate legislative framework which should prevent plastic pollution.  

 

MATERIALS AND METHODS 

In a process of article preparation authors used appropriate social science methodology: 

analysis of documents, historical approach followed by with the field research in some 

specific areas where they detected the existence of agricultural plastics waste, and 

environmental risks related with use of agricultural plastics. Authors in the first phase of 

project investigated the available literature in the field of sustainable development, plastic 

pollution as an environmental risk, smart and sustainable agriculture, climate change and 

extreme weather events. Literature was searched from numerous libraries and trough different 

websites. The documents were also collected from electronic sources: Literature Resource 

Center like Go Gale Group EBSCOhost, Academic OneFile, e Library, and printing material 

(books, journals, official documents).  

 

USE OF AGRICULTURAL PLASTICS – FROM SOLUTION FROM THE PAST 

TO THE CURRENT CHALLENGES 

From the creation of the first field greenhouse, covered from the new kind of plastic by a 

horticulture professor in the College of Agriculture at the University of Kentucky, Emery 

Emmert, plastic is tightly woven into the structure of agriculture. Wide range of plastics are 

used in agriculture, including polyolefins (PO), polyethylene (PE), polypropylene (PP), poly-

vinyl chloride (PVC), polycarbonate (PC), etc. [6]. Products from those materials are used in 

greenhouses, tunnels mulch, silage, reservoirs and irrigation and for many other purposes. 

Agricultural plastics provide multiple benefits, including weed and pest control, soil moisture 

conservation, a means to control soil and air temperatures, and enhanced nutrient uptake, 

which impacts several United Nations Sustainable Development Goals [7]. 

In 2022 global plastic production was estimated at 400.3 million metric tons, an annual 

increase of about 1.6 percent. The Global Agricultural Plastic Market reached USD 10.6 

billion in 2022 and is expected to reach USD 17.1 billion by 2030 [8]. Unfortunately, after the 

use agricultural plastics became an agricultural waste. The durability of lifetime of an 

agricultural plastic depends on several factors. In general, the useful life of an agricultural 

plastic is estimated to be between two or three years. There is numerous evidence that APW 

abandon on field under the specific natural and anthropogenic factors can lead to 

unpredictable effect in the environment. The results of that processes are 

degradation/defragmentation of plastic waste. Plastic that ends up in the soil varies in size 

from macroplastics (>5 mm) to microplastics (<5 mm) and nanoplastics (<1 μm) [9].  

Managing APW is a complex process. One of the most important reasons for its limitation, 

and the lack of needed data is the most difficult to effectively identify and measure plastic 

pollution in a standardized way. Although recycling initiatives are accelerating, the 

agricultural plastics sector faces challenges due to lacking WM policies and infrastructures. 

Most agricultural plastics after its use stay on site contaminated by pesticide, dirt, rocks, plant 
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residuals, etc. Impoverished farmers are unaware of possible consequences of APW and give 

up its recycling. The previously used concept of 3Rs of WM (reduce, reuse, and recycle) is 

now extended to address the new issues of plastic use in agriculture. Therefore, the 2021 FAO 

Assessment Report identified alternatives and interventions to improve the circularity and 

sound management of APW based on the 6Rs model (refuse, redesign, reduce, reuse, recycle 

and recover) [10]. Despite positive efforts of interested parties the management of APW is not 

a target in the European Union and Australia. A 2022 report by the United Nations 

Environment Program (UNEP) found that plastics are leaching into soil at an alarming rate, 

causing widespread contamination of agricultural soil and food supply [11].  

 

AGRICULTURAL PLASTIC WASTE AS A NEW ENVIRONMENTAL RISK  

The inadequate agricultural waste disposal practice has become crucial in discussion on 

harmful effects of modern agriculture. Agricultural plastic waste is considered as industrial 

waste, from non-hazardous economic activities [12] which use led to an increase in 

environmental pollution. In the different kinds of those wastes, the risk of plastic waste in 

agriculture should be particularly addressed. Despite the fact that in the Republic of Serbia 

(RS), we witnessed bad practice related to the APW: abandonment, burring in fields, disposal 

in municipal landfills, etc. (Figure 1). This issue starts to be more serious in a case of 

emergencies, like extreme weather events (hail, heavy rain, floods, strong wind etc.) and 

forest fires. For example, in the RS in 2021, there were 15 thousand hectares flooded area by 

surface and ground water, of which 52.9% referred to utilized agricultural land. The area of 

eroded land in 2021 amounted to 3 912 km
2
 [13]. In rural area APW mismanagement 

represents significant risk and could irreparably harm ecosystems. All environmental media 

are jeopardized, as well human health. Therefore, the question about the use of agricultural 

plastic becomes a hot topic for all interested parties in society. Are agricultural plastics a 

“curse” or a “blessing” for society? The empirical evidence suggests either outcome is 

possible. 

 

   
Figure 1 Different use of agroplastics in surrounding village Beška (private archive of authors) 

 

Although at the beginning most researchers investigate the influence of plastic in aquatic 

ecosystems [14], recently, the research topic of interest shifted to the occurrence of APW 

pollution in soil, air and biosphere. Soil environment greatly affected by the presence of 

microplastics (MPs) became an interesting field of study regarding source, potential toxicity, 

pathways and their sinks in the ecosystem [15]. The plastics degradation takes place very 

slowly and produces a host of secondary pollutants, which include a diversity of volatile 
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organics, representing a risk of groundwater contamination [16].  

MPs are inherently toxic, which is mainly due to the use of plastic additives and some 

other substances, potentially more dangerous than the plastic itself. The recent report stated 

than currently around 24% of the additives used in plastic production are of potential concern 

[17]. Plastic additives in agricultural soil encompassing plasticizers, antioxidants and 

stabilizers pose a potential risk to farmworkers and nearby communities. Some of the health 

risks are related to the endocrine disruption, respiratory risks, skin irritation etc. The airborne 

MPs and their potential risk to human health and those through the food chain are 

documented as an additional risk, have not been fully realized and have not received the 

attention they deserve. Hence, environmental risk assessment (ERA) should become a 

necessary part of every future action related to the management of APW. To curb microplastic 

contamination, governments are encouraging the adoption of biodegradable alternatives and 

are exploring plastic usage bans in agriculture. Dr Andrew Forest recommended three big 

interventions helpful for mitigation of plastic waste pollution:  

 Limit fossil fuel plastic production and consumption;  

 Increase plastic products and materials that are designed for circularity and are 

circulated in practice, and 

 Eliminate plastic leakage to the environment across the lifecycle through 

environmentally sound waste management [18].  

Taking all of the above into consideration, it can be concluded that we already know the 

enormous benefits that agricultural plastics can provide, and now we have begun to prevent 

their environmental threats and risks. 

 

CONCLUSION 

A growing role for agricultural plastics makes agricultural plastics an enormous 

environmental risk. More plastic means more plastic waste and more pollution. Before the full 

implementation of the smart agriculture concept, it is urgently necessary to improve 

environmental risk management in agriculture. It's important to point out that researchers 

should investigate both environmental risks that result in damage to agriculture and those 

caused by agriculture itself. Hence, an adequate APW plan is a key component of a farm risk 

management plan. However, there are many irrefutable facts that recycling is failing to scale 

fast enough and remains a marginal activity for the agriculture sector. Future research should 

focus on microplastics monitoring techniques along the supply chain and improved APW 

management, followed by needed legislation framework.  
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Abstract  

The alkaline activation could be useful to improve the adsorption abilities of hydrochars. In this 

regard, the aim of this work was a comparison of the efficiency of non-modified (HPL) and modified 

hydrochar (MHPL) forms during the adsorption of cadmium (Cd) ions from aqueous media. It was 

found that MHPL had a higher capacity (qm=19.60 mg/g) and a different mechanism of bonding than 

HPL (qm=11.76 mg/g). The Langmuir isotherms model best described Cd(II) adsorption by HPL, while 

the Freundlich isotherm model better-described adsorption by alkali modified form. The SEM/EDS 

and the FTIR analysis confirmed that there is a structural difference between these two new 

adsorption materials, which might be attributed to the influence of the NaOH treatment. Also, the 

FTIR analysis showed that MHPL adsorbent most binds Cd ions using oxygen functional groups. It 

can be concluded that this paper also confirmed that alkaline modification improves the adsorption 

capacity of hydrochar. 

Keywords: alkali modified hydrochar, adsorption of Cd ions, isotherm studies, SEM/EDS, 

FTIR analysis.  

 

INTRODUCTION 

The hydrothermal carbonization process (HTC) is a promising, low-cost cost, and simple 

method for the conversion of waste biomass with many benefits. Depending on chemical 

structures hydrochar might be useful for wastewater remediation, and adsorption of solute 

pollutants [1,2]. One of the advantages of hydrochar materials is the possibility of improving 

their potential with various modifications. There are physical and chemical ways of 

activation, which generally increase the efficiency of application [2]. Cadmium (Cd) is one of 

the most polluting heavy metals of wastewater because is a constituent of many industries' 

products (batteries, paint pigments, etc.) [3]. Unfortunately, due to industrial production, Cd is 

significantly available and transported to natural waters, ores, soils, and even food chains. 

Cadmium causes various health toxic effects for humans, animals, and plants [4]. Therefore, 

is necessary to develop low-cost and efficient products to remove Cd from the natural 

environment [3,4]. Among the all traditional technologies used for remediation, adsorption 

was recognized as a very suitable method for wastewater treatment. Efficiency, high 

selectivity, and cost-effectively are some of the benefits of used adsorbents [5].  
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The commercial cultivation of Paulownia tree trunks results in a significant amount of 

large leaves, often discarded as waste. The disposal problem can be solved by further 

utilization of leaves [2]. Comprehensively taken into account, this work aims to examine the 

possibility of Paulownia leaf hydrochar obtained at 220°C (HPL) and its alkali-modified form 

(MHPL) as potential and efficient cadmium (II) ions adsorbents from aqueous solutions. The 

hydrochars were characterized using SEM/EDS and FTIR for this purpose. For examination 

of the adsorption process, two isotherm models were used. We have analysed experimental 

data comparing the characterization and adsorption abilities of hydrochar and its alkali-

activated form. 

 

MATERIALS AND METHODS 

Materials preparation 

The waste biomass, the initial feedstock of obtained hydrochars, was leaves from the 

Paulownia tree (PL). It was gathered in a park in Belgrade after the leaf's growing period had 

ended. The leaves were washed with distilled water and air-dried for two weeks. The stems of 

the leaf were first cut into pieces about 1 cm in size, and then, together with the rest of the 

leaf, they were crushed with a grinder to obtain a more homogeneous and finer sample.  

The 10 g of the tree leaf powder was used in the HTC process in a laboratory autoclave 

(Carl Roth, Model II) with 100 mL of ultrapure water at 220ºC constant for 1 h. After 

completing HTC, the hydrochar (HPL) was filtrated, rinsed with ultrapure water, and dried at 

105°C for constant mass. 

Alkali-modified hydrochar (MHPL) was obtained from HPL. About 3 g of the HPL was 

stirred with 150 mL of 4 M NaOH solution for 2 h at room temperature (about 25°C). The 

obtained modified hydrochar was filtered, rinsed with ultrapure water to the neutral pH value, 

and dried at 105°C for 24 h. 

Adsorption test - Effect of initial metal concentration and isotherm studies 

Adsorption isotherm studies were carried out by stirring 0.02 g of the HPL or the MHPL 

with 20 mL of Cd solutions at different initial concentrations (10, 25, 50, 75, 100 mg/L), for 6 

hours and at room temperature. The solution was separated from the adsorbent by filtration 

and Cd(II) concentrations before and after adsorption were determined using atomic 

adsorption spectrophotometer (AAS, PerkinElmer, PinAAcle 900T). 

The amount of Cd(II) ions adsorbed on the HPL and MHPL surface was calculated using 

the equation: 

 

q = (C0-Ceq)/m ⸱ V                                                                                                                (1) 

 

Where q [mg/g] was adsorbent capacity, C0 and Ceq [mg/L] were initial and after 

adsorption concentration of Cd ions, m [g] was amount of adsorbent and V [L] was volume of 

the Cd(II) solutions. 
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Isothermal modeling of the experimental results of the Cd (II) adsorption process on the 

HPL and MHPL surfaces was utilized using two different isotherms (Langmuir and 

Freudlich). The Langmuir isotherm model has been expressed by the following equation [6]: 

 

qe = qm ⸱ (KLCe) / (1 + KLCe)                                                                                              (2) 

 

This isotherm model considers monolayer adsorption onto homogeneous distinct sites with 

constant adsorption energy, where qe and qm [mg/g] represent the equilibrium and the 

maximum amount of the Cd ions adsorbed onto the HPL or MHPL surface, Ce [mg/L] is the 

equilibrium concentration, and KL [L/mg] is the Langmuir constant related to the affinity of 

the binding sites. 

On the other side, the Freundlich isotherm model is based on the multilayer binding 

process onto a heterogeneous adsorbate surface. This model could be expressed as [7]: 

 

qe = KF ⸱ Ce 
1/n

                                                                                                                    (3) 

 

in which qe [mg/g], KF [(mg/g) (L/mg)
1/n

], Ce [mg/L] and 1/n are the adsorption capacity at 

equilibrium, the Freundlich constant related to the adsorption capacity, the Cd(II) 

concentration at equilibrium, and the adsorption intensity, respectively. 

Characterisation of the adsorbents HPL and MHPL 

SEM/EDS Analysis 

The surface morphology of the HPL before and after modification was observed using 

SEM analysis (JEOL JSM-6610LV SEM, JEOL Inc., USA). All samples were cathodic-

coated with gold, placed on an adhesive carbon disc, and recorded in a vacuum under a 

voltage of 20 kV. 

FTIR Analysis 

The FTIR analysis was performed to determine organic functional groups from the surface 

of samples which are capable of adsorbing in the middle region of the IR spectrum 

(wavenumber 4000–400 cm
−1

). The Thermo Scientific Nicolet iS50 FT-IR spectrometer in 

transmission mode and with a resolution of 4 cm
−1

 was used to obtain the FTIR spectra of the 

HPL and MHPL. The spectra were obtained from the potassium bromide (KBr) pastilles for 

each sample. 

 

RESULTS AND DISCUSSION 

Effect of initial metal concentration and isotherm studies 

The adsorption test revealed that the hydrochar after alkaline activation with NaOH 

(MHPL) showed better adsorption capacity to remove Cd(II) ions from aqueous solution than 

before modification (HPL). Additionally, it can be noted that the difference in efficiency 

between these two adsorbents also increases with increasing amount of Cd(II) ions in solution 

(Figure 1a). To determine the maximum adsorption capacity and the influence of the Cd(II) 
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concentration on the removal efficiency, two isotherm models Langmuir and Freundlich, were 

applied to the experimental data (Equations 2 and 3). The results are shown in Table 1 and 

Figure 1b. The correlation coefficient R
2
 indicated that these two adsorbents have different 

ways of binding Cd ions at the surface (Table 1). Before modification with NaOH, the value 

of the R
2
 coefficient was highest for the Langmuir model, so it could be concluded that 

monolayer chemical sorption onto homogenous active sites of the HPL surface plays an 

important role in Cd(II) ions removal. However, after activation, the R
2
 value is higher for the 

Freundlich isotherm model, which provides insight into the nature of the interaction between 

the MHPL and Cd(II) ions. According to the Langmuir isotherms, the maximum adsorption 

capacity (qm) that could be achieved using HPL and MHPL was 11.76 and 19.60 mg/g, 

respectively (Table 1). 

 

 
Figure 1 Adsorption capacity (q) of HPL and MHPL during Cd (II) removal: a) effect of different 

Cd(II) concentration; b) isotherm studies 
 

Table 1 Isotherm parameters for Cd(II) adsorption onto the HPL and MHPL surface 

Adsorbent HPL MHPL 

Langmuir isotherm model 

qm [mg/g] 11.76 ± 0.35 19.60  ± 1.63 

KL [L/mg] 0.047 ± 0.004 3.52  ± 0.422 

χ
2 

0.029 0.965 

R
2 

0.9969 0.7714 

Freundlich isotherm model 

KF [(mg/g)(L/mg)] 1.46  ± 0.28 11.12 ± 0.97 

1/n 0.43 ± 0.27 0.17 ±0.90 

χ
2 

0.25 0.69 

R
2 

0.9737 0.9599 

 

SEM/EDS Analysis 

The SEM/EDS analysis was used in aim to provide the effect of alkaline modification on 

the HPL material surface. The external structure of the HPL displayed an irregular stacking 

structure with various pores (Figure 2). After treatment with NaOH, changes in the 

morphological structure of the material can be observed. The surface of the HPL was cracked 

into various dimension fragments with new channels, holes and pores. Some of the reasons 
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for this phenomenon may be polycondensation, rearrangement of the residual organics or 

discontinuity of carbon chains [8]. The EDS spectra of the HPL and MHPL showed that the 

main elements were carbon (C) and oxygen (O), with average values of C and O were about 

55 and 40%, respectively. These results indicating that both samples had carbon-rich 

structures and organic functional groups on the surface. 

 

 

Figure 2 The surface morphological structures of hydrochar sample before and after alkali 

modification 

 

FTIR Analysis 

To determine the changes in the chemical structure of the HPL before and after NaOH 

activation, FTIR analysis was performed. According to the FTIR spectra (Figure 3), the 

surface functional groups of the HPL were changed fundamentally upon alkali activation. 

Peak reduction is highly noticeable for the peaks at 2851 and 2924 cm
-1

, which originated 

from asymmetric and symmetric -C-H valence vibration of CH3 and CH2 groups [2]. 

  

 
Figure 3 The FTIR analysis of HPL and MHPL samples 

 

Figure 3 also showed an additional change in the position and intensity of the FTIR peaks 

from the MHPL sample before and after Cd ions adsorption. The wide peak at about             
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3300 cm
-1

 originated from the –OH groups [2]. This peak was changed after modification and 

additionally decreased after Cd (II) ions adsorption. Also, the peaks between 1000–1700 cm
-1

 

were changed by the effect of alkali and later the intensity decreased by sorption of Cd(II) 

ions. In most cases the peaks of these wavenumbers belong to lignocellulosic biomass, some 

oxygen functional groups such as -C-O, C-O-C, and –C=O groups [2].  

 

CONCLUSION 

Based on the obtained results, it can be concluded that alkaline activation significantly 

changes the chemical structure and improves the ability of hydrochar to adsorb Cd(II) ions 

from aqueous solution. The SEM images showed new fragments at the surface of the 

modified hydrochar. Also, the differences in functional groups between these two hydrochars 

were shown by the FTIR analysis. The Langmuir isotherms model best describes metal 

adsorption by HPL. However, after activation, the R
2
 value is higher for the Freundlich 

isotherm model, which shows that multilayer chemical sorption onto heterogeneous adsorbate 

sites of the MHPL surface plays an important role in Cd(II) ions removal. According to the 

Langmuir isotherms, the maximum adsorption capacity that could be achieved using HPL and 

MHPL was 11.76 and 19.60 mg/g, respectively. 
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Abstract 

This study explores the potential of carbonized waste car tires (WCT800) produced at 800°C as an 

adsorbent for the removal of Rhodamine B (RhB) dye from aqueous solutions. Utilizing a waste-to-

resource approach, waste car tires were transformed into a carbonaceous adsorbent, characterized by 

scanning electron microscopy (SEM) and Fourier-transform infrared spectroscopy (FTIR). The SEM 

analysis revealed a highly porous material with a heterogeneous grain distribution, while FTIR 

spectra indicated the presence of functional groups conducive to dye adsorption. The efficacy of the 

RhB dye adsorption material was monitored using UV-VIS spectroscopy. The effectiveness of 

removing RhB was highlighted, with 99% removal achieved with optimal amount (mass) of the 

adsorbent. The study confirms the efficacy of WCT800 in dye adsorption, underscoring its potential as 

a sustainable solution for environmental remediation of dye-contaminated waters. 

Keywords: waste tires, pyrolysis, Rhodamine B. 

 

INTRODUCTION 

The natural decomposition process of discarded waste rubber is estimated to take about 

150 years. According to today's level of road vehicle use, the number and size of landfills for 

discarded waste tires would grow very quickly, so systematic efforts are being made to solve 

the problem of waste tires in terms of sustainable development, respecting the doctrine: reuse, 

retrafic, recycling and renewable energy [1–4]. That is the reason why waste management is 

becoming increasingly important all over the world. Based on the growing need to remove 

waste tires from landfills and to treat them to obtain a new product that contains useable 

value, one of the solutions is a waste management plant and within it, the treatment of waste 

tires by technological process such as pyrolysis (carbonization) [5,6].  

The challenges associated with removing organic dyes such as Rhodamine B (RhB) from 

aquatic environments due to their harmful effects on receiving water bodies. Rhodamine B 

(Figure 1) is categorized as a basic cationic dye, forming a colored cationic salt when 

dissolved in water, making it more toxic compared to anionic dyes.  
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Figure 1 Rhodamine B (RhB) chemical structure 

 

MATERIALS AND METHODS 

Carbonization (pyrolysis) process  

A sample of waste car tires (WCT) was sourced from a local car dealership, then cut into 

smaller pieces using a tire cutting machine, and subsequently granulated by an industrial 

rubber granulator to produce waste rubber granulate with particle sizes under 5 mm            

(rp<5000 μm), consuming approximately 0.23 kW kg
-1

 of energy [7]. The sample was then 

taken to the lab for further preparation, adhering to the standard procedures outlined in ISO 

21645:2021. In the lab, the sample was dried under controlled conditions to a constant mass, 

ground to a size under 0.25 mm (<250 μm), and sieved to ensure uniform particle size. 

The carbonization process involves the use of a tube furnace (Protherm Electrical Tube 

Furnace (PTF 16/38/250)), to convert fine powdered WCT samples into carbon materials 

under specific operating conditions. This process require heating the samples to 800°C in a 

CO2 atmosphere (with a continuous gas supply) with a heating step of 5°C per minute, and 

retention time of 1h at the reached temperature (800°C). After the carbonization process, the 

samples are cooled down to room temperature. The resulting black solid residue includes 

recovered carbon blacks, inorganic components, and carbonaceous deposits formed during the 

rubber conversion process. Obtained carbon materials are marked as WCT800. 

Surface characterization 

The morphology of both the raw WCT and carbonized samples was examined using a 

scanning electron microscope (TESCAN MIRA 3 XMU) operating at current voltage of       

10 keV. The instrument was equipped with a Polaron SC502 Sputter coater setup for carbon 

materials handling.  

Fourier transform infrared (FTIR) spectroscopy was employed to identify the types of 

chemical bonds, functional groups, and potential oxygen-containing groups present. FTIR 

spectra of the raw WCT and carbonized samples were obtained using a PerkinElmer FTIR 

180 spectrophotometer with KBr pellets over the range of 4000 cm
-1

–400 cm
-1

. 

Approximately 10 mg of each sample was encapsulated in 300 mg of KBr, maintaining a ratio 

of approximately 1:30, to prepare translucent sample disks for FTIR measurements. 

Analysis of adsorbate and removal efficiency 

The evaluation of the WCT800 effectiveness was conducted by subjecting model dye 

solutions to adsorption reactivity tests employing Ultraviolet–Visible (UV–VIS) 

spectroscopy, utilizing a Lambda 35 UV–VIS Spectrometer, Perkin Elmer, Inc., Waltham, 

MA, USA. Adsorption experiments were carried out employing varying masses of the 

carbonized sample ranging from 0.005 g to 0.1 g, specifically 0.005, 0.01, 0.05, 0.07, and    
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0.1 g (comprising a series of five samples of the adsorbent with different masses), while 

maintaining a constant initial concentration of 1 ppm of Rhodamine B (RhB). The volume of 

the solution utilized in each experiment was fixed at 30 mL. The Rhodamine B used is a 

purity of at least 97.0% (Sigma Aldrich).  

 

RESULTS AND DISCUSSION 

Characterization 

The SEM analysis of the raw waste tire sample (WCT) reveals significant surface 

roughness characterized by irregularly shaped particles, likely a result of the milling process 

to which the recycled rubber is subjected (Figure 2a). Conversely, in the case of the selected 

WCT800 obtained at a carbonization temperature of 800°C for a retention time of 1 hour, 

SEM images (Figure 2b–d) display numerous small particles, presumed to be amorphous 

carbon produced during carbonization. The particle diameters range from 100 μm to 10 μm, 

with the pore size distribution notably concentrated around 2–15 nm for the sample under 

consideration. 

 

a) b) 

  
c) d) 

  
Figure 2 SEM images of a) raw precursor (WCT) (2000×); b) WCT800 sample 1000×; c) WCT800 

sample 3000×; d) WCT800 sample 5000× 
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In general, the SEM micrographs depict a heterogeneous distribution of grains and the 

presence of smaller-sized pores, indicative of a highly porous structure. Also, Figure 2 

illustrates the existence of cavities and a rough texture, attributed to the release of organic 

compounds from the CO2 reaction at elevated process temperatures. 

The FTIR spectrum of carbon materials (Figure 3) showed several characteristic peaks for 

carbon materials. The peak at ~3441 cm
-1

 belongs to OH stretching vibrations. Next peak, 

located at ~2974 cm
-1 

correspond to the vibrations of the C-H group. Third peak in the FTIR 

spectrum located around 1631 cm
-1

 indicate presence of C=O vibration bands. Additionally, 

these C=O functional groups, could be further attributed to carboxylic groups, carbonyl and 

lactone groups [8]. The last two peaks at 1085–1040 cm
-1

 could be assigned to the C-O 

stretching vibration, from COOH functional group [9]. 

 

 
Figure 3 FTIR spectrum of investigated carbon material 

 

Adsorption activity 

The effect of adsorbent (WCT800) dosage on the adsorption, i.e. on the amount of RhB 

dye removed and the change in the concentration of residual dye in the solution are shown in 

Figure 4.  

 

 
Figure 4 UV-VIS absorption curves of RhD dye for different amounts of WCT800 sample 
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Based on the UV-VIS curves (Figure 4), it can be confirmed that larger amount of 

adsorbent allows a larger amount of dye to be adsorbed per unit mass of adsorbent.The 

increase in adsorption with the adsorbent dosage can be attributed to the availability of the 

greater surface area and a larger number of adsorption sites. As the optimal adsorbent dosage, 

the value of 0.05 g was taken which removes over 99% of the RhD dye from the aqueous 

solution. At doses higher from optimum dosage, the adsorbent surface becomes saturated with 

RhB, and the RhB concentration in the solution remains unchanged. 

 

CONCLUSION 

This study demonstrates the effective utilization of carbonized waste car tires (WCT800) at 

800°C for the adsorption of Rhodamine B (RhB) dye from aqueous solutions. The 

carbonization process not only contributes to waste tire management but also converts this 

environmental burden into a valuable adsorbent. The SEM analysis confirmed that WCT800 

possesses a highly porous structure with a rough texture and a heterogeneous distribution of 

grain sizes, which are beneficial for adsorption processes. The FTIR spectra further revealed 

the presence of functional groups such as hydroxyl, carboxyl, and carbonyl, which are critical 

in the adsorption of RhB dye. 

The adsorption experiments highlighted the capacity of WCT800 to remove up to 99% of 

RhB dye, with the optimal adsorbent dosage determined at 0.05 grams. This high efficiency is 

attributable to the increased surface area and the abundance of adsorption sites offered by the 

carbonized material. Moreover, the study indicated that beyond the optimal dosage, the 

adsorption capacity plateaus, suggesting the saturation of adsorption sites. 

These findings underscore the dual benefits of this approach: addressing the environmental 

issue of waste tire accumulation and providing a sustainable solution to water pollution 

caused by synthetic dyes. Future studies could explore the regeneration and reuse of WCT800 

and assess its applicability to other pollutants, potentially broadening its utility in 

environmental remediation.  
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Abstract  

This study investigates the production of activated carbon from corn cobs, an abundant agricultural 

waste, using physical activation. Corn cobs were carbonized at 900°C under nitrogen, followed by 

activation at 850°C with CO2. Morphological analysis showed a well-developed pore structure post-

activation. Nitrogen adsorption isotherms classified both samples as type I, predominantly 

microporous, with the activated carbon exhibiting a higher specific surface area (883 m²/g) compared 

to the carbonized sample (207 m²/g). The adsorption capacity for methylene blue demonstrated 

superior performance of activated carbon, achieving 95% adsorption within 10 minutes. This research 

highlights the potential of corn cobs for sustainable activated carbon production, promoting waste 

minimization and environmental protection through effective biomass recycling for applications in 

water remediation and pollution control. 

Keywords: corn cob, activated carbon, biomass recycling, adsorption capacity. 

 

INTRODUCTION 

Activated carbon is a highly porous material widely used in industrial processes for 

separation, purification, and recovery. Recent research has focused on utilizing biomass, 

including agricultural byproducts, for producing cost-effective activated carbon [1]. Corn 

cobs, abundant agricultural waste with high carbon content and low inorganic impurities, are 

promising candidates for this purpose. 

Two primary methods, physical and chemical activation, are used to produce activated 

carbon. Chemical activation involves a single-step carbonization and activation process at 

lower temperatures, while physical activation includes carbonization followed by gasification 

at higher temperatures using oxidizing agents like CO2 or steam [2]. 

This study explores the feasibility of employing physical activation to produce activated 

carbon from corn cobs. Utilizing corn cobs for activated carbon production offers a 
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sustainable and cleaner process for biomass recycling, yielding high-surface-area carbon 

products suitable for pollution control and other applications. 

The growing interest in utilizing agricultural waste for activated carbon production aligns 

with efforts to minimize waste and reduce environmental impact. This research contributes to 

advancing biomass utilization by demonstrating corn cob-derived activated carbon's potential 

for water remediation and industrial applications, promoting a more sustainable approach to 

materials utilization. 

 

MATERIALS AND METHODS 

The carbonaceous precursor used in the study is corn cob, a waste product from the 

production of 427ZP corn plant, collected from a local farm of Kraljevo, Serbia. Before the 

pyrolisis, corncob samples were washed from the impurities and dried in the oven at 100°C. 

Carbonization. About 10 g of corn cob was put into a stainless steel crucible and heated at 

1°C/min to a 900°C under a constant N2 stream. 

Activation. The char obtained from carbonization (CC) was followed by activation at the 

final carbonization temperature 850°C for 1 h. For obtaining of activated carbon (AC), CO2 

(purity of 99.99%), the flow rate was maintained at 200 cm
3
/min (measured at room 

temperature).  

The crystal structure of samples was examined by X-ray diffraction (Rigaku Ultima IV, 

Japan). The X-ray beam was nickel-filtered CuKα radiation (λ=0.1540 nm, operating at 40 kV 

and 40 mA). XRD data were collected over a range of 10° to 80° (2θ) at a scanning rate of 

10°/min.  

Before the FESEM analysis, samples were coated with Au alloy using a sputter coater. The 

morphologies of the CC and AC samples were studied by field emission scanning electron 

microscopy (FESEM) TESCAN Mira3 XMU at 20 kV. 

FTIR spectra of raw, carbonated and activated corn cob were acquired at room temperature 

using a Bomem Michelson (Hartmann & Braun) MB-100 spectrometer set in absorbance 

mode. Spectra were obtained in the 3000–500 cm
-1

 region with a resolution of 2 cm
-1

. Prior to 

analysis, samples were finely powdered, uniformly dispersed, vacuum-pressed into KBr 

pellets (1.5 mg sample/150 mg KBr at 200 MPa), and a pure KBr pellet served as the 

reference. 

The specific surface areas (SBET) of the materials were analyzed by the low-temperature 

nitrogen adsorption according to Brunauer Emmet Teller (BET) method [3] using a Surfer 

porosimeter (Thermo Fisher Scientific, USA). Pore size distribution (PSD) was calculated by 

Barrett, Joyner, and Halenda (BJH) method [4], and the data was extrapolated from the 

desorption isotherm branch [3]. Prior to analysis, the samples were degassed for 8 hours at 

200°C under vacuum.  

In order to examine the application of the samples, methylene blue was used as a model 

analyte in adsorption kinetics experiments. The efficacy of adsorption was examined in the  

5–1440 minute time interval. The initial concentration of the adsorbate solution was 20 ppm. 

The experiments were performed at 25° in duplicate. For the quantification of methylene blue 
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after adsorption, the LLG-uniSPEC 2 Spectrophotometer (LLG Labware) was used. The 

wavelength used for quantification is 668 nm. 

 

RESULTS AND DISCUSSION 

Figure 1 presents FE-SEM micrographs of CC and AC samples. Following carbonization, 

the CC sample exhibited ordered and regularly shaped pores, with uniformly distributed 

cavities, small holes, and cracks, indicating the development of porosity. Notably, the 

morphology of the carbonized corn cob resembles that of carbonized wood [6]. 

Subsequent activation resulted in the development of a regular alveolar microstructure in 

the sample, characterized by thin-walled alveoli filled with air. Thinning the walls resulted in 

the formation of new pores, thereby increasing the total pore volume and surface area. 

 

a) b) 

  
Figure 1 FESEM micrographs of corn cob after carbonisation (a) and subsequent activation (b) 

 

Figure 2a illustrates the XRD patterns of CC and AC samples. For both samples, the 

diffraction profiles exhibit two broad carbon peaks of at approximately 24° 2θ and 42° 2θ 

after activating with steam which are assigned to the reflection from (002) and (100) planes, 

respectively. Additionaly, a sharp peaks at ~29, 31, and 54° 2θ corresponds to SiO2 from the 

sample. 

The FTIR spectra in the region of 3000–500 cm
-1

 were analysed (Figure 2b). A broad band 

at 3400 cm
-1

 is attributed to the stretching and deformation vibrations of the O-H bond. The 

O-H bending occurs at 1423 cm
-1

. The band at 3400 cm
-1

 originates from physically 

associated water (O-H) molecules on the surface. The high intensity of this band is 

contributed by O-H bonds from carbohydrates and possibly other compounds with this 

functional group. In the region of 3000–2850 cm
-1

, the presence of aliphatic structures (CH3 

and CH2 groups) can be observed. Peaks at 2920 and 2851 cm
-1

 are attributed to CH2 groups, 

while the peak at 2970 cm
-1

 is attributed to the presence of CH3 groups. The ratio of 

integrated absorbance areas in spectrum b) CH3/CH2=2955/2920 cm
-1

 peak is ≥1. It is evident 

that during the pyrolysis process, alkyl chains from the initial sample (spectrum a) underwent 

degradation, leaving aliphatics bound in shorter chains to other macromolecules, mostly as 

CH3 groups. In contrast, activation of the investigated material led to the reestablishment of 
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longer alkyl chains. However, their length is not identical to the initial sample, as a slight 

presence of CH3 groups can be clearly observed. A small peak at 1728 cm
-1

 originates from 

C=O stretching vibration. The peak at 1642 cm
-1

 is attributed to a cis C=C bond. Activation of 

the pyrolyzed sample resulted in the disappearance of several small peaks in the 1300–1000 

cm
-1

 range and the formation of a broad band. Aromatic/polyaromatic structures were also 

formed in the sample during pyrolysis, indicated by a peak at 879 cm
-1

, showing isolated 

aromatic hydrogen atoms. The bending mode of polyaromatics is observed at 618 cm
-1

, which 

decreases during activation. These peaks are associated with C-O stretching vibrations, and 

the intensity of the peak at 1383 cm
-1

 is related to the amount of cellulose [6]. 

 

a) b) 

  
Figure 2 a) XRD patterns of CC and AC; b) Comparison of FTIR Spectra for: 1) raw, 2) carbonated, 

and 3) activated corncob  

 

Figure 3a presents nitrogen adsorption isotherms as the amount of N2 adsorbed as a 

function of relative pressure at 196°C for samples CC and AC. According to IUPAC 

classification [7], all the samples are type I isotherms. Both samples can absorb a large 

amount of nitrogen in a relative low pressure range. Hysteresis loops are of type H4, indicates 

that materials are predominantly microporous [7]. The specific surface areas of samples 

(SBET), calculated by the BET equation were 207 m
3
g

-1
 for CC sample and 883 m

3
g

-1
. It is 

evident that after the activation, the specific surface of the sample increases together with the 

micropore region. 

Pore size distribution (PSD) of samples is given in Figure 3b. For both samples, there is a 

sharp peak in the microporous region, and also a peek at ~2 nm−a limit between micro- and 

mesoporosity (micropores ≤2 nm, mesopores 2–50 nm, and macropores ≥ 50 nm). According 

to the PSD diagram, the increased intensity of the peaks confirms that activation has 

significantly increased the number of pores. 

The adsorption of methylene blue results on investigated samples are shown in Figure 4. 

With the carbonized sample (Figure 4a), in the first two hours, an increase in adsorption up to 

40% is observed, after which the adsorption slows down, and after 24 hours, about 70% of 

methylene blue is adsorbed, where a steady state is established. The activated sample shows a 

very fast and significantly better adsorption ability than the carbonized sample – in the first 10 
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minutes, about 95% of methylene blue is adsorbed (Figure 4b). This phenomenon can be 

explained by the higher specific surface area of the activated sample, i.e., the higher number 

of available active sites for the adsorption of methylene blue, which is a consequence of 

physical activation. A higher pore radius and higher amount of micropores also affect the 

adsorption abilities of the activated sample. The VIS spectrum of methylene blue (Figure 5) 

shows a significantly decreasing peak area of the activated sample than the carbonized sample 

and initial adsorbate concentration. 

 

a) b) 

  
Figure 3 Nitrogen adsorption isotherm plot for CC and AC. a) Solid symbols – adsorption, open 

symbols – desorption; b) Pore size distribution of CC and AC  

 

a) b) 

        
Figure 4 The dependency of methylene blue adsorption from the time for a) CC; and b) AC  
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Figure 5 VIS spectrum of initial adsorbate solution, CC and AC in steady state 

 

CONCLUSION 

This study demonstrates that corn cobs can be effectively converted into high-performance 

activated carbon through physical activation. The resulting material exhibits enhanced 

porosity and surface area, significantly improving its adsorption capacity for pollutants like 

methylene blue. Utilizing corn cobs for activated carbon production offers a sustainable 

approach to waste management and environmental protection. 
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Abstract  

Escalating water pollution necessitates the development of efficient and sustainable photocatalytic 

materials for the degradation of organic pollutants. In this work, the photocatalytic properties of 

carbon-doped zinc oxide (C-ZnO) nanoparticles synthesized by a novel mechanochemical method are 

investigated. The unique approach of doping ZnO nanoparticles with carbon not only increases the 

absorption of visible light but also improves the efficiency of charge separation, leading to a 

significant increase in photocatalytic activity. Experimental analytical methods such as X-ray 

diffraction (XRD), scanning electron microscopy (SEM), and UV-Vis spectroscopy are used to 

elucidate the structural, morphological, and photocatalytic properties of the synthesized C-ZnO 

nanoparticles. The photocatalytic performance of C-ZnO nanoparticles is evaluated by their ability to 

degrade methyl orange at a concentration of 5 ppm under UV light irradiation with and without 

mixing the solution for 60 minutes in the dark before exposure to UV light. The influence of the 

photocatalysis time on the degradation efficiency was investigated. The results show that the 

photocatalysis time has a strong influence on the degradation efficiency. 

Keywords: photocatalysis, nanomaterials, doping, mechanochemical, synthesis. 

 

INTRODUCTION 

Zinc oxide nanoparticles (ZnO-NP) have attracted considerable attention in the field of 

photocatalysis due to their excellent optical properties, high electron mobility, and 

environmental friendliness. As a wide bandgap semiconductor (approximately 3.37 eV), ZnO 

inherently has strong absorption of ultraviolet (UV) light, but limited activity in visible light, 

which makes up the majority of the solar spectrum. This limitation has led to extensive 

research into the modification of ZnO to harness the broader spectrum of solar energy for 

photocatalytic applications, including the degradation of organic pollutants [1,2]. 

Among various strategies to extend the photocatalytic efficiency of ZnO NPs into the 

visible light range, doping with atoms of different elements has been identified as a 

particularly effective method. Doping introduces impurity levels within the bandgap of ZnO, 

which can facilitate the absorption of visible light by narrowing the bandgap or creating    
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mid-gap states that act as stepping stones for electron transition from the valence to the 

conduction band. In particular, carbon doping has proven to be a promising approach, as 

carbon can introduce p-type conductivity into ZnO, thereby improving charge separation and 

reducing the electron-hole recombination rate [3,4]. 

Carbon-doped ZnO nanoparticles (C-ZnO NP) exhibit significantly improved 

photocatalytic activity under visible light compared to their undoped counterparts. The 

incorporation of carbon into the ZnO lattice or the ZnO surface can lead to the formation of 

C-O-Zn bonds, which are believed to contribute to the generation of active sites for 

photocatalytic reactions. Furthermore, carbon doping can enhance the adsorption of pollutants 

on the catalyst surface, facilitating their subsequent degradation [4]. 

Recent studies have demonstrated the effectiveness of C-ZnO NPs in degrading various 

organic pollutants, under UV and/or visible light irradiation. For instance, the carbon doping 

of ZnO using natural precursors such as glucose or other similar chemicals offers an 

environmentally and cost-effective way to synthesize photocatalysts with enhanced activity 

and stability [5]. 

Despite the progress in the synthesis of C-ZnO NP, the challenge is to optimize the doping 

level, understand the exact mechanisms of photocatalytic enhancement and increase 

production for practical applications. 

 

MATERIALS AND METHODS 

Sample preparation 

ZnO NPs, both undoped and carbon-doped, were produced using a mechanochemical 

method followed by a calcination process. The synthesis of undoped and carbon-doped ZnO 

nanoparticles involved mixing zinc acetate dihydrate (Sigma-Aldrich) with oxalic acid 

dihydrate (Sigma-Aldrich) and grinding them in an agate mortar for 10 minutes, resulting in a 

gel composed of zinc oxalate dihydrate and acetic acid. For the synthesis of C-ZnO NP, 

glucose (Merck) was additionally incorporated into the gel, with the grinding extended for 

another 10 minutes to form the precursor. The final undoped and C-ZnO NP were then 

produced by calcining this mixture at 500℃ for 3 hours.  

Characterization methods 

SEM photograph was obtained via QUANTA FEG 250 SEM microscope. The X-ray 

diffraction (XRD) patterns of the C-ZnO NP were recorded using an X'Pert³ Powder X-ray 

diffractometer for a range of 2θ from 20–90°. The photocatalytic activity of synthesized 

nanomaterial was accessed via UV/VIS spectrometry. 

 

RESULTS AND DISCUSSION 

SEM photograph is presented in Figure 1. The SEM image shows a closer look at the 

nanorods, which differ in shape, size, and surface roughness, which can be related to the 

growth conditions and carbon concentration during the synthesis process [6,7]. The diameter 

and length of the smallest nanorods are about 30 nm. 
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Figure 1 SEM image of synthesized carbon-doped ZnO NP 

 

The XRD pattern of the synthesized doped nanoparticles is presented in Figure 2. The     

X-ray diffraction pattern (XRD) image shows the crystalline structure of zinc oxide doped 

with 5% carbon compared to undoped ZnO as defined by the Joint Committee on Powder 

Diffraction Standards (JCPDS) [8]. The presence of distinct peaks at angles of 33.48°, 36.10°, 

37.92° and 58.07°, which align with the undoped ZnO (JCPDS no. 36–1451), confirms the 

hexagonal wurtzite structure of ZnO without secondary phases. For the C-ZnO NP, there is an 

observed shift of the (002) peak towards higher angles compared to the ZnO NP JCPDS data. 

This indicates a decrease in the lattice constant “c” due to carbon doping, which is expected 

due to the incorporation of smaller carbon ions into the oxygen sites of the ZnO lattice [9]. 

 

 
Figure 2 XRD pattern of synthesized samples 
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Based on XRD analysis and calculations, data was obtained on crystallite parameters α and 

c), c/α ratio, the crystallite size (D), interplanar distance (d), unit cell volume (V), Atomic 

packing fraction (APF), dislocation density (δ), atomic displacements (u), micro-strain (ε), 

number of unit cells contained in a grain (n), stacking fault (α*), stress (σ), Young’s modulus 

(Y) and lattice volume (U). Data is presented in Table 1. 

 

Table 1 Structural parameters of the analyzed NP samples 

Sample 
α  c  

c/α 
D  d  V APF 

(%) 

δ∙10
-3

  

(Å) (Å) (nm) (nm)  (Å
3
) (nm

-2
) 

ZnO 3.24 5.2 1.47 68.05 0.27 55.92 0.59 0.21 

5%C-ZnO 3.09 4.97 1.61 25.32 0.25 41.06 0.53 1.56 

Sample u ε∙10
-3

 n∙10
6
 α* σ∙10

7
 (Pa) 

Y∙10
10

  U∙10
4
 

(J/m
3
) (Pa) 

ZnO 0.4 1.2 31.6 0.0012 4.37 3.75 2.55 

5%C-ZnO 0.38 1.2 2.19 0.0011 4.37 3.75 2.55 

 

Table 1 presents the structural parameters of ZnO and 5% carbon-doped ZnO (5%C-ZnO) 

nanoparticle samples. Key differences between the samples highlight the impact of carbon 

doping on the structural and physical properties. Notably, doping reduces the crystallite size 

(D) from 68.05 nm in pure ZnO to 25.32 nm in 5%C-ZnO, which can enhance surface area 

and reactivity. Moreover, the unit cell volume (V) decreases from 55.92 Å³ to 41.06 Å³, 

suggesting a more compact structure. The higher dislocation density (δ) in 5%C-ZnO 

(1.56·10⁻³ nm⁻²) compared to pure ZnO (0.21·10⁻³ nm⁻²) indicates increased lattice 

imperfections, which can facilitate charge separation and improve photocatalytic activity 

[10,11]. 

To gain insight into photocatalytic properties, model compound degradation experiments 

were conducted with the previously prepared 5 ppm methyl orange stock solution. 

Experiments were conducted with and without mixing in the dark for 60 minutes before 

exposing to UV light irradiation (λ=395 nm), since it has been reported that in this step 

equilibrium for the adsorption and desorption of dye molecules is achieved. For the collected 

data, a pseudo-first-order model was employed and is expressed as [12,13]: 

 

0ln
t

C
kt

C

 
 

 
  (1) 

 

Where C0 and Ct represent model compound concentration values at zeroth and time “t”, 

while “k” represents the reaction rate constant. Figure 3a shows the degradation efficiency of 

synthesized nanoparticles, with and without mixing step in the dark for 60 minutes. The plot 

of ln(C0/Ct) vs irradiation time “t” is depicted in Figure 3b and a linear relationship is 

observed. Reaction rate constants are evaluated from the slopes of ln(C0/Ct) vs time plot. 

The degradation efficiency of undoped and carbon-doped ZnO NPs can reach 78.93% and 

89.10% in 60 minutes, which is higher than the degradation efficiency values determined for 

experiments without mixing in the dark. Figure 3b shows the k values for degradation 
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experiments. The rate constants (k) are highest for the 5%C-ZnO 500°C sample in an 

experiment with (k₄=0.0360 min⁻¹), and without mixing in the dark for 60 minutes before the 

(k₃=0.0316 min⁻¹). The pure ZnO samples have lower rate constants (k₁=0.0235 min⁻¹ and 

k₂=0.0243 min⁻¹ for experiments with and without mixing in the dark, respectively). This 

indicates faster degradation kinetics for the carbon-doped samples, corroborating their 

superior photocatalytic activity. 

 

a) b) 

  
Figure 3 a) Photocatalytic degradation efficiencies of synthesized nanoparticles; b) Kinetics curves of 

samples 

 

Overall, the enhanced performance of 5%C-ZnO can be attributed to the structural 

modifications and increased surface area resulting from carbon doping, which improves the 

efficiency and rate of photocatalytic degradation. 

 

CONCLUSION 

Facile and cost-effective mechanochemical synthesis of pure and C-doped ZnO 

nanoparticles was performed, and the prepared photocatalysts were used for photocatalytic 

degradation of methyl orange dye as a model pollutant. The results of the SEM and XRD 

studies were in agreement and showed that both samples were composed of nanoparticles. 

The XRD patterns illustrated that the C-ZnO-NP had a lower average crystallite size than the 

crystallite size of the pure ZnO-NPs, which indicates that the C-ZnO-NPs have a larger 

specific surface area as well as a larger number of defects, resulting in better overall 

photocatalytic properties. These alterations are more than just morphological; they confer 

enhanced photocatalytic efficiency to the C-ZnO-NP. Remarkably, a doping concentration of 

5 wt% carbon enables the nanoparticles to achieve an 89.10% degradation rate of a 5 ppm 

methyl orange solution within the span of an hour, under neutral pH conditions. This 

efficiency not only underlines the potential for practical application in wastewater treatment 

but also makes the doped nanoparticles excellent candidates for environmental remediation. 
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Abstract  

The sorption performance of the modified zeolite-Fe(III) sorbent towards nitrate ions was investigated 

in batch conditions. The modified zeolite was characterized by Fourier transform infrared 

spectroscopy (FTIR). The analysis of equilibrium data indicates that the nitrates sorption process is 

the most adequately described by the Dubinin-Radushkevich isotherm. The main mechanism of 

binding of nitrate ions at sorption centers on the modified zeolite surface is physisorption. 

Thermodynamic parameters show the spontaneity and exothermicity of the nitrate removal process at 

the temperature range from 25 to 45°C. The maximum sorption capacity of the modified zeolite for 

nitrate ions under the tested thermodynamic and equilibrium experimental conditions is 12.068 mg/g. 

Modification achieved about three times greater ability to bind nitrate ions to the surface of the 

modified zeolite compared to raw zeolite, qm=4.324 mg/g. Chemically modified zeolite can serve as an 

alternative low-cost sorbent in removing nitrate ions from water to reduce the harmful effect on 

humans and the aquatic ecosystem (eutrophication). 

Keywords: sorption, zeolite, nitrate, equilibrium, thermodynamics. 

 

INTRODUCTION 

In recent years, groundwater and surface water have been often polluted with inorganic 

ions such as nitrates (NO3
-
), which have toxic effects on humans and aquatic ecosystems. 

They are naturally found in water, high concentrations of nitrites can cause 

methemoglobinemia, especially in infants, and potentially lead to the occurrence of cancer in 

humans [1,2]. Point and diffuse sources of nitrates that pollute groundwater and surface water 

are runoff from arable and urban areas, untreated industrial and sanitary waste, septic tanks, 

and animal manure [3]. It is known that higher nitrate concentrations in aquatic ecosystems, 

encourage the growth of plants and algae and cause eutrophication. 

For all the above mentioned, it is necessary to remove excess nitrate ions from drinking 

water. For this purpose, can be used different sorbent materials such as zeolite, clay, activated 

carbon, etc. Natural zeolites are ecologically and economically acceptable hydrated 

aluminosilicate materials of three-dimensional structure with sorption and ion exchange 

properties. Primarily, raw and modified zeolites are used for the removal of cationic 

pollutants from the water environment [4,5]. 
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This paper aims to determine the sorption performance of modified zeolite with Fe(III) 

ions for the removal of nitrate from aqueous medium and to characterize the process through 

equilibrium and thermodynamic parameters. 

 

MATERIALS AND METHODS 

Material 

Raw zeolite with a particle size in the range of 200 to 800 µm was purchased from the 

company ZeoKop from Brus (Serbia). Modification of raw zeolite was performed with 0.5 M 

FeCl3 solution (Centrochem, Serbia). 100 g of raw zeolite was treated with 250 cm
3
 of FeCl3 

solution under reflux for 6 h. After filtration, the filter cake was washed with distilled water to 

negative reaction to chlorides (test with AgNO3). The zeolite sample was dried for 12 h at 

80°C in an oven (model ST-06, Instrumentaria, Zagreb, Croatia). Recordings of raw and 

modified zeolite by Fourier transform infrared spectroscopy (FTIR) have been performed on 

FTIR Bomen Hartmann & Braun MB-series spectrophotometer in the wavenumber range of 

400-4000 cm
-1

. The samples were prepared by grounding of 1 mg of zeolite with 150 mg KBr 

(Merck, Darmstadt, Germany) into powder. Thin transparent pastille of powder sample was 

made under vacuum pressure of 200 MPa. 

Sorption experiments 

Nitrate sorption was performed in Erlenmeyer flasks (250 cm
3
) with a 50 cm

3 
nitrate 

solution of pH 6 for a contact time of 1 h at 100 rpm on a magnetic stirrer (MSH-30A, Witeg, 

Germany). Equilibrium experiments were conducted in the sorbate concentration range of  

10–50 mg/dm
3
 with a sorbent dose of 2 g/dm

3
. The data obtained in the equilibrium 

experiments were analyzed using the Langmuir, Freundlich, Temkin, and Dubinin-

Radushkevich isotherm. The thermodynamic parameters of nitrate removal by modified 

zeolite were determined based on sorption data obtained in a solution with an anion 

concentration of 50 mg/dm
3 

and dose sorbate of 2 g/dm
3
 at the following temperatures: 25, 35, 

and 45°C. The nitrate solution pH was adjusted using 0.1 M HCl or 0.1 M NaOH solution on 

a digital pH meter (HI-2209, Hanna, USA). 

After the sorption process, an aliquot of the solution was taken and filtered through       

0.45 µm filters (Nylon Syringe filters, USA). In 2 cm
3
 aliquots, 2 cm

3
 of 1 M HCl solution 

was added and the absorbance was measured at 220 and 275 nm on a UniSpec 2 UV-VIS 

LLG spectrophotometer. The nitrate concentration in the solution was calculated based on 

calibration curve for KNO3. The sorption capacity of zeolite towards nitrate anions over time, 

qt (mg/g), was calculated according to the following equation: 

m

Vcc
q

)( t0
t


                                                                                                              (1) 

where c0 and ct represent the initial concentration and concentration of the nitrate solution 

in time t (mg/dm
3
), respectively, V volume of the nitrate solution  (dm

3
), and m the mass of 

the zeolite (g). 
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RESULTS AND DISCUSSION 

On the FTIR spectrum of raw and modified zeolite (Figure 1), there are absorption bands 

from valence vibrations of the OH group (νOH) at 3613 cm
-1

 (narrow band from isolated OH 

group) and 3434 cm
-1

 (broad band from hydrogen-bonded OH group), as well as absorption 

band from deformation vibrations in the plane at 1637 cm
-1

 (δOH) [4,5]. These absorption 

bands correspond to the vibration of intermolecular hydrogen bonds of OH groups on 

terminal silanol groups, OH groups on defect positions, and OH groups attached to cations in 

the zeolite structure [6]. Absorption with a maximum at 1047 cm
-1

 on the FTIR spectrum of 

raw zeolite is assigned to the symmetrical stretching vibration of Si-O-T structure, where T is 

Si or Al.  The stretching Si-O-T vibration of zeolite gives an absorption band at 786 cm
-1

 [7]. 

Absorption bands in the area of wavenumbers from ≈600–400 cm
-1 

are the consequence of 

deformation Si-O and Al-O vibrations [4]. 

 

 
Figure 1 FTIR spectra of raw and modified zeolite 

 

On the FTIR spectrum of the modified zeolite, there are all absorption bands with small 

shifts compared to the same bands of the raw zeolite (Figure 1). The difference is reflected 

only in the presence of an absorption band of medium intensity with a maximum at 578 cm
-1

 

on the spectrum of modified zeolite. This absorption band is the result of Si-O-Fe bending 

vibrations [8]. From the photographs and the FTIR spectra shown in Figure 1, it is concluded 

that the Fe
3+

 ions are incorporated into the zeolite structure. 

Sorption isotherms, i.e., sorption systems in equilibrium, defined the distribution of sorbate 

between the sorbent and the aqueous solution and gave data on the sorbent capacity, the 

nature of sorbent surface, and the type of bond between the sorbate and the sorbent [9,10]. 

The analysis of equilibrium experimental data was done with Origin Pro 8.0 software 

(OriginLab Corporation, USA) by the nonlinear regression method for Langmuir, Freundlich, 

Temkin, and Dubinin-Radushkevich (D-R) isotherm. The Langmuir model (Equation 2) 

implies the binding of sorbates to specific sorption centers on an energetically homogeneous 

sorbent surface. Sorbate binds in a monolayer on the sorbent surface, and there are no 

interactions between sorbate particles [11]. 
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eL

eLm

e
1 cK

cKq
q


                                                                                                                       (2) 

Where qe (mg/g) represents the equilibrium sorption capacity of sorbent, qm (mg/g) 

maximum sorption capacity of sorbent, ce (mg/dm
3
) is the concentration of sorbate in the 

equilibrium state, and KL (dm
3
/mg) is the Langmuir constant.

 The Freundlich model (Equation 3) implies the existence of interactions between sorbed 

particles and multilayer sorption. Sorbat particles are bound on the energetically 

heterogeneous surface of the sorbent [12]. 

n
cKq

1/

eFe                                                                                                                           (3) 

The Freundlich constant KF indicates the strength of adsorption, i.e., refers to the sorption 

capacity, while the exponent n refers to the energy heterogeneity of the sorbent surface. 

According to the Temkin isotherm model (Equation 4), the sorption heat of molecules on 

the sorbent surface decreases linearly with the surface coverage, and there is no interaction 

between sorbed molecules [13].  

 eTe ln cKBq                                                                                                                     (4) 

Where B (J/mol) is the constant that is related to sorption heat, and KT (dm
3
/g) is the 

equilibrium constant corresponding to the maximum binding energy. 

Dubinin-Radushkevich isotherm (Equation 5) determines the sorption mechanism of 

porous sorbents [14]. 

 2

DRDRe exp Kqq                                                                                                          (5) 

Where qDR (mg/g) is Dubinin-Radushkevich monolayer maximum sorption capacity, KDR 

(mol
2
/J

2
) is the activity coefficient that is related to the mean free sorption energy E (J/mol), 

E= 1/(2KDR)
1/2

, and ε is Polanyi potential.  

The isotherm model curves obtained for nitrate sorption using non-linear regression are 

shown in Figure 2, and the isotherm parameters are given in Table 1. The best non-linear 

fitting with the experimental equilibrium data is shown by the Dubinin-Radushkevich 

isotherm and confirmed by high correlation coefficient of R
2
=0.990 in Table 1. The 

Freundlich, Langmuir, and Temkin models have lower correlation coefficients (Table 1), 

therefore, these models cannot be used to describe the nitrate sorption process. 

The nature and mechanism of sorption define the mean free sorption energy. An E value of 

less than 8 kJ/mol indicates physical sorption as the dominant mechanism in the sorbate 

removal process, while E values in the range of 8-16 kJ/mol suggest that chemical sorption or 

ion exchange is the mechanism of bonding sorbate [15]. The physisorption mechanism       

(E= 326.651 J/mol) can be involved in the removal of nitrates from aqueous solutions by 

modified zeolite.  

The thermodynamic parameters of sorption were calculated by equations 6 and 7 [16,17], 

and the results are shown in Table 2. 

clnΔ KTRG 
                                                                                                                  (6) 
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RT

H

R

S
K

 ΔΔ
ln c                                                                                                               (7) 

 

Where: ΔG° (J) Gibbs free energy change, ΔH° (J/mol) enthalpy change, ΔS° (J/mol K) 

entropy change, Kc the equilibrium constant calculated from the ratio of the equilibrium 

concentration of sorbate on the sorbent (cad) and in the solution (cs), Kc = cad/cs. Via linear Plot 

of lnKc vs. 1/T is determined ΔH° and ΔS° values (equation 7). 

 

 
Figure 2 Isotherms of nitrate sorption onto modified zeolite 

 

Table 1 Parameters of equilibrium isotherms for sorption of nitrates 

Isotherm Parameter Sorbate 

Langmuir 

KL×10
2
 (dm

3
/mg) 8.128 

qm (mg/g) 19.209 

R
2
 0.951 

Freundlich 

KF ((mg/g) (dm
3
/mg)

1/n
) 2.496 

n (g/dm
3
) 1.938 

R
2
 0.908 

Temkin 

KT (dm
3
/g)

 
0.575 

B (J/mol) 4.923 

R
2
 0.962 

Dubinin-

Radushkevich 

qDR (mg/g) 12.663 

KDR×10
6 
(mol

2
/J

2
) 4.686 

E (J/mol) 326.651 

R
2
 0.990 

 

Table 2 Thermodynamic parameters of nitrate sorption by modified zeolite 

t (°C) T (K) ΔG° (kJ/mol) ΔH° (kJ/mol) ΔS° (kJ/mol K) R
2
 

25 298.16 -1.900 

-6.015 -0.014 0.989 35 308.16 -1.787 

45 318.16 -1.624 
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The spontaneity process of the nitrate sorption onto modified zeolite decreases with 

increasing temperature from 25 to 45°C (Table 2). The removal of anions from an aqueous 

solution had a negative enthalpy change (ΔH°=-6.015 kJ/mol), and therefore, sorption is 

exothermic. The enthalpy change value is in the range of 2-20 kJ/mol, which once again 

confirms that the mechanism of nitrate anion binding to zeolites is of physical nature 

(physisorption) [18]. The randomness at the sorbent/solution interface decreases by 

establishing the interaction of anions and sorption centres of zeolite (ΔS°=-0,014).  

The justification of the raw zeolite modification by FeCl3 is confirmed by the higher 

modified zeolite sorption capacity towards nitrate (qm=12.068 mg/g), which is almost three 

times higher than the raw zeolite capacity (qm=4.324 mg/g) under the following process 

conditions: dose 2 g/dm
3
, nitrate concentration of 25 mg/dm

3
, temperature 25°C, pH=6 and 

contact time of 1 h.  

 

CONCLUSION 

The three-fold enhancement of the nitrate uptake was achieved by the modified zeolite 

compared to the raw one in a solution where pH, temperature, sorbent dose, sorbate 

concentration and contact time were varied. In general, modified zeolite has a potential 

application as a sorbent material for anions (nitrates, phosphates, etc). From the applied 

equilibrium isotherms, Dubinin-Radushkevich gives the best data correlation (R
2
=0.990) for 

the sorption and indicates that nitrate ions bind onto an energetically nonuniform surface of 

the modified zeolite. Thermodynamic and equilibrium investigations suggest that 

physisorption is involved in the interaction of zeolite and anions. 
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Abstract  

Potential usage of agricultural waste – oat straw was examined for anions removal from aqueous 

media. The point of zero charge of oat straw was found to be 6.57. Efficient removal of sulphates was 

achieved in acidic conditions (pH=4) with sorbent dose of 0.75 mg/dm
3
. The contact time had a 

significant influence on the sulphate removal up to 20 min of the process. Kinetic models were applied 

to describe the sorption mechanism. The sorption process was followed by pseudo-first order kinetics. 

Keywords: Avena sativa, oat straw, sulphates, Lagergren model, Weber-Morris model. 

 

INTRODUCTION 

Due to the growth of the world population, development of industry and excessive use of 

natural resources, there is a constant growing pollution of surface and underground water. 

Techniques which could provide water reuse became a necessity. Although efficient, modern 

technologies such as electrolysis or chemical precipitation are expensive and energy and 

reagent-consuming. Biosorption provides satisfactory results in pollutants elimination from 

wastewaters [1]. Compared to conventional methods, biosorption has certain advantages:  

low-cost, efficient at low concentrations of pollutants and ecologically sustainable. A 

renewable source – biomass is used, which is often considered waste in the environment. It is 

possible to regenerate the used biomass, so metal concentrate and biomaterial ready for a new 

removal cycle are obtained. Biomass efficiency can be increased by modification by physical, 

chemical, thermal or combined treatments [2]. 

Oat (Avena sativa) is a cereal used for livestock feed, but also for human consumption. 

Health benefits of oat were emphasized since bioactive compounds in this cereal reduce the 

risk of cardiovascular disease and diabetes [3]. Since significant amount of oat straw is 

generated world-wide, this paper aimed to examine its possible application in water 

purification. 
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MATERIALS AND METHOD 

Material 

Oat straw was collected from local fields in the vicinity of Lebane. Oat straw was ground 

in a laboratory blender and sieved on a laboratory sieve of 1 mm diameter. It was then dried 

in the oven at 105°C to constant mass in order to determine moisture content. 

The point of zero charge 

The pH at the point of zero charge (pHpzc) of sorbent surface is the pH at which this surface 

has a net neutral charge. pHPZC for oat straw was determined by mixing 0.05 g of milled oat 

straw and 20 mL of 0.1 M KCl and varying the pH from 2 to 12 and measured by digital pH 

meter (HI-2209, Hanna, USA). The initial pH (pHi) was adjusted by adding HCl (0.1 M) or 

NaOH (0.1 M). The mixtures were left for 24 hours. The final pH (pHf) of the solution was 

measured and the ΔpH = pHf − pHi was plotted against the pH of the initial solution. 

Sorption experiments 

The sorption study was conducted in order to analyze the effect of sorbent dose            

(0.25 to 1 g/dm
3
), pH (2–10) and contact time (5–60 min) with sorbate concentration of 50 

mg/dm
3
. All the experiments were performed at 25°C. Deionized water was used for 

preparation of all solutions.  

The concentration of sulphates was measured spectrophotometrically at 420 nm, after 

reaction with BaCl2. The sorption capacity oat straw towards sulphates over time, qt (mg/g), 

was calculated according to the following equation: 

 

m

Vcc
q

)( t0
t


                                                                                                                   (1) 

 

where c0 and ct represent the initial concentration and concentration of the sulphates 

solution in time t (mg/dm
3
), respectively, V volume of the sulphates solution (dm

3
), and m the 

mass of the oat straw (g). 

 

RESULTS AND DISCUSSION 

The moisture content in oat straw was found to be 5.64%. The influence of sorbent dose on 

sulphates sorption is presented in Figure 1.  

The sorption capacity of the oat straw rises with an increase in the dose up to 0.75 g/dm
3
 

(Figure 1) because the available sorbent surface area and the number of active sites for 

binding sulphate anions are larger [4]. Further increasement of the dose to 1 g/dm
3
 led to a 

slight change in the degree of sulphate removal by the oat straw.  

Figure 2 shows the dependence of pHf–pHi on pHi, based on which the pHpzc of the 

sorbent was determined. The pHf–pHi dependence curve on pHi intersected the x-axis at pH 

6.57, i.e., sorbent pHpzc. At a pH value lower than the pHpzc value, the groups or sorption 

centres of oat straw are positively charged, while at a pH value higher than the pHpzc, the 

functional groups are negatively charged [5,6]. 
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Figure 1 The effect of sorbent dose on sulphates removal 

 

At pH values of lower than 6.57, electrostatic interactions between the positively charged 

surface of the sorbent and sulphate anions are established. 

The pH affects the sorption performance of the sorbent towards sorbates, either anionic or 

cationic. The ionization degree of the functional groups of the sorbent is a function of the 

acidity or basicity of the solution [4]. The results of the pH value effect on the sorption 

capacity of oat straw towards anions are shown in Figure 3. 

 

 

 
Figure 2 Determination of zero point charge of 

oat straw 

Figure 3 Dependence of oat straw sorption 

capacity for sulphates on pH 

 

Sulphate binding to the surface of oat straw is favored in acidic conditions (Figure 3) 

because the sorbent itself is positively charged below pHpzc=6.57, which enables interaction 

with sulfate anions. At pH value 4, the highest removal capacity of sorbent towards sulphates 

(qm=36.639 mg/g) was achieved. 

Kinetic models are applied to define the sorption mechanism, the stage that controls the 

sorption rate, and the surface reaction of the sorbent. Lagergren's pseudo-first-order model, 

Ho's pseudo-second-order model, and Weber-Morris intra-particle diffusion model have broad 
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applications in sorption processes [7–9]. The nonlinear forms of the pseudo-first and pseudo-

second order models are shown by the following equations: 

 

)1( 1

et

tk
eqq                                                                                                                     (2) 

tkq

tkq
q

2e

2

2

e
t

1
                                                                                                                      (3) 

 

where k1 (1/min) is the pseudo-first-order rate constant, k2 (g/mg min) is the pseudo-

second-order rate constant, qt (mg/g) is the sorbent capacity at time t, and qe (mg/g) is the 

sorbent capacity in the equilibrium state. 

According to Lagergren's pseudo-first-order model [10], one type of sorbate reacts with 

one sorbent center, and the model considers that the occupation degree of the sorbent surface 

is proportional to the unoccupied sorption centers. Ho's pseudo-second-order model [11] 

assumes that the sorption kinetics depends on the sorbate concentration in the solution and the 

number of free sorption centers on the surface of the sorbent. 

Insight into the sorption mechanism and the rate-controlling step for porous sorbents is 

provided by the Weber-Morris intraparticle diffusion model [12]. The overall rate of sorption 

is determined by the slowest step or stage, which is diffusion through the boundary layer and 

diffusion within the pores. The linear Weber-Morris model is given by equation 4. 

 

Ctkq  2/1

idt                                                                                                                     (4) 

 

Where kid is the intra-particle diffusion rate constant (mg/g min
1/2

), and C is a constant 

proportional to the thickness of the boundary layer. 

The experimental data of sulphates sorption onto oat straw were fitted using the nonlinear 

regression method according to pseudo-first and pseudo-second order kinetic models. For this 

purpose, the software package Origin Pro 8.0 (OriginLab Corporation, USA) was applied. 

The kinetic parameter values are given in Table 1, while the nonlinear curves describing the 

sorption process are shown in Figure 4a. 

The contact time has a significant influence on the sulphate removal up to 20 min. Oat 

straw sorption capacity does not change significantly afterwards (Figure 4a). It can be seen 

from the Figure 4a that the pseudo-first order model showed better agreement with the 

experimental data. This claim is supported by high correlation coefficient of the pseudo-first 

order (R2=0.996) model of the removal process of sulphate ions from aqueous solutions 

compared to the pseudo-second order model (R2=0.986) (Table 1). The calculated sorption 

capacity according to the pseudo-first-order model (qe, cal=36.230 mg/g) is closer to the 

obtained experimental value of sorption capacity (qe, exp =36.639 mg/g). 
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Table 1 Kinetic parameters of models sorption of sulphates 

Kinetic model Parameter Sulphate 

Experimental qe, exp (mg/g) 36.639 

Pseudo-first 

order 

qe, cal (mg/g) 36.230 

k1 (1/min) 0.124 

R
2
 0.996 

Pseudo-second 

order 

qe,cal (mg/g) 41.467 

k2×10
3
 (g/mg min)  3.920 

R
2
 0.986 

Intra-particle 

diffusion 

kid1 (mg/g min
1/2

) 8.707 

C1 -2.556 

R
2
 0.985 

kid2 (mg/g min
1/2

) 0.852 

C1 30.072 

R
2
 0.980 

 

a) b) 

 
 

Figure 4 a) Kinetic model of of pseudo-first and pseudo-second order; and b) intra-

particle diffusion model of sulphate sorption 

 

The linear straight line of the dependence of qt on t
1/2 

does not pass through the coordinate 

origin, therefore, intra-particle diffusion is not the only rate-limiting step of sulphates removal 

from aqueous solutions. In the graph in Figure 4b, there is a multilinearity, which indicates 

two stages of the sorption process: external surface sorption and intra-particle diffusion. The 

first phase of the process lasts 10 minutes, during which the transport of sorbate occurs 

through the boundary layer to the outer surface of the sorbent. The second phase, intra-

particle diffusion, significantly determines the rate of sulphate sorption. These steps 

determine the rate of the sorption process and high correlation coefficients were obtained by 

linear fitting (Table 1). 

 

CONCLUSION 

Low-cost and non-toxic agricultural waste such as oat straw can be used for polluted water 

treatment. The sorption of sulphates is pH-dependent and favoured in acidic conditions since 

the sorbent itself is positively charged below pHpzc=6.57, thus enables interaction with 
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sulphate anions. According to obtained data, the removal of sulphate anions by oat straw from 

aqueous solutions was very well described by the Lagergren pseudo-first order model. 

According to Weber-Morris intra-particle diffusion model, sorption of sulphates is a two-step 

process. 
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Abstract 

Ultrasound-assisted extraction was applied for acetamiprid extraction using non-toxic solvents of 

different polarity, which are recognized as “green” solvents. Soil with 1.87% of organic matter 

content was fortified and used as model of polluted soil. Acetamiprid was spectrophotometrically 

quantified at 240 nm. After 60 minutes of ultrasound-assisted extraction, the highest recovery was 

observed with methanol (82.45%), followed by 2-propanol. The lowest recovery was obtained with 

ethyl-acetate (54.23%).  

Keywords: acetamiprid, soil contamination, ultrasonic extraction, organic carbon, green 

solvents. 

 

INTRODUCTION 

Soil represents the surface layer of the Earth's crust, where the most diverse processes of 

composition/decomposition of substances continuously occur. Soil is a biochemical complex 

of organic and inorganic compounds formed by synergistic effect of geological, chemical and 

biological factors. Fertile soil provides sufficient amount of essential nutrients for plant 

growth and reproduction, which are consequently used for livestock and human consumption. 

However, due to constant human growth population, an intensive agricultural activity and 

food production leave far-reaching consequences on soil quality. Soil erosion, floods, 

landslides, salinization and organic matter decline contribute significantly to reduction of soil 

usability [1]. 

Also, an urging problem often represents unjustified, excessive application of different 

pesticides in agriculture, in order to increase yield of crops. Acetamiprid is a neonicotinoid, 

systemic, broad-spectrum insecticide used for crops, fruits, vegetables and ornamental plants 

protection against aphids, moths, leafhoppers. It is applied as an efficient alternative to more 

toxic organophosphates for suppression of potentially dangerous vectors such as mosquitos, 

but also flies and mites [2]. However, due to intensive use, residues of acetamiprid have been 

found in the environment and diverse tissues [3,4]. 
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In this research, ultrasound-assisted extraction was applied to extract acetamiprid using 

solvents of different polarity from a model of polluted soil. 

 

MATERIALS AND METHODS 

Soil sample 

Surface soil (0–20 cm in depth) was collected from the field in Jablanica district, west from 

Leskovac, with no agrotechnical procedures and agricultural production in the last five years. 

The soil was air-dried for 3 weeks, mixed daily, ground, sieved through a 2 mm mesh, and 

stored in plastic container until used. 

Soil organic matter 

Soil organic matter was determined according to Tuyrin volumetric method [5]. Namely,         

1 g of soil was mixed with 10 ml of 0.167 mol/dm
3
 K2Cr2O7 after which 20 ml of conc. 

sulphuric acid was added and the mixture was left for 60 minutes for complete oxidation and 

cooling. The mixture was diluted with 100 ml of deionized water. Standardized 0.5 mol/dm
3
 

FeSO4 was used for titration, with freshly prepared ferroin indicator. 

Soil fortification and extraction method 

The spectral recordings, performed in quartz cuvettes with path length 10 mm, showed 

peak at 240 nm for acetamiprid. Aquatic extract of soil showed no pronounced peaks at this 

wavelength, and therefore was considered non-treated. Amount of 500 g of soil was mixed 

with standard solution of acetamiprid in water, thoroughly stirred and left in a thin layer for 

48 hours till completely dry. Acetamiprid was then extracted from the fortified soil samples 

using ethanol, 2-propanol and ethyl-acetate (Merck, Germany) in an ultrasonic bath 

(Vabsonic, Nis, Serbia) for 60 minutes. For blank, a sample of unpolluted soil was subjected 

to the same extraction procedure with previously mentioned solvents. Aliquots were taken 

after 10, 20, 30, 40, 50 and 60 minutes and centrifuged at 2000 rpm. Supernatants were 

passed through columns manually packed with 500 mg of silica gel, since humic substances 

can be absorbed on silica gel surface [6]. Deionized water was used conditioning (3x5 ml) and 

for acetamiprid elution (10 ml), due to high solubility of this insecticide in water. The 

absorbance was measured at 240 nm, on a UniSpec 2 UV-VIS LLG spectrophotometer. 

Stock solution of acetamiprid (100 mg/dm
3
) in water was appropriately diluted in order to 

prepare calibration set of samples with concentrations within the range 0.05–20 mg/dm
3
. 

 

RESULTS AND DISCUSSION 

Application of ultrasound-assisted extraction is of growing interest in scientific community 

due to its advantages: low consumption of solvents, shorter extraction time, few low-cost 

instrumental requirements, and low environmental impact. It is marked as “green chemistry” 

method [7].  

UV spectrum of acetamiprid in water is given in the Figure 1a. Calibration curve (Figure 

1b) was linear in the range 0.05–20 mg/dm
3
 (R

2
=0.9985). According to Tuyrin method, 

organic matter in analysed soil was 1.87%, which multiplied by 1.72 corresponds to 3.22% of 

humus in soil. 
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The results of some research indicated that humic-pesticide interactions can influence and 

alter the toxicity of agricultural chemicals, thus combined antagonistic and synergistic effects 

were manifested [8]. 
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Figure 1 a) UV/Vis spectrum; b) calibration curve of acetamiprid in water 

 

Efficiency of ultrasound-assisted extraction using methanol, 2-propanol and ethyl acetate is 

represented in the Figure 2. The solvents were chosen based on the difference in polarity. As 

it can be seen, the most polar solvent in this group – methanol (relative polarity 0.762) 

provided the highest recoveries of acetamiprid content in soil over time: 30.04% after             

10 minutes and reaching up to 82.45% after 60 minutes of extraction. In the case of                 

2-propanol (relative polarity 0.546), recoveries were 22.87% after 10 minutes, up to 72.89% 

after 60 minutes of ultrasound. In the case of the least polar ethyl acetate (relative polarity 

0.228) recovery ranged from 19.21% to 54.23%, respectively. Solvents of higher polarity 

provided higher recoveries. However, it is noticeable that after 40 minutes, a balance is being 

established, and no significant increase of recovery is being noted with methanol, 2-propanol, 

nor ethyl acetate. 

 

 
Figure 2 Efficiency of ultrasound-assisted extraction of acetamiprid using solvents of different 

polarity  
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Acetamiprid had a strong negative influence on soil respiration and the enzymatic activities 

in soil [9]. Therefore, monitoring of its presence in the environment is of great importance.  

 

CONCLUSION 

In order to decrease the growing exposure of human population to pollutants in the 

environment, there is a necessity for continuous screening of soil quality. The presence of all 

types of pesticides represents a great problem. Since through food chain, pesticides reach into 

humans, they pose a health risk, especially for vulnerable categories such as infants, children, 

elderly and chronic patients. Ultrasound-assisted extraction followed by spectrophotometric 

detection of acetamiprid provided satisfactory results, with low costs, non-demanding 

instrumentation and usage of ecologically friendly solvents, therefore can be used for fast, 

preliminary assessment of acetamiprid presence in agricultural soil. 
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Abstract  

In the present study the CeO2-ZnO composites were synthesized by plant extract – mediated synthesis 

combining hydrothermal treatment and/or calcination. The phase composition and structure of 

prepared CeO2-ZnO materials was determined by powder X-ray diffraction analysis (PXRD) and 

Fourier-transform Infrared (FT-IR) spectroscopy. The presence of ZnO and CeO2 phases was 

established by PXRD and FT-IR analyses. The photocatalytic ability of prepared CeO2-ZnO was 

investigated in the reaction of degradation of Reactive Black 5 dye (RB5) as a model pollutant in 

aqueous solutions under UV illumination. Using thermally treated CeO2-ZnO material higher degree 

of degradation of RB5 dye (43%, 180 minutes UV irradiation) was achieved compared to CeO2-ZnO 

synthesized by hydrothermal treatment followed by calcination was used. 

Keywords: cerium dioxide-zinc oxide, green synthesis, photocatalytic ability, dye. 

 

INTRODUCTION 

The contamination of aquatic systems with the textile and pharmaceutical wastes from 

industries is global problem for environmental. Photodegradation of industrial dyes and 

pharmaceutical wastes using metal oxide nanomaterials is often part of advanced oxidation 

processes [1]. Green synthesis has attracted the attention of researchers as a reliable, durable, 

and environmentally friendly method to obtain a wide range of nanomaterials, hybrid 

materials and biomaterials [2]. ZnO is a semiconductor that performs various functions due to 

its wide direct energy band gap of 3.37 eV and large exciton binding energy (about 60 meV) 

[3]. CeO2 has been considered as an excellent semiconducting photocatalytic material due to 

its moderate band gap energy of 3.19 eV. By combining the properties of ZnO and CeO2, the 

composite material acts as an excellent photocatalyst because of the increasing charge carrier 

mobility [4]. The green approach using plant extracts from Moringa oleifera LE [1], Hibiscus 

Sabdariffa L. [3], Glycosmis mauritiana [5], Fruits of Acacia Nilotica [4], hydrothermal 

method [6,7] and precipitation [8] for preparation of CeO2-ZnO nanocomposites are discussed 

in the literature.  

 The current investigations deal the green synthesis using plant extract from Vaccinium 

vitis-idaea L., physicochemical characterization and comparative photocatalytic study of 

CeO2-ZnO composite materials for degradation of Reactive Black 5 dye (RB5), as a model 

pollutant in aqueous solutions, under UV illumination. 

 

https://www.dema.ufscar.br/en/institutional/multi-user-equipment/materials-characterization/fourier-transform-infrared-ft-ir-spectrometer
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MATERIALS AND METHODS 

Materials 

Ce(NO3)3·6H2O (Alfa Aesar), Zn(NO3)2·6H2O (Valerus Co.), NaOH (Valerus Co.) and 

Vaccinium vitis-idaea L. (dried leaves).  

Plant-mediated synthesis of the CeO2-ZnO composites  

The CeO2-ZnO materials were synthesized using 0.09M aqueous solutions of 

Ce(NO3)3·6H2O (Alfa Aesar) and Zn(NO3)2·6H2O (Valerus Co.) mixed in ratio 1:1 at 

constant stirring for 10 minutes. The prepared plant extract from Vaccinium vitis-idaea L. – 

45 ml was added to the mixture of nitrate precursors. The obtained mixture from nitrate 

precursors and plant extract was stirred for 10 minutes. The precipitant 2M NaOH (Valerus 

Co.) was added drop by drop in the mixture of aqueous solutions of nitrate precursors and 

plant extract until pH reached 11 at continuous stirring. After co-precipitation the suspension 

was stirred for 30 minutes at room temperature and then sealed into autoclave at 180
o
C for 8 h, 

followed by natural cooling down to room temperature. The precipitates were filtered and 

washed with distilled water several times and dried at 50
o
C. The hydrothermally prepared 

sample was labelled CeO2-ZnO (CZH). After that the calcination at 500
o
C for 4 hours in air 

atmosphere was carried out and the obtained material was denoted CeO2-ZnO (CZHT). The 

other CeO2-ZnO sample was obtained using the above precipitation procedure and 

additionally sonicated. The precipitates were filtered and washed with distilled water several 

times and then dried at 50
o
C. After that the thermally treatment at 500

o
C for 4 hours in air 

media was performed. The prepared material was labelled CeO2-ZnO (CZT). 

Physicochemical characterization 

The prepared CeO2-ZnO samples were characterized by Powder X-ray diffraction (PXRD) 

analysis and Fourier-transform Infrared spectroscopy (FT-IR). The PXRD analysis was 

performed on a X-ray powder diffractometer “Empyrean” within the range of 2θ values 

between 3° and 100° using Cu Kα radiation (λ=0.154060 nm) at 40 kV and 30 mA. The 

identification of phases was performed through X’pert High Score Plus software. FT-IR 

spectra were taken on a Bruker Tensor 37 spectrometer in the region 4000–400 cm
−1

, using 

KBr pellet technique.  

Photocatalytic tests 

The photocatalytic degradation of aqueous solution of Reactive Black 5 dye with 

concentration of 5 ppm was investigated in semi-batch slurry reactor using synthesized  

CeO2-ZnO composite materials as catalyst and 150 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 (λmax=599 nm) and a polychromatic 

UV-A lamp illumination (18 W) with maximum of the emission at 365 nm and intensity of 

illumination was 0.66 mW/cm
2
. The photocatalytic tests were performed in the presence of 

1M HCl acid at pH=3.5. 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. The study of the photocatalytic ability of CeO2-ZnO samples was performed by taking 

aliquot parts of the suspension out of the reaction vessel after regular time intervals. The 

separation of the powder from the suspension was carried out by centrifugation before the 
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UV–Vis spectrophotometrical absorbance measurements. Thereafter, the separated amount is 

returned back to the sampling solution and further into the reaction vessel, which ensured 

operation under constant volume and constant catalyst amount.  

 

RESULTS AND DISCUSSION 

Figure 1 presents the X-ray diffractograms of prepared CeO2-ZnO materials. The presence 

of CeO2 phase (Ref.Code 01-073-9516) and also ZnO phase (Ref.Code 01-083-6338) are 

registered in the obtained CeO2-ZnO samples. 

 

 
Figure 1 PXRD patterns of green prepared a) CeO2-ZnO (CZT); b) CeO2-ZnO (CZH);                        

c) CeO2-ZnO (CZHT) composites using hydrothermal and/or thermal treatment  

 

The FT-IR spectra of obtained CeO2-ZnO materials in the range of 4000–400 cm
-1

 are 

presented on the Figure 2. The peaks in range of 556 cm
-1

 to 420 cm
-1

 resulting from Zn–O 

and Ce–O bonds [1,3,5]. The other registered bands in the FT-IR spectra of prepared      

CeO2-ZnO composites could be due to the plant extract used during the synthesis [2,3,5]. The 

results obtained from Fourier-transform Infrared spectroscopy (FT-IR) are in agreement with 

Powder X-ray diffraction (PXRD) analysis.    
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Figure 2 FT-IR spectra of green synthesized CeO2-ZnO materials using hydrothermal treatment 

and/or calcination 

 

Reactive Black 5 is a toxic azo dye that has adverse effects on the health of peoples and the 

environmental ecosystems [9]. For this reason in the present work was investigated the 

reaction of photocatalytic degradation of Reactive Black 5 dye using green synthesized  

CeO2-ZnO materials as photocatalysts under UV light. Figure 3 shows the concentration ratio 

C/C0 of Reactive Black 5 dye as a function of the UV irradiation time. The degree of dye 

degradation was calculated using the dependence: ((C0-C)/C0)·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.   

  

 
Figure 3 The concentration ratio C/C0 of Reactive Black 5 dye with time of UV illumination 

 

The photocatalytic tests determined that green synthesized CeO2-ZnO material (CZT) 

demonstrates the higher photocatalytic ability for degradation of RB5 dye (43%) compared to 

CeO2-ZnO (CZHT) (25%). The similar results about degradation of Reactive Black 5 dye in 
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acidic pH region using CeO2-ZnO photocatalyst obtained by chemical precipitation were 

established by Murugesan et al. [10]. According to the Pathak et al. [11] the photocatalytic 

efficiency of the CeO2-ZnO composites is influenced by the stability of both Ce
3+

 and Ce
4+ 

states. Ce
4+

 ions capture photoinduced electrons, transforming into Ce
3+ 

ions and reducing the 

recombination of charge carriers. The resulting holes left in the composite material generate 

highly reactive hydroxyl radicals [11].  

 

CONCLUSION 

The CeO2-ZnO composites were successfully prepared by green synthesis in the presence 

of plant extract from Vaccinium vitis-idaea L. and combining hydrothermal and/or thermal 

treatment. The PXRD analysis and FT-IR spectroscopy confirmed the existence of ZnO and 

CeO2 in the CeO2-ZnO composites. The thermally treated CeO2-ZnO material show higher 

photocatalytic efficiency to degrade RB5 dye (43% degradation) after 180 min UV 

illumination in comparison with CeO2-ZnO synthesized by hydrothermal treatment and then 

calcination. 
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Abstract 

This study focuses on the removal of cation and cationic dye from wastewater by adsorption on a bio-

based adsorbent. Cellulose bio-based membrane, CMTA, was obtained by cross-linking of amino-

modified cellulose fiber (CF-A) and tartaric acid (TA) using L-lysine as a cross-linker. The properties 

of the prepared membrane were examined through FTIR and SEM techniques, and pHpzc and 

porosity determination. The effect of pH, initial concentration, temperature, and contact time on the 

adsorption efficiency was studied in a batch system. Results from the adsorption study proved CMTA 

adsorbs of Crystal violet (CV) dye and Ni
2+

 cation ion with high adsorption capacities of              

285.01 mg g
-1

 and 54.35 mg g
-1

, respectively, fitted to the Langmuir isotherm. The kinetic study and 

thermodynamic parameters determination indicate spontaneous and diffusion-controlled processes. 

Keywords: bio-based membrane, batch adsorption study, cation and cationic dye, 

environmental protection. 

 

INTRODUCTION 

Pollution from various industrial sectors (waste water, soil, air), influence sharp increase 

and disturbs human health and the environmental [1]. Heavy metals, textile dyes, plastics, 

cosmetics, and rubber are widely used and belong to the group of the most dominant 

pollutants. Crystal violet (CV) dye has been widely used as a dye in textiles, veterinary 

medicine, and medical solutions as a mutagenic and bacteriostatic agent, but it has harmful 

effects due to its carcinogenic and mutagenic nature. They influence the cell division process 

and cause long-lasting damage to the eyes [2,3]. The heavy metals are toxic, carcinogenic,  

and not biodegradable. Nickel causes brain and spinal cord damage, and its presence in water 

and soil has an impact on crop yields and aquatic resources [4]. 
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Among many technologies as filtration, coagulation, oxidation, and sedimentation, 

adsorption is the most commonly used and effective method. Bio-based adsorbents as 

membranes are mostly used because they are environmentally acceptable, renewable, and 

harmless to nature and the living world [3]. Cellulose as a material is a natural, renewable, 

biodegradable, and non-toxic polymer. Hydroxyl groups in the structure are easily 

functionalized with other given functional groups, increasing their hydrophilicity, physical 

stability, and adsorption efficiency. 

In the present study, bio-based membrane (CMTA) was prepared, characterized and their 

examine for effectiveness in the removal of CV and Ni
2+

 ions from water solutions. The 

isotherms, thermodynamics, and kinetics of pollutants removal onto the CMTA were studied. 

 

MATERIALS AND METHODS 

Materials 

All chemicals: Tartaric acid (TA), L-Lysine, N'-diisopropylcarbodiimide (DPCA),                    

4-dimethylaminopyridine (DMAP), dimethyl sulfoxide (DMSO), lithium chloride (LiCl) 

dimethylformamide (DMF), nickel standard 1000 mg dm
-3

 and crystal violet (CV) are of p.a. 

quality, and supplied from Sigma Aldrich. The synthesis of ethyl 4-chloro-4-oxobutanoate 

(CPC) was performed according to the procedure described previously [5]. Cellulosic material 

from waste tobacco boxes was provided by Naša Kuća (Belgrade, Serbia). Adjustment of pH 

was accomplished with 0.1M NaOH and 0.1M HNO3 (Sigma Aldrich).  

Preparation of membrane 

The cellulose based membrane preparation (Figure 1a) was performed by cross-linking of 

amino functionalized cellulosic fibers with tartaric acid similarly to the procedure given in 

recent literature [6]. The cellulose fibers (CF) from waste paper was prepared by swelling, 

using DMSO/LiCl system, and aftre performing functionalization with CPC and L-Lysine to 

obtain amino-modified cellulose fiber (CF-A) [7]. In a subsequent step 10 g of CF-A were 

soaked in 30 mL of tartaric acid (TA) solution (0.2 mol in 20 mL of DMF) and mixed using a 

planetary stirrer (at 60 rpm) for 5 min. After that 2.5 g of DPCA (0.0156 mol) and 0.25 g of 

DMAP (10 mol.% with respect to DPCA) were added and continued with mixing for 20 min 

and then continuously heated at 100°C for 3 h.  The obtained material was filtered (to remove 

excess of DMF), washed with ethanol, and pressed at room temperature between two porous 

plates (90 μm pore) with a load of 20–30 kN to obtain a membrane CMTA (thickness 4 mm). 

Characterization and adsorption method 

The structural and morphological characterization, pHPZC, and porosity were performed 

using Fourier transform infrared spectroscopy (FTIR) (Nicolet iS10 spectrometer, Thermo 

Scientific, Sweden, in the transmission mode and range 4000–500 cm
-1

), Scanning Electron 

Microscopy (SEM) (Tescan Mira3 XMU Field, operated at 20 kV, Czech Republic), pH 

meter (HI-2210-02 Bench Top, HANNA instruments, Hungary) according to procedure 

described [7], image analysis (Image-Pro Plus software), and dry-wet weight method [7], 

respectively. Adsorption of CV dye and Ni
2+

 ions was done in a batch system at different 

temperatures (25°C, 35°C, and 45°C), mixing of 1, 2, 3, 4, 5, 7.5, and 10 mg of CMTA with 

10 cm
-3

 of solution CV dye (Ci=20.0 mg dm
-3

 and pH 7) and 10 cm
-3

 of Ni
2+

 ions solution   
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(Ci=7.55 mg dm
-3

 and pH 7). The process of attaining of adsorption equilibrium for dye 

removal was monitored for 120 min at a wavelength of 590 nm, using the UV-Vis 

Spectrophotometer 1800 (Shimadzu, Japan). The concentrations of ions Ni
2+

 were measured 

by atomic absorption spectrometry (AAS) using a Perkin Elmer AAnalyst 300 (United 

States). The adsorption capacity was calculated using the equation given in the work of Muna 

et al. [7]. 

 

RESULTS AND DISCUSSION 

The result of the dry-wet weight method and the image analysis (Image-Pro Plus software, 

Media Cybernetics) revealed that the porosity of the membranes was about 54.8% and had an 

average pore diameter of about 4.2 µm. 

 

 
Figure 1 a) Preparation of  CMTA; b) FTIR spectra of membrane before and after adsorption with 

CV and Ni
2+

; c) SEM image of CF; d) CMTA 

 

The FTIR spectra, presented in Figure 1b, confirmed successfulness of CMTA membrane 

preparation. FTIR spectra of CF show characteristic bonds for cellulose. The peaks at            

3340–3330 cm
-1

, 1639 cm
-1

 refer to the stretching vibration and bending vibration of O-H 

group, respectively, and ones in the range from 1161 to 1021 cm
-1

 were assigned to 

asymmetric/symmetric vibrations of C-O, C-O-C groups of polysaccharide structure. 

Stretching and bending vibration of C-H groups are observed in 2920–2851 cm
-1 

and       

1430–1316 cm
-1

 regions. After amino modification with lysine and cross-linking with tartaric 

acid, obtained CMTA show peaks from cellulose and small peaks at 1705 cm
-1

 and 1573 cm
-1

 

corresponding to overlapped ester, carboxylic and the amide group, respectively, which 

confirmed successful modification. A new peaks at 1592, 830 and 796 cm
-1

 in the spectra 
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CMTA-CV corresponding to N-H and =CH out-of-plane deformation vibration of the 

aromatic ring from CV dye. In the spectrum of CMTA-Ni
2+

 the decrease of peak intensity, 

due to electrostatic interaction of Ni
2+

 with negative charges at the adsorbent surface, was 

observed. 

SEM images (Figures 1c and 1d) indicate the change of cellulose surface after 

modification and the surface of obtained membranes gives the adsorbents with a highly 

porous morphology in relation to unmodified CF. 

The determined pHpzc value of CMTA of 6.3 indicate that CMTA has a negative surface 

at pH > pHPZC which is beneficial condition for effective removal of cationic pollutants. The 

results of adsorption data fitting, determined using Langmuir adsorption models as described 

in the recently published work Muna et al. [7], are given in Table 1. 

 

Table 1 Results of Langmuir isotherm models for CV and Ni
2+

ions adsorption onto CMTA 

Pollutant t (°C) qm (mg g
-1

) KL (dm
3
 mg

-1
) R

2
 

CV 

25 285.01 20.557 0.999 

35 291.90 32.149 0.999 

45 298.84 57.205 0.999 

Ni
2+

 

25 54.35 7.6984 0.998 

35 56.36 9.5170 0.998 

45 58.39 12.061 0.999 

 

The data from Table 1 show that adsorption capacity (qe) and Langmuir constant (KL) 

increases with increasing temperature, indicating a high affinity of CMTA surface sites for 

cationic pollutants removal. 

Results of the adsorption study at 25, 35, and 45°C, fitted using Van't Hoff Equations [7], have 

been used for calculation of thermodynamic parameters presented in Table 2. 

 

Table 2 Calculated Gibbs free energy ΔG
Θ
, enthalpy (ΔH

Θ
), and entropy (ΔS

Θ
) for CV and 

Ni
2+

adsorption onto CMTA 

Pollutant 
ΔG

Θ
 (kJ mol

-1
) 

ΔH
Θ
 (kJ mol

-1
) ΔS

Θ
 (J mol

-1
 K

-1
) R

2
 

25°C 35°C 45°C 

CV -49.47 -52.28 -55.50 40.29 300.84 0.99

2 Ni
2+

 -42.23 -44.19 -46.25 17.69 200.92 0.99

7  

Thermodynamic data indicate feasible and spontaneous adsorption processes with the 

participation of both physisorption and chemisorption [8], as well as and an endothermic 

nature of the adsorption processes. 

Additionally, the results in Table 3 show that the best correlation of experimental data was 

obtained using the PSO model of the equation. This result indicates that the rate depends on 

both adsorbate and surface functionalities concentration and diffusion-controlled processes 

(Table 4). 
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Table 3 Pseudo-first, PSO and second-order model parameters for the adsorption of CV and Ni
2+

 on 

CMTA 

Pollutant 
Model 

parameters 
Pseudo-first PSO Second order Ea (KJ mol

-1
) 

CV 

qe 76.92 189.98 189.98 

9.60 k (k1, k2) 0.06086 0.00160 0.00568 

R
2
 0.994 0.999 0.950 

Ni
2+

 

qe 54.11 79.61 79.61 

16.37 k (k1, k2) 0.04823 0.00080 0.00574 

R
2
 0.974 0.993 0.949 

 

Table 4 Kinetic parameters of the Weber-Morris (W-M), Dunwald-Wagner (D-W), and Homogenous 

Solid Diffusion Model (HSDM) models for the adsorption of CV and Ni
2+

 onto CMTA 

 

CONCLUSION 

The aim of the present study was focused on development of a new bio-based membrane 

(CMTA), characterization and investigation of its adsorption efficiency. The adsorptive 

potential was studied concerning Ni
2+

 and CV dye removal in the batch system. 

Thermodynamic parameters indicate the spontaneous and endothermic character, while 

kinetic data confirmed participation of both adsorbate and membrane surface functionalities in 

an adsorption step. Diffusional models indicate that intra-particle diffusion govern overall 

process.  
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Abstract  

In this work, natural lignocellulosic material, hemp fiber (HF), was functionalized with betaine and 

then cross-linking with tartaric acid to produce membrane (MHB-TA) effective in a two anionic dyes 

removal, Acid Blue 92 (AB92) and Congo Red (CR), from water. The obtained MHB-TA was 

structurally and morphologically characterized using FTIR and SEM analysis. The effects of initial 

dye concentration, pH, contact time, and temperature of anionic dyes on adsorption were studied in 

adsorption experiments performed by batch systems. The calculated maximum adsorption capacities 

of 352.27 mg g
-1

 and 382.63 mg g
-1

 for AB92 and CR, respectively, were obtained from Langmuir 

model fitting at 25°C. The calculated thermodynamic parameters indicate that the process is 

spontaneous and endothermic with participation of both physisorption and chemisorption processes. 

The kinetic experimental parameters were fitted through a pseudo-second-order model and a           

Weber–Morris model. The results present the high applicability of MHB-TA for wastewater 

purification. 

Keywords: Hemp fiber, batch adsorption study, Acid blue 92, Congo red, green adsorbent. 

 

INTRODUCTION 

Synthetic organic dyes are widely used in industries, textile, paper, printing, cosmetics, and 

plastics [1,2]. Dyes cause pollution from effluents which disturb human health and ecological 

equilibrium. The purification of wastewater containing organic dyes is necessary before its 

discharge into surface waters, considering both the environmental and health effects, as these 

dyes can be toxic and potentially carcinogenic [3]. 

There are different physicochemical processes for the removal of dyes from wastewater but 

adsorption is widely used as an attractive and promising method due to low cost, high 

efficiency, and ability of the adsorbent regeneration [4,5]. Interest for the development of 
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biopolymer-based adsorbents for the adsorption of synthetic organic dyes has been seen due 

to their abundance and eco-friendliness [4,5]. 

Lignocellulose material contains the cellulose, lignin and hemicellulose natural 

biodegradable polymers with a main renewable source of aromatic structures, 

polyphenol/hydroxyl, carboxyl and other chemical functionality it has a high capacity to 

adsorb organic/inorganic pollutants, e.g. dyes and pharmaceutics and heavy metal ions [4,5]. 

In the present work, natural biodegradable hemp fibers were modified with betaine and 

then cross-linked with tartaric acid to obtain a membrane (MHB-TA). The MHB-TA was 

characterized and used as an adsorbent for the removal of anionic dyes from aqueous 

solutions. The isotherms, thermodynamics, and kinetics of pollutant adsorption onto the 

MHB-TA adsorbent were studied. 

 

MATERIALS AND METHODS 

Materials 

Waste hemp fibers were obtained from ITES Odžaci, Serbia. Tartaric acid (TA), Betaine 

(BE), dimethylformamide (DMF), dimethyl sulfoxide (DMSO), tetrabutylammonium 

hydroxide (TBAOH), 2-pyrrolidone, Acid blue 92 (AB92) and Congo red (CR) were obtained 

from Sigma Aldrich. Adjustment of pH was accomplished with 0.1M NaOH and 0.1M HNO3 

(Sigma Aldrich). All used chemicals are of p.a. quality. 

Preparation of adsorbent 

Before the cross-linking reaction with tartaric acid, the raw hemp fibers (HF) were 

subjected to defibrillation using DMSO/TBAOH system. After extensive washing 10 g of this 

sample was mixed with 2 g of betaine dissolved in 50 mL of 2-pyrrolidone, and heated at 

80°C for 4 h to obtained cationic modified fibers (HFBE) [6]. After cooling to room 

temperature and washing with ethanol, obtained HFBE material is treated with 250 mL of 

tartaric acid solution (0.2 mol in 20 mL DMF) by cross-linking reaction according to the 

procedure given in recent literature [7]. The obtained material was filtered (to remove excess 

DMF), pressed at room temperature between porous plates (0.2 mm pore) with a load of       

20–30 kN and then reheated at 100°C for 4 h to obtain a compact material MHB-TA 

(thickness 4 mm). The modification path applied for HF fibers production is shown in Figure 

1. 

 
Figure 1 Preparation of MHB-TA adsorbent 
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Characterization of adsorbent  

Fourier-transform infrared (FTIR) (Nicolet iS10 spectrometer, Thermo Scientific, United 

States, in the transmission mode and range 4000–500 cm
-1

), Scanning Electron Microscopy 

(SEM) (Tescan Mira3 XMU Field, operated at 20 kV, Czech Republic), used for 

determination of structural and morphological characterization, respectively. pHPZC was 

performed using pH meter (HI-2210-02 Bench Top, HANNA instruments, Hungary) 

according to the procedure described [7], while image analysis (Image-Pro Plus software) and 

dry-wet weight method [7] were used for the determination of textural properties. The 

chloride group are the determination by titration with 0.02 mol L
-1

 AgNO3, using 100 g L
-1

 

K2CrO4 as the indicator (Mohr's method). The nitrogen content (Nc) is determined by the 

Kjeldahl method in according to ASTM D3590-17. The standard test method for ester value 

(EV) covers the determination of the ester value of solvents and thinners in lacquers and other 

coatings. The EV was evaluated according to ASTM D1617-07 (Reapproved in 2012). 

Batch adsorption methods 

Adsorption experiments were performed at different temperatures (25°C, 35°C, and 45°C), 

mixing 1, 2, 3, 4, 5, 7.5 or 10 mg of adsorbents with 15 cm
3
 of AB92 and CR dyes solution 

(Ci=20.0 mg dm
-3

) at pH=7. Thermodynamic parameters were evaluated from adsorption data 

at three temperatures (25°C, 35°C and 45°C). The adsorption kinetics were studied by varying 

the contact time in the range 5–60 minutes at Ci=20.0 mg dm
-3

 of both dyes and 25°C, 35°C, 

and 45°C. The concentrations of AB92 and CR dyes were determined at a wavelength of 498 

and 575 nm, using UV-Vis Spectrophotometer (1800 Shimadzu, Japan). The methodology 

applied for calculation adsorption performances is given in recently published work [7]. 

 

RESULTS AND DISCUSSION 

The result of the textural properties of MHB-TA revealed that the membrane porosity was 

67.9% and an average pore diameter of 5.1 µm, determined using image analysis and dry-wet 

weight method [7]. The pHpzc value of MHB-TA is 7.6, indicate that surface of the obtained 

membrane is positive at pH<pHpzc. Nitrogen and ester groups content in the unmodified HF, 

determined using volumetric methods [7], are as follow: 0.89 mg g
-1 

and 12.1 mg KOH g
-1

,
 

respectively. After modification with betaine and tartaric acid significant increase of these 

parameters, due to performed modification, was observed: 45.7 mg g
-1 

of chloride ions,          

17.7 mg g
-1 

 of nitrogen and
 
106.1 mg KOH g

-1 
of ester groups. 

SEM micrographs (Figures 2a and 2b) show the change of active fibers surface and porous 

morphology with larger number active sites available for pollutant binding in relation to 

unmodified HF, as presented by determination nitrogen and chloride content. 

FTIR technique (Figure 2c) was used for analysis of the surface functionalities before and after 

adsorption. Spectra of HF and MHB-TA before and after dye adsorption show a broad absorption band 

in region 3463–3275cm
−1

 due to OH-groups. Other peaks are assigned to ester stretching vibration 

(1715 cm
−1

), O-H bending (1635 cm
-1

), C–H stretching and bending (2917–2850 cm
−1

 and            

1470–1317 cm
-1

, respectively), C-O/C-O-C stretching (1250–1024 cm
−1

) in both HF and MHB-TA 

material. From the spectra of MHB-TA after dyes adsorption, significant amount of both dyes 

adsorbed, which are deduced from =CH out-of-plane deformations vibration observed in 830–500 cm
-1

 

region (Figure 2c). 
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Figure 2 SEM image of a) HF; b) MHB-TA; c) FTIR spectra of MHB-TA before and after adsorption 

with AB92 and CR 

 

Adsorption, kinetic and thermodynamic study 

The adsorption experiment was used for calculation of adsorption isotherm data, i.e., 

capacity determination using the Langmuir equation, as described in the recent work [7]. The 

results are given in Table 1, at three temperatures. 

 

Table 1 Results of Langmuir isotherm models for AB92 and CR dyes adsorption onto MHBA-TA 

Pollutant t (°C) qm (mg g
-1

) KL (dm
3
 mg

-1
) R

2
 

AB92 

25 352.3 2.027 0.969 

35 354.6 2.169 0.972 

45 358.1 2.322 0.975 

CR 

25 382.6 1.915 0.957 

35 387.1 1.997 0.949 

45 390.7 2.096 0.938 

 

Results in Table 1 show the high adsorptive capacity of the MHB-TA membrane. 

Maximum adsorption capacity slightly increases with temperature increase, changing from 

352.3 mg g
-1

 to 358.1 mg g
-1

 and from 382.6 mg g
-1

 to 390.7 mg g
-1

 for AB92 and CR dyes, 

respectively.  

Gibbs free energy (ΔG
Θ), enthalpy (ΔH

Θ
), and entropy (ΔS

Θ), fitted using Van't Hoff 

Equations [7], were used for the analysis of a thermodynamic aspect of the adsorption process. 

The calculated thermodynamic parameters are given in Table 2. 

The negative values of Gibbs free energy indicate spontaneous adsorption processes with 

the participation of both physisorption and chemisorption [8], and the enthalpy values reflect 

an endothermic process. 
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Table 2 Calculated Gibbs free energy, enthalpy and entropy for AB92 and CR adsorption               

onto MHB-TA 

Pollutant 
ΔG

Θ
 (kJ mol

-1
) 

ΔH
Θ
 (kJ mol

-1
) ΔS

Θ
 (J mol

-1
 K

-1
) R

2
 

25 °C 35 °C 45 °C 

AB92 -44.90 -46.57 -48.27 5.35 168.52 0.999 
CR -44.92 -46.53 -48.17 3.55 162.55 0.996 

 

For determination of the adsorption rates of AB92 and CR dye removal onto MHB-TA, the 

experimental data were modelled using pseudo-first-order (Lagergren), pseudo-second-order 

(PSO), and second-order kinetic equations, as presented in the work by Knežević et al. [7]. 

The obtained results, shown in Table 3, indicate that the best correlation was obtained using a 

non-linear fitting with the PSO equation. The evaluation of the rate-limiting step of overall 

process was based on the results of kinetic data modelling using Weber–Morris (W–M), 

Dunwald–Wagner (D–W), and Homogenous Solid Diffusion (HSDM) evaluation, described 

in recent work [7]. This result indicates that the rate depends on both adsorbate and surface 

functionalities concentrations with a diffusional process as a rate control step. 

 

Table 3 Pseudo-first, PSO, and second order model parameters for the adsorption of AB92 and       

CR adsorption onto MHB-TA 

Pollutant 
Model 

parameter 
Pseudo-first PSO Second order Ea (KJ mol

-1
) 

AB92 

qe 66.11 157.14 157.14 

6.39 k (k1, k2) 0.10318 0.00191 0.00984 

R
2
 0.874 0.998 0.796 

CR 

qe 81.52 157.94 157.94 

2.79 k (k1, k2) 0.12107 0.00231 0.01256 

R
2
 0.959 0.999 0.819 

 

Table 4 Kinetic parameters of the W-M, D-W, and HSDM models for the adsorption of AB92 and         

CR adsorption onto MHB-TA 

 

CONCLUSION 

In this work, the prepared MHB-TA membrane proved to be an effective adsorbent in the 

removal of anionic dyes from water. The high adsorption capacities, obtained using Langmuir 

model fitting and kinetic data, indicate the high performance of MHB-TA. The experimental 

Model Model parameters AB92 CR 

Weber-Morris (W-M)  

(Step 1) 

kp1 (mg g
-1

 min
-0.5

) 19.7496 17.1628 

C (mg g
-1

) 47.48 62.57 

R
2
 0.968 0.974 

Weber-Morris (W-M)  

(Step 2) 

kp2 (mg g
-1

 min
-0.5

) 0.14071 0.28141 

C (mg g
-1

) 145.78 147.33 

R
2
 0.997 0.998 

Dunwald-Wagner (D-W) 
K · 10

-2
 3.1012 3.265 

R
2
 0.754 0.769 

Homogenous Solid 

Diffusion Model (HSDM) 

Ds · 10
-11 

3.47 3.59 

R
2
 0.744 0.760 
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data fitted using the W-M, D-W, and HSDM models show that intra-particle diffusion is a 

rate-controlling process. Finally, the obtained results showed that the prepared bio-based 

MHB-TA membrane represent a good candidate to be considered for application in a real 

system for the water purification process.  
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Abstract  

One of the most important environmental problems that need to be adressed is wastewater 

contamination. Numerous reserarches have focused on solving the aforementioned problem by 

applying immobilized enzymes. When horseradish peroxidase, the most commonly used enzyme, is 

immobilized by one of many available methods on a suitable support, a biocatalyst with improved 

properties in terms of increased stability and reusability, is obtained. Dispersion polymerization was 

used for the synthesis of macroporous poly(GMA-co-EGDMA) copolymers with different pore size 

diameters. Prior to immobilization of HRP onto these carriers, their amination with ethylenediamine 

was performed. Periodate method was applied for the formation of covalent bond between the enzyme 

and used copolymer. Increase in specific activity of immobilized peroxidase was noticed. The 

copolymer with the pore size diameter of 297 nm showed the highest activity. 

Keywords: peroxidase, macroporous copolymer, periodate, immobilization. 

 

INTRODUCTION 

Continuous industrialization and urbanization lead to the appearance of new and 

increasement of already existing environmental problems. Unfortunately, different forms of 

pollution have the greatest impact on water courses worldwide.  

Removal of phenol and phenolic compounds [1,2] and decolorization of textile dyes [3] 

from waste streams are two greatest environmental problems the broad scientific community 

is aiming to address.  

Wide range of enzymes immobilized on various carriers are frequently used for these 

purposes. By attaching the enzyme to a solid support, its increased stability was first noticed, 

and as a result good reusability and recovery also stood out [4]. Among widely available plant 

enzymes, horseradish peroxidase (HRP) occupied a special place and became one of the most 

commonly used peroxidases for these purposes [1]. Many methods can be applied for its 

immobilization, and just some of them are: adsorption, covalent binding, cross-linking and 
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entrapment. Strong linkage between the enzyme and carrier is achieved by applying one of the 

most used methods, covalent binding. This prevents enzyme leakage from carrier’s surface, 

but at the same time increases the enzyme stability and improves its stereospecificity [5]. 

Natural polymers such as alginate, pectin, chitosan, magnetic-beads [1,2,6–8], 

polyacrylamide gels [9] and silica [10] are just some of the carriers that can be used for 

immobilization. However, synthetic polymers can be placed at the very top of a long list of 

different supports. By carefully choosing the reaction parameters their properties can easily be 

tailored during the synthesis process. Macroporous copolymers composed of glycidyl 

methacrylate (GMA) and ethylene glycol dimethacrylate (EGDMA) can be applied for 

enzyme immobilization [11]. These polymers have an allyl glycidyl (epoxide) groups that can 

be easily transformed into amino, keto, carboxyl or hydroxyl groups, thus facilitating the 

interaction with enzymes. One of the most important parameters that directly affects the 

activity and stability of immobilized enzyme is the porosity of macroporous carriers. It is, 

therefore, of utmost importance to control parameters that affect it. This will ultimately result 

in carriers with satisfactory properties that can be further applied in immobilization reactions, 

and subsequently in phenolic compounds removal.  

    

MATERIALS AND METHODS 

Materials 

Chemicals used for copolymer synthesis and immobilization: glycidyl methacrylate 

(GMA), ethylene glycol dimethacrylate (EGDMA), 1-dodecanol, cyclohexanol, horseradish 

peroxidase (150–250 U/mg), pyrogallol used as a substrate for peroxidase oxidation reaction, 

and sodium periodate, were purchased from Sigma Aldrich (St. Louise, Mo, USA). 

Ethylenediamine, used for amination of copolymer samples, was obtained from Merck 

(Kenilworth, New Jersey, USA), while hydrogen peroxide was purchased from AppliChem 

GmbH (Darmstadt, Germany).   

Copolymer Preparation and Amination 

A continuous phase consisting of 2.78 wt% PVP (Mw=24 000 g/mol) in ethanol was 

heated to 70°C. A monomer phase (5.0 g of both the monomer GMA and cross-linking agent 

EGDMA (GMA/EGDMA = 60/40)), initiator (0.05 g of AIBN) and inert phase (2.25 g of     

1-dodecanol and 2.25 g of cyclohexanol) was added to the continuous phase and stirred for 6 

h. Ethanol was used for the rinsing of obtained copolymer (5 times), which was afterwards 

dried at room temperature. Epoxide groups presented on the surface of copolymer samples 

were aminated with ethylenediamine, washed first with ethanol and subsequently with water 

until the pH value of the filtrate was 6. The samples were dried in the oven at 50°C. 

Concentration of amino groups was calculated by using acidic-basic titration reaction.  

Copolymer Characterization 

The pore size distributions of the synthetized copolymers poly(GMA-co-EGDMA) were 

determined by a mercury porosimetry (Carlo Erba 2000, software Milestone 200). Scanning 

electron microscope (Tescan FE-SEM Mira 3 XMU) was employed to characterize the 

morphology of poly(GMA-co-EGDMA). 



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

377 

 

Horseradish Peroxidase Immobilization by Periodate Method 

For the oxidation of horseradish peroxidase sodium periodate solution (50 mmol/L) in 

sodium acetate buffer pH 5 was used. Oxidized HRP was dialyzed overnight against sodium 

acetate buffer pH 5. In order for better interaction between enzyme and aminated copolymer, 

particles were first deaerated in sodium phosphate buffer pH 7 (0.1 mol/L), rinsed with the 

same buffer and subsequently, incubated with different amounts of oxidized HRP (1, 5, 15 

and 25 mg/g) for 48 h. Sodium phosphate buffer pH 7 (0.1 mol/L) was used for the rinsing of 

copolymers with immobilized enzyme, which were, afterwards, stored in the same buffer at 

4°C until further use.  

Enzyme Activity Studies 

Pyrogallol and hydrogen peroxide (H2O2) were used as substrates for the determination of 

peroxidase activity. In the most common assay, 10 µL of the enzyme dilution from the 

washings and 10 µL of H2O2 (9.7 mmol/L) were introduced into 1 mL of the pyrogallol 

solution (13 mmol/L) in sodium phosphate buffer pH 7. Absorbance was measured for 3 min 

at 420 nm using UV–VIS spectrophotometer (Shimadzu Corporation UV-2501PC, Japan). 

Nine mg of the copolymer with immobilized HRP and 30 µL of H2O2 were introduced into    

3 mL of pyrogallol for measurements of immobilized peroxidase activity. Every 60 s aliquots 

were taken out from the mixture, filtrated and the absorbance at 420 nm was measured. One 

unit of enzyme activity was defined as the amount of enzyme that produces 1 mg of 

purpurogallin in 20 s at 20°C. 

 

RESULTS AND DISCUSSION 

Macroporous poly(GMA-co-EGDMA) copolymers were synthesized by dispersion 

polymerization reaction which, unlike the frequently used suspension polymerization, leads to 

the formation of smaller spherical particles (around 1.5 nm in diameter) (Figure 1). 

 

 
Figure 1 SEM image of poly(GMA-co-EGDMA) prepared by dispersion polymerization 

  

Polymers with different average pore size diameters (ZP2, ZP5 and ZP12; 460, 297 and 

235 nm) were subjected to amination prior to immobilization reaction. Epoxide groups on the 

surface of each copolymer was treated with ethylenediamine, which lead to the introduction 

of amino groups and thus easier immobilization. Concentrations of introduced amino groups 

were calculated and presented (Figure 2).  
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Figure 2 Concentrations of introduced amino groups on the copolymer samples 

 

Periodate method was used for the immobilization of horseradish peroxidase (HPR). This 

method leads to the oxidation of multiple carbohydrate moiety on the enzyme, by forming 

aldehyde groups with higher potential of interaction with macroporous copolymer.   

Covalent binding of enzyme to the copolymer surface through carbohydrate moiety is 

schematically presented in Figure 3.  

 

 
Figure 3 Schematic presentation of periodate method for enzyme immobilization 

 

When different amounts of HRP were introduced during immobilization and added per 

gram of copolymer (1, 5, 15 and 25 mg/g), increase in specific activity of immobilized 

enzyme can be observed (Figure 4). 

For each of the copolymer samples used, the rule of increasing specific activity with the 

amount od added enzyme per gram applies. However, if you look at the values of only one 

enzyme concentration (e.g. 25 mg/g) for all copolymers, it can be seen that the polymer labled 

as ZP5 with the pore size diameter of 297 nm, stands out (Figure 5). 
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Figure 4 Effect of the amount of added enzyme on the specific activity of immobilized horseradish 

peroxidase 

 

 
Figure 5 Specific activities of copolymers with different pore size diameters 

 

Enzyme immobilized on ZP5 copolymer (with pore size diameter of 297 nm) showed 

specific activity of 4.42 U/g, which is almost two times higher than specific activity of 

enzymes immobilized on two other copolymer samples (ZP2 and ZP12). From everything 

presented, the connection between the amount of amino groups on the copolymer with pore 

size diameter of 297 nm and the specific activity can be observed. The greater the amount of 

amino groups on the surface of the polymer is, the greater is the activity of the enzyme 

immobilized on it.  

Horseradish peroxidase immobilized onto novel macroporous poly(GMA-co-EGDMA) 

copolymers with different surface characteristics could be applied for the removal of phenol 

and phenolic compounds from waste effluents.  
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CONCLUSION 

Dispersion polymerization was used for the synthesis of macroporous copolymers of 

glycidyl methacrylate (GMA) and ethylene ethylene glycol dimethacrylate (EGDMA). By 

involving covalent binding for the immobilization of horseradish peroxidase, periodate 

method was applied. Increasing the amount of immobilized HRP per gram of the copolymer 

leads to increasement in specific activity. Copolymer with the pore size diameter of 297 nm 

showed the most promising results. Obtained biocatalyst can be successfully applied in 

phenol removal studies.  
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Abstract  

Photo-Fenton oxidation of Atenolol was carried out using iron(III) impregnated on activated wood 

sawdust as a heterogeneous catalyst. The catalyst was prepared by the wet impregnation method and 

characterized. The effectiveness of this catalyst in the degradation of the pharmaceutical, as well as 

the influence of reaction parameters on the catalytic activity, was discussed. The effects of pH, the 

initial hydrogen peroxide concentration and the catalyst loading on the oxidative degradation of 

Atenolol have been assessed. The best degradation efficiency (99.71%) was obtained at                 

temperature = 25ºC, pH=3, [H2O2]0=10 mM, catalyst loading = 0.5 g/dm
3
 for initial Atenolol 

concentration of 10 mg/dm
3
. 

Keywords: AOPs, photo-Fenton, heterogeneous catalyst, wood sawdust, pharmaceuticals, 

Atenolol. 

 

INTRODUCTION 

The past two decades have witnessed extensive scientific and public attention towards the 

presence of pharmaceuticals in the environment, as one of the most important groups of 

aquatic emerging contaminants (ECs) [1]. Global population growth and urbanization lead to 

a rise in resource consumption and chemical use, including pharmaceuticals [2]. 

Pharmaceuticals are continuously entering the environment and show negative impacts due to 

their persistence and adverse effects on aquatic organisms [3]. 

The failure of conventional methods to remove pharmaceuticals demonstrates the urgent 

need to develop suitable innovative technologies for the treatment of hospital effluents and 

urban wastewater in order to effectively deal with these compounds and minimize undesirable 

effects in the environment [4,5]. Therefore, advanced oxidation processes (AOPs) have been 

suggested as tertiary treatment in effluent wastewaters due to their versatility and ability to 

remove pollutants that are known to be non-biodegradable or have low biodegradability, 

persistence and possess high chemical stability [4]. AOPs are considered environmental-

friendly methods and are based on physicochemical processes that induce decomposition, 

simplification of the chemical structure of the organic molecules and finally mineralization. 

These processes involve the generation of reactive transient species such as the hydroxyl 

(HO
•
), superoxide (O2

•−
), hydroperoxyl (HO2

•
) alkoxyl (RO

•
), sulfate (SO4

•−
) and chlorine 
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(Cl
•
) radicals (depending on the catalyst or the oxidant used), with the HO

•
 having attracted 

the most attention [4]. Hydroxy radicals (HO
•
) are usually generated from reactions involving 

oxidants such as hydrogen peroxide, ozone or catalysts including metal ions and 

semiconductors under UV–vis irradiation or other sources of energy [5]. These species 

present high oxidation potential with a non-selective nature and high reaction rate, achieving 

the complete mineralization of the pollutants to CO2, water, and mineral acids or under 

selected conditions, transforming them into more biodegradable molecules. Different AOP 

methods include heterogeneous and homogenous photocatalysis, depending on the catalyst 

phase.  

In view of the above, the objectives of this study were to evaluate the effectiveness of the 

oxidative degradation and mineralization of Atenolol in aqueous solutions using wood 

sawdust, as a catalytic material in a modified heterogeneous Fenton process, and to evaluate 

the influence of operative conditions on pharmaceuticals degradation. 

 

MATERIALS AND METHODS 

Reagents 

Atenolol was obtained from Sigma-Aldrich (USA) and used without any purification. The 

hydrogen peroxide (H2O2) solution (30.0%), Fe(NO3)3∙9H2O were of analytical grade and 

purchased from Merck (Germany).  

Catalyst preparation 

As the basic lignocellulose raw material for obtaining the catalyst, wood sawdust was used, 

which was taken from the local furniture industry. The catalyst was prepared by impregnating 

the metal on activated wood sawdust. A certain amount of material was added to an aqueous 

solution of Fe(NO3)3∙9H2O with stirring and maintaining the temperature at 100ºC until the 

water evaporated. After washing the material with deionized water and drying at 100 degrees, 

the material used in the experiments was obtained and named wood sawdust-iron catalyst 

(WS-Fe). 

Photoreactor 

Photochemical experiments were carried out in a batch photoreactor handmade in our 

laboratory. The UV lamps were turned on 10 min before performing each experiment. The 

intensity of UV radiation was measured by UV radiometer Solarmeter model 8.0 UVC 

(Solartech, USA). The total UV intensity was controlled by turning on different numbers of 

UV lamps and the maximum intensity was 1950 μW cm
–2

 (with all ten UV lamps on) at a 

distance of 220 mm, from the working solution surface.  

Procedures 

A stock solution of Atenolol was made by dissolving 0.5 g pharmaceutical in 1000.0 cm
3
 

of deionized water. Working solutions were prepared freshly, before irradiation, by diluting 

the stock to the desired concentration with deionized water. The pH of solutions was adjusted 

by the addition of NaOH and HNO3 (0.1/0.01 mol dm
–3

) with a pH/ISE meter (Orion Star 

A214, Thermo Scientific, USA). The suspensions of Atenolol and WS-Fe were magnetically 
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stirred in the dark for 30 min to attain adsorption-desorption equilibrium, and then the 

solutions were treated in the UV reactor. 

During irradiation, the solution was magnetically stirred (Are, Velp Scientifica, Italy) at a 

constant rate and temperature was maintained at 25±0.5ºC by thermostating. At required time 

intervals, 4.0 cm
3
 of samples were withdrawn, centrifuged (3000 o min

–1
, 15 min) and filtered 

through a 0.20 μm regenerated cellulose membrane filter (Agilent Technologies, Germany) to 

separate the catalyst. Absorbance was measured using a UV-vis spectrophotometer Shimadzu 

UV-1800 PC (Shimadzu, Japan) to determine the degree of degradation. To ensure the 

accuracy, reliability, and reproducibility of the collected data, all experiments were carried out 

in triplicate, and mean values were recorded. OriginPro 2016 (OriginLab Corporation) 

software was used for statistical analysis and calculation of the data. 

 

RESULTS AND DISCUSSION 

Effect of hydrogen peroxide concentration 

The effect of H2O2 concentration was investigated in an H2O2 concentration range between 

1 and 100 mM; while keeping the temperature, the catalyst loading and pH constant at           

25±0.5ºC, 0.5 g/dm
3
 and 3, respectively. In addition to these, an experimental set without the 

addition of H2O2 was performed. The results obtained are presented graphically in Figure 1. 

At very low concentrations of H2O2 in the solution, approximately no degradation was 

observed. At higher concentrations (10–50 mM), the degradation efficiency was high. The 

increase in the degradation was due to the increase in hydroxyl radical concentration by the 

addition of H2O2. However, there was no considerable effect in using a concentration of 10, 

30 or 50 mM. At very high concentrations (100 mM), because H2O2 generates enough 
•
OH 

radicals, the degradation proceeded very fast. The results indicate that the degradation 

efficiency and rates increase with increasing H2O2 concentration. Even though H2O2 plays an 

important role, it is recommended to select an optimum H2O2 concentration due to the 

environmental aspects and the cost of H2O2 [6]. 

 

 
Figure 1 Effect of H2O2 concentration on degradation;                                                                          

Reaction conditions: catalyst loading = 0.5 g/dm
3
, temperature = 25ºC, pH=3 
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The reason for being an optimum value can be explained as follows: At moderate 

concentrations, the 
•
OH radicals attack the molecules, whereas at high H2O2 concentrations, 

the scavenging of 
•
OH radicals may occur and hence the degradation may decrease [6]. 

Therefore, for the effective degradation, 10 mM of H2O2 concentration was selected as an 

optimum concentration. 

Effect of catalyst loading 

In order to clarify the role of catalyst loading on the degradation of Atenolol by photo-

Fenton oxidation, a series of experiments were performed with different catalyst loading 

values from 0.1 to 2 g/dm
3
 at the fixed concentration of H2O2, the temperature and pH at       

10 mM, 25±0.5ºC and 3, respectively. Figure 2 shows the effect of catalyst loading on the 

degradation. The results indicated that the degradation of the Atenolol is remarkably 

dependent on the catalyst loading parameter.  

The low loading value (0.1 g/dm
3
) had a minor effect on degradation efficiency. Generally, 

it can be concluded that degradation efficiency and the initial rate increase with increasing 

catalyst loading but approach a plateau at higher values. In other words, increasing the 

catalyst loading above 0.5 g/dm
3
 did not have a considerable effect. Moreover, many studies 

have revealed that the use of high catalyst loading (Fe
2+

 concentrations) favours the formation 

of the 
•
OH radicals, but too high a concentration will consume part of the 

•
OH radicals (could 

lead to the self-scavenging of 
•
OH radical by Fe

2+)
 and thus decreases the dye degradation rate 

[7]. Hence, 0.5 g/dm
3
 catalyst loading was determined to be the optimum value. 

 

 
Figure 2 Effect of catalyst loading on degradation;                                                                      

Reaction conditions: [H2O2]=10 mM, temperature = 25ºC, pH=3 

 

Effect of initial pH 

To investigate the effect of initial pH, solutions of Atenolol were treated at various initial 

pHs (3, 4, 5, 7 and 10) at constant concentrations of H2O2, the temperature and catalyst 

loading at 10 mM, 25±0.5ºC and 0.5 g/dm
3
, respectively. The results in Figure 3 indicate that 

the degradation efficiency at the constant operating conditions under both alkaline and weakly 

acidic conditions were very similar and appeared to be independent of the initial pH. On the 



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

385 

 

other hand, under strongly acidic conditions (pH=3) there was high degradation. This result is 

in agreement with previous studies in the literature [8]. Above the optimum pH value, there 

may be a possible decomposition of H2O2 into water and oxygen and also the possible 

deactivation of the catalyst with the formation of the other complexes leading to a reduction 

of 
•
OH radicals [9]. 

 

 
Figure 3 Effect of initial pH on degradation;                                                                                

Reaction conditions: [H2O2]=10 mM, catalyst loading = 0.5 g/dm
3
, temperature = 25ºC 

 

CONCLUSION 

The degradation of reactive Atenolol in aqueous solutions by photo-Fenton oxidation using 

a wood sawdust-based catalyst (iron(III) impregnated) has been studied. Based on the results 

the following conclusions can be drawn: 

The results showed that with a heterogeneous photo-Fenton process, 99.71% degradation 

can be achieved at the optimized conditions for Atenolol, which are 10 mM H2O2, pH=3,    

25±0.5ºC, 0.5 g/dm
3
 catalyst loading and 15 min reaction time. 

Generally, it can be concluded that the experimental data demonstrated that the photo-

Fenton process is a promising technique for the degradation of Atenolol from aqueous 

solution. 
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Abstract  

The application of advanced oxidation processes in water and wastewater treatment has gained 

interest over the last decade. The degradation kinetics and mechanisms of the textile dye Reactive 

Orange 4 by advanced oxidation processes based on generation of hydroxyl radicals were 

investigated. The hydroxyl radicals were generated by UV photolysis of hydrogen peroxide. The 

effects of the initial pH of the solution, the concentration of the textile dye and the dosage of the 

oxidising agent were investigated. The results show that neutral conditions were favourable for the 

degradation of the investigated textile dye. An increase in the oxidising agent dosage or a reduction in 

the pollutant concentration was able to improve the degradation of the textile dye Reactive Orange 4. 

Keywords: hydroxyl radicals, wastewater treatment, irradiation. 

 

INTRODUCTION 

The textile industry produces large quantities of liquid waste containing organic and 

inorganic compounds. During the dyeing processes, not all the dyes that are applied to the 

textiles are fixed to them, and there is always some of dyes that do not remain fixed to the 

textiles and are washed out. These unfixed dyes are found in high concentrations in textile 

wastewater [1]. The different types of synthetic dyes used in the textile industry are 

categorised into acid, base, direct, azo, disperse, sulphur and vat dyes [2]. Among these types 

of dyes, azo dyes are the most widely produced and used worldwide. These organic pollutants 

can interfere with photosynthesis, inhibit the growth of aquatic organisms, and pose a 

significant health risk to the skin, eyes, gastrointestinal tract, and respiratory tract of humans 

[3]. Consequently, dye-containing wastewater discharged into the environment without proper 

treatment can have a significant negative impact on both aquatic ecosystems and human 

health. Furthermore, due to their complex structures, dyes are generally resistant to light, 

aerobic digestion, and other conventional treatment processes [3]. 

In recent years, the use of advanced oxidation processes (AOPs) has become increasingly 

important in wastewater treatment. Advanced oxidation processes include a range of methods 

such as ozonation, photocatalysis, electrochemical oxidation, Fenton, and Fenton-like 

processes. Although these processes use different reaction systems, they are all characterised 

by a similar chemical feature, namely the use of highly reactive oxidants such as hydroxyl 

radicals (HO
•
) with a redox potential of 2.80 V [4]. These methods are successfully used to 
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remove and degrade organic pollutants, such as pharmaceuticals, pesticides, hormones, UV 

filters, surfactants, and textile dyes [5]. The most advanced and modern developments in 

water treatment technologies relate to the oxidation of organic components that are difficult to 

break down. The application of advanced oxidation processes produces highly reactive free 

radicals that can break down the most difficult molecules into small, biodegradable species or 

into inorganic compounds such as CO2 and water. 

Photolysis of hydrogen peroxide by ultraviolet light is one of the most effective AOPs. 

This process involves the homolytic cleavage of H2O2 into hydroxide radicals using 

ultraviolet radiation (reaction 1). Hydrogen peroxide is a flexible oxidant that is powerful over 

the entire pH range (0–14) with high oxidation potential (E0=1.763 V at pH=0, E0=0.878 V at 

pH=14). 

 

H2O2 + hυ → 2HO
•
                                                                                                              (1) 

 

The mode of action of generated hydroxyl radicals on organic molecules is dependent on 

the nature and properties of the respective molecule. To generalise, there are three probable 

mechanisms of action associated with the activities of hydroxyl radicals: a reaction in which 

hydrogen is removed; a reaction in which an electron is transferred; and a reaction in which 

electrophilic material is added [6]. 

In the present research, the oxidation efficiency of the UV-activated hydrogen peroxide 

process for removal Reactive Orange 4 dye was investigated. This study systematically 

explored the effects of different crucial parameters on textile removal kinetics of textile dye 

Reactive Orange 4. 

 

MATERIALS AND METHODS 

Chemicals 

Textile dye Reactive Orange 4 (RO 4, dye content about 50%) was purchased from Sigma-

Aldrich (St. Louis, MO, USA) and used without further purification. The hydrogen peroxide 

solution (30%), analytical grade, was purchased from Merck (Germany). All other used 

chemicals were analytical grade and supplied from Merck (Germany). All solutions were 

prepared with ultrapure water from the Smart2Pure system with a conductivity of 0.055 µSm
-1 

(Thermo Scientific, USA).  

Irradiation experiment 

The degradation experiments were carried out in a laboratory-scale batch photoreactor 

equipped with ten low-pressure mercury lamps (Philips, Holland) emitting at 253.7 nm and 

mounted in parallel on the top of the photoreactor. The distance between the surface of the 

solution and the UV lamps was kept constant at 220 mm. The light intensity on the surface of 

the solution was measured with a UV radiometer Solarmeter model 8.0 UVC (Solartech, 

USA). The schematic of the photoreactor used for the irradiation experiments can be found 

elsewhere [7]. 
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Procedures 

All experiments were performed with 100 cm
3
 working solution, with the desired initial 

peroxide (10, 20, 40, 80 and 100 mmol dm
-3

) and textile dye concentration (50 mg/dm
3
) and 

at the corresponding pH values (2.0, 3.0, 7.0, 9.0 and 10.0) in glass Petri dishes. Samples 

were taken at specific time intervals (0, 1, 2, 4, 6, 10 and 15 minutes) and the residual 

concentration of RO 4 dye was determined by means of UV/Vis spectrophotometry. The 

efficiency of degradation was defined by the following equation (2): 

 

                   ( )   (  
  

  
)                                                                                       (2) 

 

where c0 is the initial RO 4 concentration, ct is RO 4 concentration at irradiation time t. 

The pseudo-first-order kinetic model, which can be described by equation (3), was used to 

follow the kinetics of the disappearance of textile dye RO 4. 

 

  
  

  
                                                                                                                                 (3) 

 

where c0 is the initial RO 4 dye concentration, ct is RO 4 dye concentration at time t, kapp is 

the apparent rate constant, t is the irradiation time. From the linear plot of ln(ct/c0) versus 

time, the values of kapp can be calculated from experimentally obtained data. The values of R
2
 

are greater than 0.9 in most experiments, indicating that the model used is in good agreement 

with the laboratory data. All tests were performed in triplicate and the average of the three 

values is shown with standard deviation error bars. 

 

RESULTS AND DISCUSSION 

The first experiments were carried out only in the presence of hydrogen peroxide, only 

under UV irradiation and with a combination of oxidising agent and UV light. The results 

shown in Figure 1a indicated that the initial dye concentration did not change with UV 

irradiation only, probably because the RO 4 dye is stable in aqueous solution under direct 

UV-C photolysis. The presence of hydrogen peroxide only also did not have impact on 

removal of the RO 4 dye, while application of hydrogen peroxide in combination with UV 

irradiation lead to the drastic reduction of dye concentration.   

The changes in the UV/Vis absorption spectra of the RO 4 dye during UV/H2O2 treatment 

are shown in Figure 1b. The peak observed in the visible region corresponds to the orange 

colour, while the peaks observed in the UV region are due to the aromatic structure of the 

dye. It is evident that the intensity of a peak in the visible region of the spectrum decreased as 

the irradiation time increased and disappeared completely after 15 minutes of treatment. At 

the same time, the decrease in the intensity of a peak in the ultraviolet region of the spectrum 

was taken as evidence of the degradation of the aromatic part of the dye. It was found that 

under UV-activated hydrogen peroxide, both colour removal and a certain degree of 

degradation of RO 4 molecules was achieved. 
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a) b) 

  
Figure 1 a) RO 4 residual dye concentrations after treatment with UV irradiation, H2O2 and 

UV/H2O2; b) UV/Visible spectral changes during UV/H2O2 treatment of RO 4 dye.                         

c0(RO 4)=50 mg dm
-3

, c0(H2O2)=20.0 mmol dm
-3

, pH 7 ± 0.5, UV light intensity = 1950 μW cm
–2

, 

temperature = 25±0.5ºC. 

 

The efficiency of RO 4 dye removal by UV/H2O2 at different concentration of oxidants 

was illustrated in Figure 2, where the removal efficiencies were increased with increase of 

oxidants concentration due to the formation of 
•
OH. The reaction rate has been greatly 

increased with the addition of H2O2 due to the formation of 
•
OH under UV irradiation 

(reaction 1). Experimentally obtained reaction rate constant were 0.127, 0.287, 0.36, 0.324, 

0.252 min
-1

 for initial oxidant concentrations 10, 20, 40, 80 and 100 mmol dm
-3

, respectively. 

The reaction rate constant increase with increasing in oxidant concentration up to                  

40 mmol dm
-3

, while with further increase in oxidant concentration, removal rate of the 

investigated dye slightly decreases. This phenomenon is probably associated with scavenging 

effect of high doses of hydrogen peroxide [8].  

 

a) b) 

  
Figure 2 The influence of different initial oxidant concentration on: a) removal efficiency of                 

RO 4 dye; b) rate constant of RO 4 dye removal.  

c0(RO 4)=50 mg dm
-3

, pH 7 ± 0.5, UV light intensity = 1950 μW cm
–2

, temperature = 25±0.5ºC. 

 

The influence of initial solution pH ranging from 2.0 to 10.0 on RO 4 dye degradation in 

UV/H2O2 system was investigated (Figure 3a). For all pH conditions, the reaction follows 

pseudo-first-order kinetics (R
2
>0.98). The experimental rate constants kapp derived from the 
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slope of ln (c/c0) versus time were 0.221, 0.245, 0.287, 0.231 and 0.216 min
-1

 for pH 2, 3, 7, 9 

and 10, respectively. The best performances of investigated process were achieved at neutral 

conditions, while kapp values decreased slightly at basic and acidic conditions. The inhibition 

of degradation at higher pH values can be the result of several reasons: the reduction of 

oxidation power of HO
•
 at this pHs, the scavenging of HO

•
 by OH

-
 ions is also expressive 

under basic conditions, and H2O2 self-decomposition is high at high pH values [9].  

The investigation of the influence of the initial RO 4 dye loading in the reaction system is 

illustrated in Figure 3b. Experimental results exhibited an increasing difficulty in the 

degradation of the investigated dye as its initial concentration increased. According to     

Figure 3b, the fastest elimination of RO 4 dye was for the case where the initial concentration 

was 20 mg dm
-3

 with a reaction rate constant of 0.33 min 
-1

. The removal rate constants 

decreased with further increasing in initial dye concentration and reached values 0.291, 0.271, 

0.255, 0.231 min
-1

 for initial dye concentrations 40, 60, 80 and 100 mg dm
-3

, respectively. 

This behavior was expected since similar trends have been reported as common phenomena 

for various AOPs [10]. 

 

a) b) 

  
Figure 3 a) The influence of different initial pH on the removal efficiency of RO 4 dye;                       

b) The influence of different initial RO 4 concentration on its degradation.                                             

c0(RO 4)=50 mg dm
-3

, c0(H2O2)=20.0 mmol dm
-3

, pH 7 ± 0.5, UV light intensity = 1950 μW cm
–2

, 

temperature = 25±0.5ºC. 

 

CONCLUSION 

The present work investigated the degradation of textile azo dye RO 4 by activated 

hydrogen peroxide with UV-C irradiation. Various parameters were studied to evaluate their 

impact on process efficiency. The studied system achieved the elimination of 50 mg dm
-3

 of 

RO 4 dye in 15 min using 20 mmol dm
-3

 of hydrogen peroxide. The RO 4 removal followed 

pseudo-first-order kinetics under all investigated conditions. Increasing in oxidant 

concentration significantly accelerated RO 4 degradation. Retarding phenomena were 

observed for increased RO 4 loading as well as at alkaline and acidic conditions. 
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Abstract 

Soil erosion is one of the highly significant forms of the soil degradation in Serbia. In this sense, this 

paper may help consider better the erosion process exhibited to a greater or lesser extent on all the 

soil types with a slope more than 1%, which denotes to the necessity of taking anti-erosion measures 

towards protecting the soil as a nonrenewable natural resource.  Due to a range of natural factors 

and human impact on the erosion process in the part of the Western Serbia as well as based on the 

overall condition of the torrent catchment Tomʼs Brook, the soil loss due to erosion could be predicted 

through Erosion Potential Model (EPM). As regards the torrential flow type, Tomʼs Brook is a 

landslide (E), with annual mean amount of erosion drift (Wyear) from 539.11 m
3 

year
–1

. The specific 

annual amount of total erosion deposit (Gyear sp
–1

) reaching the confluence point of Tomʼs Brook from 

the right-hand side into the river Tinja (the left tributary of the river Kamenica within the Western 

Morava basin in the Western Serbia) amounted to 120.92 m
3
 km

–2
 year

–1
.  

Keywords: soil losses to erosion, catchment, erosion factors, erosion potential method   

(EPM). 

 

INTRODUCTION 

The water soil erosion of various intensity conditioned by natural and antropogenous 

factors, is widespread in the whole world. Global climatic changes have shown that both, the 

time and the amount of precipitations have become lasting and disturbed, which means that 

even the coventional foresting technologies use will prove to be additionally ineffective [1]. 

Thus, soil erosion imposes a huge problem worldwide affecting the soil productivity, causing 

nutritional matters loss from the soil, mudding within the catchment and water quality 

deterioration [2]. 

Compared to geomorphological and climatic characteristics of the territory of Serbia, the 

most widespread is pluvial erosion accounting for 86% of the entire area, of which 90% 

accounts for the eroded soil of Central Serbia [3]. 
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Understanding the soil erosion driving forces may detect the areas prone to erosion within 

the landscape, help soil management and other strategies to be used for efficient problem 

handling, with the most commonly used soil erosion model being the Universal Soil Loss 

Equation (USLE) as well as its modelfamily [2]. Accordingly, we believe that it would be 

important to have knowledge based on the multiple soil erosion models, rather than rely only 

on the USLE–type ones. Hence, the Erosion Potential Model (EPM) accounting for other 

erosion processes (e.g. gully erosion or soil slumps) and not just for sheet and rill ones (e.g., 

USLE–type models) can be an interesting option to estimate the global and large-scale soil 

erosion rates especially because these processes can be important for the large-scale     

erosion-sediment balance [4].  

Protective measures modes against water soil erosion can be a significant mission, not only 

for the environmental conservation, but also for agricultural production capacities as a 

fundamental food source. The basic prerequisite for putting the protective measures to use is 

to study thoroughly and define accurately the catchment characteristics, being the goal of this 

paper.  

The extent to which the water erosion process is expressed due to different agents, and the 

amount of the sediment produced due to erosion under the natural conditions of the Kamenica 

catchment resource (the part of the Western Moravaʼs river basin), on the part of its left side 

tributary (Tinja), is presented for the catchment of Tomʼs Brook, flowing into Tinja from its 

right side. 

 

MATERIALS AND METHODS 

A group of methods, in the first place, a terrain analysis of the Tomʼs Brook entire 

catchment elements configuration, was utilized. The brookʼs natural characters were 

investigated using the mapping analysis records (hydrology, relief, geological substrate and 

soil). The maps scales were, as follows: topographic (1:25,000) (Figure 1) [5], geological    

(1:500,000) [6] and pedological map (1:50,000) [7]. Interpolation was used to determine how 

natural agents, climatic elements, rainfalls and air temperatures [8] affected erosion [9,10]. In 

addition, the erosion classification modules, according to which, the torrent classification was 

also made, were utilized, whereas the mean annual sediment amounts reaching the confluence 

point of Tomʼs Brook into the Tinja were calculated through the erosion potential module 

(EPM) [11]. 

 

RESULTS AND DISCUSSION 

Within the Kamenica torrent land catchment, on the slopes of the Mountain Maljenʼs 

southern part, Tomʼs Brook, springing in the Great Field (718 m of altitude), flows into the 

Tinja from the right side (the left tributary of the first order of the river Kamenica), into its 

middle part, being of a mildly winding course, with a narrow valley near the village 

Kneževići (624 m of the altitude; 44°3ʼ39” N; 20°6ʼ8” E), the settlements of Bogdanica, 

Gornji Milanovac, Moravički District (Figure1). 
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Figure 1 Tomʼs Brook catchment (mouth in the river Tinja) 

 

The Tomʼs brook basin area amounts to 1.07 km
2
, extent 5.50 km, length 2.12 km. The 

possibility of a sudden concentration of flood water reaching from the entire area depends on 

the basinʼs shape, which affects the development of the accelerated process of soil erosion in 

the basin, and the total amount of runoff water on the basin`s size. By their shape, the basins 

may be categorized into four types [12]. By its surficial shape, the Tomʼs brook catchment 

belongs to the type four (IV). This basinʼs shape is featured by a uniformly bifurcated 

hydrographic network through the upper, middle and lower course, meaning that the soil and 

geological substrate material are also uniformly taken away from the entire basin.  

Drift production from the Tomʼs Brook shares the entire annual substrate magnitude, both 

of the Tinja and the Kamenica. Thus, the whole substrate production of the Tomʼs Brook 

basin depends on the soil erosion natural factors and on the human influence if any. The 

extent to which the erosion natural factors exhibit their impact is conditioned by the basic 

catchment relief parameters, areal geological substrate, soil features, climate, and none the 

less by land cultures in which the humans play an essential part.  

The relief parameters of the Tomʼs Brook are shown in the Table 1. 

 

Table 1 The basic parameters of the Tomʼs Brook catchment relief  

Catchment Name: The Tom’s Brook  

The lowest point of the main watercourse and catchment (B), m 624 

The highest point of the main watercourse (C), m 766 

The highest point of the catchment (E), m 781 

Average slope of the main watercourse in the catchment (Ia), % 6.0 

Mean catchment altitude (Am), m 725.41 

Mean catchment altitudinal difference (D), m 101.41 

Mean catchment slope (Im), % 17.9 

Coefficient of catchment relief erosion energy (Er), m km
–1/2

 49.22 

 

The lowest point of the Tomʼs Brook (the confluence point into the Tinja) is at 624 m of 

altitude and the highest at 766 m of the altitude. The highest point of the Tomʼs Brook 

catchment is 781 m. The average riverbed slope of the major basin amounts to 6.0%. The 

mean basinʼs altitude (Am) amounts to 725.41 m with the mean catchment height difference 

(D) being 101.41 m. The Tomʼs Brook basin was found to have the mean slope (Im=17.9%). 
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The already mentioned values along with the relief parameters magnitudes were found to 

contribute to the relief erosion energy coefficient (Er) being 49.22 m km
-1/2

 (Table 1). 

The presence of a particular geological substrate is denoted by the soils of the areas formed 

on that substrate. Thus, the soils were formed within the Tomʼs Brook catchment basin on a 

serpentine of a poor water permeability spread on 1.07 km
2
, Table 2. Water permeability 

coefficient (S1) for the basin underway amounts to 1.00, due to which he humus silicate soil is 

present in the basin, with the profile of Ah–C type and prone to erosion (Table 2).  

The climatic elements are considered to be a significant factor imparting the soil erosion, 

with water runoff leading to it. The sum of the mean annual precipitations (P) of the Tomʼs 

Brook basin amounts to 804.3 mm and the mean annual air temperature of the area underway 

to 8.0°C. 

 

Table 2 Geological substrate of the Tomʼs Brook catchment, coefficient of water permeability (S1) and 

erosion resistance 

Catchment name: The Tomʼs Brook  km
2
 % 

Fppr – Poorly permeable rocks 1.07 100 

• Serpentine 1.07 100 

Coefficient of geological substrate water permeability (S1) 1.00 

Resistance of geological substrate to erosion Non-resistant 

 

The vegetation canopy coefficient (S2) depends on the presence of land cultures on the soil 

of the area considered. Through calculation, the canopy coefficient (S2) of the Tomʼs Brook 

catchment was found to amount to 0.80, which means that there are more bare earth grasses, 

i.e. pastures and devastated forests and bushes (84.11%), further the forests and bushes of a 

good pattern (6.54%), and meadows (3.74%), orchards (0.94%) with barren land with 4.67% 

(Table 3). Overall, this shows that the area of Tomʼs Brook basin is protected from the soil 

erosion from the aspect of land cultures.  

 

Table 3 The structure of the Tomʼs Brook catchment according to type of land use and vegetative 

cover coefficient (S2) 

Type of land use 
Surface area 

km
2
 % 

Ff Forests and coppice of good spacing 0.07 6.54 

 

Fg 

Orchards 0.01 0.94 

Meadows 0.04 3.74 

Pastures and devastated forests and coppices 0.90 84.11 

fg 0.95 88.79 

 

Fb 

Аrable land 0.00 0.00 

Infertile soil 0.05 4.67 

fb 0.05 4.67 

Vegetation cover coefficient (S2) 0.80 

 

The soil erosion coefficient value of the basin surveyed, pointed to the type of the 

prevalent erosion related to the particular erosion strength, i.e. to its destructiveness category. 
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The erosion coefficient (Z) of the Tomʼs Brook basin amounted to 0.35, inhering to the fourth 

(IV) destructiveness category, being of  a poor strength and of a deep type of erosion process.  

The established index of the hydrographic class (Hc) of the torrential flows, can further 

determine their types against the classes. Tomʼs Brook pertains to the class E, i.e. to the 

landslide  flows. 

So featured factors of the Tomʼs Brook, gave rise to the particular sediment amounts 

produced along with the particular erosion intensity exhibited. 

The erosion magnitude of the Tomʼs Brook catchment, is shown through the mean annual 

amount (produced) of the erosion process (Wyear) of 539.11 m
3
 year

-1
. 

The calculated mean annual volume of the total sediment (Gyear), reaching the mouth of the 

Tomʼs Brook into the river Tinja, amounted to 129.38 m
3
 year

-1
, with the specific annual 

amount of the entire erosion sediment reaching the mouth into the Tinja (Gyear sp
–1

), 

quantitatively expressed erosion intensity, amounting to 120.92 m
3
 km

-2
 year

-1
. 

Therefore, the given data clearly show that Tomʼs Brook catchment erosion caused 0.27 ha 

land area the power of up to 0.20 m to disappear annually, and the average catchment soil to 

disappear by 0.05 mm, annually, too.  

Given that the mean volume mass value is 1.5 g cm
-3

, 0.40 t ha
-1

 of the soil is lost annually. 

Although any soil loss of more than 1t ha
-1 

yr
-1

 can be considered to cause irreversible 

damages within the time span of 50–100 years, it is commonly accepted that agricultural soil 

can tolerate a certain amount of erosion, which typically ranges from 1 t ha
-1 

yr
-1

 on shallow 

sandy soils to 5 t ha
-1 

yr
-1

 on deeper soils [13]. 

 

CONCLUSION 

Based on the natural features of the Tomʼs Brook catchment, it may be inferred that the 

fundamental relief parameters are expressed, further, that geological substrate (serpentine) 

nonresistant to erosion, humus silicate soil prone to erosion favoured by the basic climatic 

elements (annual precipitation sums) and the mean air temperature, are exhibited, as well as 

the soil saturation by the existing vegetation. Therefore, such analysis suggests that the 

landslide Tomʼs Brook be featured as follows: IV class of destructiveness, with the erosion 

coefficient (Z) of 0.35, being of poor strength, deep type of erosion process. These and other 

factors of the basin erosion studied, contributed to the mean annual erosion sediment to 

amount to 129.38 m
3
 year

-1
, and erosion intensity to 120.92 m

3 
km

-2 
year

-1
. 
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Abstract  

When controlling tomato grey mould and late blight in dependance of irrigation rate, the experiment 

on fungicide efficiency was made in the greenhouses in 2022. The greenhouses are situated in the 

village of Batušinac, the municipality of Merošina (south-east Serbia) (43°26՚11” N 21°82՚28” E). 

Irrigation rates of 15 mm, 25 mm and 35 mm used for the greenhouse tomato were studied to find out 

the effect they had exhibited on grey mould and late blight onset intensity. Higher soil moisture at 25 

and 35 mm irrigation rates favoured late blight and grey mould, affecting the tomato plants more 

intensively than being using 15 mm rate.  Therefore, lower irrigation rates may efficiently be used as 

an integral measure of tomato protection from infestation intensity of Phytophthora infestans and 

Botrytis cinerea. 

Keywords: tomato, irrigation, grey mould, late blight.  

 

INTRODUCTION 

Considering that tomato is commercially significant, widespread and usable, no doubt that 

it ranks among the first vegetable cultures worldwide, particularly in the regions with more 

suitable soil and climatic conditions for their cultivation, to which Serbia belongs, too [1]. 

The basic task of watering is to provide sufficient moisture for the agricultural land, which 

enables normal plant nutrition and growth [1]. In irrigation practice, tensiometer is most 

commonly used to determine soil moisture. Numerous researchers have confirmed the 

efficiency of this method when determining irrigation dates of vegetable crops [2,3,4]. 

When growing tomato under the intensive growing conditions, a whole array of diseases 

may arise, with an outbreak of Phytophthora infestans causing late blight with potato and 

tomato everywhere in the world where these vegetable crops are grown [5]. This disease is 

assumed to be one of the most detrimental tomato diseases. It can badly and often utterly 

damage its plants under suitable growing conditions. Thus, due to the partly or totally 

destroyed the above-ground plant mass, which looks as if it were burnt by fire, the tomato 

yield may drastically drop [6].  
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Botrytis cinerea causes grey mould in plants, thereby inflicting serious damages to the 

production of more than 200 plant varieties, mostly dicotyledon ones [7]. The gravest 

damages are incurred to grapevine, vegetables, flowers and soft fruits [8,9]. Botrytis cinerea 

may cause huge losses in plants during vegetation, both in fields and greenhouses as well as 

in the earlier developmental stages of some host plants [10–12]. Thus, the stem rot around the 

wounds due to sepal breaking is most commonly observed in the tomato grown in plastic and 

greenhouses whereas the fruits rot accompanied by an extensive pathogen sporulation is 

mainly detected after the harvest [13]. 

In essence, the current study was aimed at finding out the way in which a watering rate 

may cause the outbreak intensity of late blight and grey mould in tomato under the natural 

infestation conditions as well as at establishing the efficiency level to which the chemicals 

were used to protect this vegetable from late blight and grey mould.  

 

MATERIALS AND METHODS 

When controlling tomato grey mould and late blight in dependence of watering rate, the 

experiment on fungicide efficiency was made in the greenhouses in 2022. The greenhouses 

are situated in the village of Batušinac, the municipality of Merošina (south-east Serbia) 

(43°26՚11” N 21°82՚28” E). 

Tomato was sown using the hybrid Amati F1 on the 20
th

 of January in the plastic 

containers placed in the warm garden bed. The transplants were picked in February, the 25
th

 

in the pots. Planting in a permanent place in the greenhouse was done on 23
rd

 of March, in the 

previously marked rows, covered with black polyethylene film, 0.05 mm thick, with irrigation 

strips placed underneath. Irrigation in the greenhouse was done using a drop-by-drop system. 

The effect of irrigation rates on the onset intensity of grey mould and late blight in tomato 

was studied with the three variants of irrigation rates being: 15 mm, 25 mm and 35 mm. The 

irrigation moment was determined by tensiometers. Irrigation started at pre-irrigation soil 

moisture of 30 kPa and stopped at the soil moisture potential of 10 kPa. 

The disease onset intensity and fungicide efficiency in controlling tomato late blight and 

grey rot, was monitored in 600 plants, of which 100 plants pertained to the control variant 

without chemical protection. The onset intensity of B. cinerea was assessed through the 

division into five classes from 0 to 4 [14], defined as follows: 

0 - healthy plants; 

1 - up to 25% diseased plants; 

2 - from 26% to 50% diseased plants; 

3 - from 51% to 75% diseased plants; 

4 - from 76% to 100% diseased plants. 

After the infestation intensity of B. cinerea had been classified, the disease index 

calculated by the formula of Mc Kinney supposed to indicate the mean value of the disease 

attacking a particular area (Equation 1), 

 

  
 (n  )

N  
 1                                                                                                                         (1) 
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was put forth: I – disease index in %, n – plant number within a category, k – number of 

single categories, N – total plant number and, K – total number of the categories. 

Observations for measuring the intensity of Phytophthora infestans attacks were carried 

out by a scoring system 1–9 [15] in Table 1. 

The efficiency of fungicides (Table 2) was calculated using the formula of Abbott 

(Equation 2) being, 

 

E 
 - 

 
 1                                                                                                                            (2) 

 

was put forth: E – efficiency of the fungicide studied, C – plant number on the untreated 

variant and, T – plant number on the treated variant. 

 

Table 1 Scoring intensity of Phytophthora infestans attacks 

Score 

Percentage 

of leaves 

attacked 

Description 

0 0 No symptoms of an attack 

1 <10 Attack spots are less than 10% in leaves 

2 11–25 Spots of damage began to appear and reached 25% 

3 26–40 Spots of damage to all leaves reach 40% but the plants are still green 

4 41–60 Maximum damage has reached 60% 

5 61–70 Maximum damage has reached 70% and the plants changed colour into brown 

6 71–80 
Maximum damage has reached 80%, the base of the stem and shoots are attacked 

and the symptoms of wither and death 

7 81–90 Maximum damage reaches 90%, the green part is only the top of the leaf 

8 >90 The green area is low 

9 100 There are no more green leaves, the damage is complete 

 

Table 2 Overview of the fungicides tested 

Fungicide Formulation Active substance Dose 

Nordox 75   WG Copper oxide 2 kg/ha 

Antracol  70 WP Propineb 2.5 kg/ha 

Quadris SC Azoksistrobin 0.75 L/ha 

FolioGold 537.5 SC Metalaksil-m (37.5 g/L) + Hlorotalonil (500 g/L) 2.5–3 L/ha 

Switch 62.5 WG Ciprodinil (375 g/kg) + Fludioksonil (250 g/kg) 0.6–0.8 kg/ha 

Dional 500 SC Iprodion 1.5 L/ha 

 

RESULTS AND DISCUSSION 

Upon visual inspection of the experimental plot, the plants on the control variant without 

chemical protection were observed to have been infected with late blight. The plants on the 

variant treated with fungicides were successfully protected from Phytophthora infestans and 

the consequences of late blight largely reduced. On the variant treated with Nordox, <10% of 

the spots appeared on the leaves at 25 and 35 mm irrigation rates whereas no infestation did at 

15 mm (Table 3). 
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On the variant treated with Antracol, infestation was <10% at 25 mm irrigation rate and 

Phytophthora infestans 11–25% at 35 mm (Table 4). 

 

Table 3 Intensity of Phytophthora infestans attacks on the variant treated with Nordox 

Irrigation rate 

(mm) 

Percentage of leaves attacked   

0 <10 11–25 26–40 41–60 61–70 71–80 81–90 >90 100 

15 - - - - - - - - - - 

25 - + - - - - - - - - 

35 - + - - - - - - - - 

 

Table 4 Intensity of Phytophthora infestans attacks on the variant treated with Antracol 

Irrigation rate 

(mm) 

Percentage of leaves attacked   

0 <10 11–25 26–40 41–60 61–70 71–80 81–90 >90 100 

15 - - - - - - - - - - 

25 - + - - - - - - - - 

35 - - + - - - - - - - 

 

The variant treated with Quadris was infected with <10% late blight only at irrigation rate 

of 35 mm (Table 5). 

 

Table 5 Intensity of Phytophthora infestans attacks on the variant treated with Quadris 

Irrigation rate 

(mm) 

Percentage of the leaves attacked   

0 <10 11–25 26–40 41–60 61–70 71–80 81–90 >90 100 

15 - - - - - - - - - - 

25 - - - - - - - - - - 

35 - + - - - - - - - - 

 

On the control variant with no fungicides, the tomato plants appeared to have been much 

more infected with Phytophthora infestans than those in the variant treated with fungicides. 

Also, rather a high disease onset intensity of 41–60% was recorded at 25 and 35 mm irrigation 

rates whereas a much lower infestation of 11–25% with Phytophthora infestans, was 

manifested at 15 mm (Table 6). 

 

Table 6 Intensity of Phytophthora infestans attack on the control variant without chemical protection 

Irrigation rate 

(mm) 

Percentage of leaves attacked   

0 <10 11–25 26–40 41–60 61–70 71–80 81–90 >90 100 

15 - - + - - - - - - - 

25 - - - - + - - - - - 

35 - - - - + - - - - - 

 

The higher irrigation rates of 25 and 35 mm and, therefore, a higher soil moisture suited 

the onset and spreading of late blight, but did not at 15 mm rate. The high moisture level in 

the greenhouse could suit the disease onset, stimulating spore germination [16,17]. Either an 

excessive or deficient water use may result in developing many fungal and bacterial plant 

diseases, which threatens the produce yield and quality [18]. 
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Upon regular visual monitoring of the experimental plot, the symptoms of grey mould 

appeared on the tomato fruits and on the stem ground part. The tomato preventive and 

chemical protection was successful in grey mould control. Thus, when irrigated with 15 mm 

rate, the variants treated with fungicides did not manifest being infested with grey mould 

whereas those on the control variant with no chemical protection did (8% of the infested 

plants) (Table 7). 

On the variant with 25 mm irrigation rate, 3% accounted for the infected plants treated 

with Folio Gold whereas the other variants treated with fungicides were not infected with grey 

rot at all. As for the control variant without chemical protection, 14% accounted for the 

infected tomato plants. 

Further, on the variant with irrigation rate of 35 mm, 5% accounted for the infected plants 

treated with Folio Gold. The plants on the variants treated with fungicides were not infected 

whereas 17% of those on the control variant without chemical protection were.  

 

Table 7 Intensity of Botrytis cinerea infection on tomato and efficiency of fungicides 

Irrigation rate (mm) Fungicide Infected plants (%) 
Efficiency of 

fungicides (%) 

15 

Folio Gold 537.5 - 100 

Switch 62.5 - 100 

Dional 500 - 100 

Control 8 - 

25 

Folio Gold 537.5 3 78.6 

Switch 62.5 - 100 

Dional 500 - 100 

Control 14 - 

35 

Folio Gold 537.5 5 70.6 

Switch 62.5 - 100 

Dional 500 - 100 

Control 17 - 

 

The higher irrigation rates (25 and 35 mm), favoured a more serious tomato infection with 

grey rot in the experimental greenhouse than the lower irrigation rate of 15 mm did. There is a 

close relationship between the incidence of some diseases and insect pests and the way in 

which the water is supplied to the tomato plants. The conditions, favouring the majority of 

diseases are the existence of free water on the leaves and high water content in the soil [19]. 

The fungicides used to protect tomato from grey rot expressed a high level of efficiency. 

Thus, Switch and Dional exhibited 100% efficiency on all the irrigation variants. Folio Gold 

was also 100% efficient on the variants with 15 mm irrigation rate but less efficient (78.6% 

and 70.6%) on those with 25 mm and 35 mm irrigation rates. 

 

CONCLUSION 

Investigating the onset and infesting intensity of Phytophthora infestans and Botrytis 

cinerea in tomato as well as the fungicides efficiency in its protection from all these 

phytopathogens, resulted in the following conclusions: 
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- higher soil moisture at 25 and 35 mm irrigation rates favoured a higher outbreak intensity 

of late blight and grey rot in tomato plants than 15 mm rate did. Therefore, the lower 

irrigation rates may efficiently be utilized as an integral tomato plants protection measure 

against the infestation intensity of Phytophthora infestans and Botrytis cinerea, and 

- the successfully performed tomato chemical protection from the Phytophthora infestans 

and Botrytis cinerea largely reduced the consequences the infection had on the variants 

treated with the fungicides compared to the control variant without chemical protection. 
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Abstract 

The study analyzed the heights of dominant fir trees from different regions. It was found that even 

when the trees were growing in the same type of soil, there were significant variations in their heights 

depending on their origin. Additionally, within the same region, the dominant heights of trees were 

significantly lower in the ranker compared to the district cambisol, except in the Olovo-Palež region. 

Keywords: dominant tree height, provenance, soil characteristics. 

 

INTRODUCTION 

Over the past five decades, Serbia has undergone extensive reforestation initiatives, 

primarily focusing on conifer species to reclaim barren lands and rehabilitate degraded sites 

and stands. These reforestation efforts have predominantly involved Austrian pine, Scots pine, 

and spruce, with the notably limited participation of fir. Consequently, the growth 

characteristics of fir in artificially established stands, especially in stands established outside 

of the current fir habitats, are still insufficiently studied [1,2]. One of the primary objectives 

of provenance research is experimentally determining important hereditary traits, primarily 

growth patterns and tree vitality of a given species. This is particularly significant for fir, 

which exhibits a broad distribution across various habitats, giving rise to a wide variety of 

subspecies and ecotypes. By studying fir cultures in southwestern Serbia, where different fir 

provenances are planted side by side in the same site, a quantitative assessment of the success 

of their development was conducted. 

 

MATERIALS AND METHODS 

This study entailed a comparative analysis of dominant fir tree heights within artificially 

established stands, comprising nine provenances planted in the Fagetum montanum site of 

southwestern Serbia, specifically at the Reštevo site. The fir provenance trial was established 

at an elevation of 1,000 m, with a slope of 10° and a northwestern aspect. The trial was set up 

in a degraded beech stand that had undergone clear-cutting. Following the felling of beech 

trees, the stumps were treated with oyster mushroom mycelium to suppress their sprouting 
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ability. Fir seedlings were propagated from seeds sourced from diverse locations within the 

natural fir range [3]. The sowing took place in 1988. After they had been nurtured in the 

nursery for three years, the seedlings underwent a two-year training period (3+2), meaning 

that they were five years old at the time of planting in the trial. After the research conducted 

in the nursery, a field trial was established, comprising the following nine provenances: 

Prozor (PR), Bugojno (BU), Olovo-Klis (OK), Sokolac (SO), Olovo-Palež (OP), Pale (PA), 

Fojnica (FO), Konjic (KO), and Petrovac (BP). The trial was organized using a block system 

(two blocks, each containing nine replications). Fir seedlings were planted at a spacing of 2 m 

between seedlings, while the spacing between blocks with different provenances was 4 m. 

Within each block, 64 seedlings of the same provenance were planted in a single plot. 

Thorough soil investigations were conducted within each block. The results were analyzed 

using analysis of variance (ANOVA), and the post hoc procedure was conducted using the 

Bonferroni and Holm multiple comparison method. Data processing utilized the R 

programming language. Table 1 presents fundamental data regarding the stands from which 

the seeds were sourced to establish the trial. 

 

Table 1 Fir Provenances – Site Characteristics of Parent Stands 

Provenance Soil Site 
Elevation 

(m) 
Aspect 

Slope 

(%) 

Prozor (PR) Calcomelanosol, Luvisol Piceo-Abietum Fagetum 1.300 N-E 5–10 

Bugojno (BU) Calcocambisol Piceo-Abietum 1.090 N-W 10–25 

Olovo-Klis (OK) Luvisol-calcocambisol 
Abieto-Picetum Illyricum 850 N-W 13 

Sokolac (SO) Calcomelanosol 
Abietum Piceetum Syllicicolum 940 S-W 13 

Olovo-Palež (OP) Calcocambisol, Luvisol 
Galio-Abietetum 960 N-E 12 

Pale (PA) Dystric Cambisol, 

Calcomelanosol 
Abieto-Picetum Illyricum 1.200 N-E 20 

Fojnica (FO) 
Dystric Cambisol Piceo-Abietuum Syllicicolum 1.010 - - 

Konjic (KO) Calcocambisol 

Calcomelanosol 
Abietum-Fagetum Illyricum 1.030 E-NE 10–22 

Petrovac (BP) Calcocambisol, 

Pseudogley 
Abieto-Picetum Illyricum 900 N 2 

Source: [3]. 

 

RESULTS AND DISCUSSION 

Soil characteristics 

Table 2 displays the results regarding soil physical properties, while Table 3 outlines the 

chemical characteristics of the soil across different blocks. 

Block A:  

The terrain exhibits a slope of approximately 10° with a northwestern aspect. The depth of 

the topsoil layer exceeds 1m. Bedrock comprises sandstone, shale, and clay. The soil 

corresponds to a strongly acidic brown soil – dystric cambisol. Within the 0–32 cm depth, the 

humus-accumulative A horizon is dark brown with a black shade. Granulometric analysis 

reveals this horizon to be sandy clay loam containing 34.10% physical clay and 
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approximately 15% coarse sand. The entire horizon is permeated with plant root systems and 

contains 30% skeletal material. The structure is well-defined with a crumbly to fine-grained 

texture. The soil is moist and humus-rich (4.29%), characterised by a mull-moder humus. 

Environmental pH is highly acidic, with active acidity at 4.8 pH units, potential acidity at    

4.8 pH units, and hydrolytic acidity at 80.50 ccm. Base saturation is notably low, at 13.9%, 

with a base sum of 8.46% mil/eq. Assimilable phosphorus levels are high, while nitrogen and 

potassium are at moderate levels. The transition to the middle horizon is distinctly defined. 

This (B) horizon, found at a depth of 33–65 cm, is brown in colour with pronounced coarse 

redoximorphic mottles. Regarding its granulometry, the soil is notably heavier, characterised 

as sandy clay loam with 52.50% physical clay and 40% skeletal content. Humus content 

(1.33) and nutrient levels exhibit a sharp decline. Environmental pH is slightly less acidic. 

Beneath lies the C horizon, spanning from 65 to 100 cm. It is of the same colour but with a 

slightly lighter shade. The share of large skeletal fragments ranges up to 70%. The soil quality 

surpasses that of previously described trial fields, particularly in terms of the depth of the 

topsoil and granulometric composition, as the (B) horizon comprises more clay, contributing 

to better soil moisture retention. Chemical properties mirror those of prior trial fields, with the 

environmental pH even more acidic. 

 

Table 2 Physical properties of soil 

Block Soil Type 

Depth 

(cm) 

Coarse 

Sand 

Fine 

Sand 
Silt Clay 

Total 

Sand 

Total 

Clay Texture Class 

cm % % % % % % 

A 
Dystric 

Cambisol 

0–32 15.00 50.90 22.70 11.40 65.90 34.10 Sandy Clay Loam 

32–65 14.00 33.50 24.80 27.70 47.50 52.50 Sandy Clay Loam 

D Ranker 0–36 7.50 65.10 18.50 8.90 72.60 27.40 Sandy Clay Loam 

 

Table 3 Chemical properties of soil 

Profile 

number 
Depth cm 

Adsorptive complex pH Total Available 

C/N T S T-S V Y1 
H2O KCl 

Humus N P2O5 K2O 

eq. m.mol NaOH % ccm % % mg/100g 

A 
0–32 60.81 8.46 52.35 13.91 80.50 4.8 3.7 4.29 0.16 20.0 9.5 15.5 

32–65 46.33 9.95 36.38 21.48 56.00 5.0 3.7 1.33  4.2 8.2  

D 0–36 37.76 8.48 29.27 22.46 45.00 5.3 4.2 4.56 0.20 20.0 7.0 13.2 

 

Block D:  

The terrain has a slope of 35° and faces northwest. Surface rocks are absent. The depth of 

the topsoil layer is approximately 50 cm. Bedrock includes sandstone, shale, and clay. The 

soil type is brown ranker.  The A (humus-accumulative) horizon ranges from 0 to 36 cm and 

exhibits a dark brown colour. Granulometrically, it is composed of sandy clay loam, with 

27.40% physical clay and 7.50% coarse sand. The horizon is permeated with skeletal 

material, constituting 40%. The fine soil displays a stable, crumbly structure. Root systems 

extend to a depth of 26 cm, with some individual roots reaching depths of 50 cm. Compared 

to Profile 1, the soil in Block D is notably drier. It is porous, permeable, and penetrable. The 

mature mull humus content (C/N – 13.22) measures at 4.56%, while the environmental pH 

registers as acidic at 5.3 pH units in water. The degree of base saturation is around 20%. The 

soil is well-supplied with nitrogen (0.20%) and phosphorus (exceeding 20 mg P2O5/100g of 
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soil), though potassium levels barely reach the lower limit of moderate availability. The A-

C/C horizon is 36–50 cm thick and exhibits a light brown coloration. This horizon has slightly 

higher moisture levels, with skeletal material constituting 90% of its volume, mixed with fine 

soil of similar physical and chemical properties. However, its productivity is constrained by a 

relatively shallow topsoil (approximately 5 cm) and the steep terrain, leading to intense 

erosion processes and significant forest damage caused by pruning. 

Height of dominant trees 

In natural stands, fir trees undergo a notably slow growth in their youth, while in 

artificially established stands, they grow significantly faster, nearly matching the growth rate 

of spruce, Scots pine, and Austrian pine. For instance, fir trees on Mount Goč within a natural 

stand regenerated through seed cutting reach a height of only three meters by the age of 30 

[4]. In the majority of the utilized provenances, fir trees demonstrate relatively rapid height 

growth, indicating their vitality and successful development. Variations in height among them 

stem from their natural characteristics and the ability of provenance to adapt to new site 

conditions. 

The average heights of dominant trees for the two analyzed blocks and provenances are 

presented in Table 4. After forty years of growth, notable differences were observed in the 

total dominant tree height attained by specific provenances (Table 5). 

 

Table 4 Basic statistical indicators of dominant heights by provenance 

Block Height 
Provenance 

PR-1 BU-1 OK-1 SO-1 OP-1 PA-1 FO-1 KO-1 BP-1 

Block A 

Xmean 19.3 22.7 20.8 22.9 21.8 23.2 21.7 21.7 23.4 

Sd 1.8 1.0 1.9 1.7 1.6 2.1 1.4 1.1 1.0 

Kv% 9.3 4.3 9.3 7.4 7.2 9.2 6.5 5.3 4.2 

Block D 

Xmean 15.5 17.3 18.8 16.4 20.4 18.4 16.7 15.1 14.3 

Sd 0.9 2.1 1.3 1.0 2.1 1.2 1.2 2.4 1.9 

Kv% 6.0 11.9 7.1 6.1 10.1 6.3 7.4 16.1 13.3 

 

Analysis of the provenance F-test showed significant differences between provenances 

within each analyzed block. The F-test value for Block A amounts to 6.02 (DF 9 and 72), 

whereas for Block D, it is 12.05 (DF 9 and 72). 

In Block A, on dystric cambisol, significantly lowest dominant tree heights were observed 

in the Prozor (PR1) provenance (19.3 m), with notably lower values compared to the Bugojno 

(BU1), Sokolac (SO1), Olovo-Palež (OP1), Pale (PA1), and Petrovac (BP1) provenances. 

Additionally, significantly lower dominant heights were recorded for the Olovo-Klis (OK1) 

provenance compared to the Petrovac (BP1) provenance (Table 5). 

On ranker soil, the Prozor (PR1) provenance in Block D exhibited significantly lowest 

dominant tree heights (19.3 m). These values were notably lower compared to the Olovo-Klis 

(OK4), Olovo-Palež (OP4), and Pale (PA4) provenances. Significantly lower values of 

dominant heights were observed for the Bugojno (BU4) provenance compared to the Olovo-

Palež (OP4) and Petrovac (BP4) provenances. The Olovo-Klis (OK4) provenance 

demonstrated significantly higher dominant tree heights compared to the Konjic (KO4) and 
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Petrovac (BP4) provenances. The Sokolac (SO4) provenance displayed significantly lower 

heights of dominant trees than the Olovo-Palež (OP4) provenance. Moreover, the Olovo-

Palež (OP4) provenance showed significantly higher growth of dominant trees compared to 

the Fojnica (FO4), Konjic (KO4), and Petrovac (BP4) provenances. Additionally, the Pale 

(PA4) provenance exhibited significantly greater heights of dominant trees compared to the 

Konjic (KO4) and Petrovac (BP4) provenances (Table 6). 

 

Table 5 Bonferroni and Holm multiple comparison method values between provenances in Block A 

Provenience PR-1 BU-1 OK-1 SO-1 OP-1 PA-1 FO-1 KO-1 BP-1 

PR-1 -         

BU-1 4.68** -        

OK-1 2.01 2.64 -       

SO-1 4.86** 0.18 2.81 -      

OP-1 3.38** 1.30 1.33 1.48 -     

PA-1 5.35** 0.66 3.30 0.49 1.96 -    

FO-1 3.29 1.40 1.23 1.58 0.09 2.06 -   

KO-1 3.23 1.45 1.18 1.63 0.15 2.11 0.05 -  

BP-1 5.58** 0.89 3.53** 0.72 2.06 0.23 2.29 2.35 - 

 

Table 6 Bonferroni and Holm multiple comparison method values between provenances in Block D 

 PR-1 BU-1 OK-1 SO-1 OP-1 PA-1 FO-1 KO-1 BP-1 

PR-1 -         

BU-1 2.30 -        

OK-1 4.12** 1.82 -       

SO-1 1.07 1.23 3.05 -      

OP-1 6.18** 3.88** 2.06 5.10** -     

PA-1 3.68** 1.39 0.43 2.61 2.49 -    

FO-1 1.52 0.78 2.59 0.45 4.66** 2.16 -   

KO-1 0.56 2.87 4.68** 1.63 6.74** 4.25** 2.09 -  

BP-1 1.54 3.85** 5.67** 2.62 7.73** 5.23** 3.07 0.98 - 

 

Through the application of Bonferroni and Holm t-statistic and conducting tests on the 

same provenances growing on different soil types, it was observed that provenances planted 

on dystric cambisol (Block A) exhibited significantly greater heights of dominant trees 

compared to those planted on ranker soil (Block D). The exception to this trend was the 

Olovo-Palež provenance, for which the difference was not statistically confirmed (Table 7). 

 

Table 7 Bonferroni and Holm multiple comparison method values of the same provenance between 

blocks 

Provenance 
Bonferroni and Holm   

t-statistic 
Bonferoni inference Holm inference 

PR1 vs PR2 5.61 <0.01 <0.01 

BU1 vs BU2 7.08 <0.01 <0.01 

OK1 vs OK2 2.59 <0.05 <0.05 

SO1 vs SO2 9.93 <0.01 <0.01 

OP1 vs OP2 1.63 insignificant insignificant 

PA1 vs PA2 5.92 <0.01 <0.01 

FO1 vs FO2 7.96 <0.01 <0.01 

KO1 vs KO2 7.32 <0.01 <0.01 

BP1 vs BP2 12.62 <0.01 <0.01 
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CONCLUSIONS  

Our research has revealed significant differences in the heights of dominant trees from 

different provenances. Testing these heights on different soil types showed that, for all 

provenances (except Olovo-Palež), heights were notably greater on dystric cambisol 

compared to ranker soil. This underscores the importance of soil type as a significant factor 

influencing the height of dominant fir trees. In forest management practices, it is crucial to 

recognise soil type as an indicator of site fertility for fir trees. Additionally, dominant heights 

play a pivotal role in determining Site Index or productivity classes, which should be 

carefully considered in future afforestation or reforestation initiatives aimed at rehabilitating 

degraded forests. 
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Abstract  

Flotation waste, which was produced through seventy years of copper ore processing in RTB Bor, 

Serbia, is deposited in a flotation tailings pond. In total, almost 22.3 Mt could be considered as 

available for eventual reprocessing and reuse. Chemical analysis had shown that an average 

concentration of targeted metals in the tailings is: 0.23% Cu, 0.53 g/t Au and 2.83 g/t Ag.          

Physical characteristics of representative sample of flotation tailings composites include 

determination of sample density, bulk density and sample pH. Based on the obtained results of the 

granulometric analysis, it can be concluded that in the sample 66.50% of the particles are smaller 

than 75 µm in size. The leaching degrees of the analyzed elements, based on the results of chemical 

analyzes of the solid residue, achieved after leaching of the composite sample of flotation tailings at 

the pilot plant were recalculated and are: 75.67% Cu, 16.48% Fe, 4.76% Ag and 5.6% Au. 

Keywords: leaching, flotation tailings, pilot plant. 

 

INTRODUCTION 

In the process of flotation of copper ore, flotation tailings containing metal sulfides are 

separated and represent a special challenge for the topic of mining waste management. Due to 

the formation of acid mine waters (AMD) and the exposure of tailings to atmospheric oxygen, 

bacteria and water, metals from tailings are dispersed into the environment, which directly 

affects the degradation of the quality of surface and underground water as well as the 

surrounding soil [1,2]. 

Due to the increased exploitation of copper ores and the discovery of low-quality deposits, 

it can be expected that more tailings will be present in the coming years, which could cause 

more environmental problems and challenges to solve them. 

Considering the fact that the recovery of copper from the ore through the flotation process 

is about 56%, this indicates that the flotation tailings contain valuable copper components. In 

addition, old flotation tailings sometimes have higher copper content (0.2–0.4% Cu) than low-

grade ores (0.2–0.3% Cu). The copper content of old flotation tailings is similar to the world 

average content of about 0.4% Cu for copper in mined ore. Considering the current price of 

copper and predictions that demand for copper will increase, flotation tailings and low-grade 

copper ores represent a potential future source of copper. 

Compared to pyrometallurgical processes, hydrometallurgical treatment has greater 

potential for treating complex low-grade sulphide ores and concentrates, resulting in increased 

metal recovery and reduced air pollution hazards. In recent years, research and development 
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of hydrometallurgical processes has intensified as an alternative to pyrometallurgical 

treatment. 

The calculated mean contents of the deposit of man-made mineral raw materials in the area 

of the Old Flotation Tailings, calculated on the basis of data obtained during the entire 

research period (1961/62, 2007, 2015/16, 2016/17, and 2017/18), amount to: 0.530 g/t Au ; 

2.826 g/t Ag and 0.230% Cu. It should be noted that during the research period, 1961/62 and 

during 2007, taken samples were not analyzed for gold and silver, but only for Cu [3]. 

The calculated reserves of the technogenic deposit amount to 22.3  Mt of mineral raw 

material, with about 12 t of Au, 63 t of Ag and 51,303 t of Cu metal. On the basis of the 

above, it can be concluded that significant amounts of gold, copper and silver are present in 

the flotation tailings, and that a significant profit would be achieved by valorizing them. Over 

the years, experience has taught us that flotation tailings ponds, containing many hazardous 

components, negatively affect the environment [4–6]. 

The aim of this paper was to confirm the leaching of Cu as an adequate process for 

hydrometallurgical extraction of copper from flotation tailings at the pilot plant after the 

laboratory tests were completed. And also to consider adequate treatment of the solid residue 

that is formed in the acid leaching process of copper and in which precious metals are 

concentrated: gold and silver. 

The paper contains a systematized review of physical characteristics and granulometric 

analysis of representative sample of flotation tailings composite which is acid leached at 

atmospheric pressure on an enlarged scale – at a pilot plant. 

 

MATERIALS AND METHODS 

In this paper, composite samples of flotation tailings with the following designations were 

used for the planned experimental tests of the leaching process of copper, gold and silver from 

the tailings of the Old Flotation Tailings: 

Composite I + III was formed from samples from the part of the tailings that includes the 

Old French tailings and Field 1 with an estimated total amount of tailings of 14,862,708 t, 

which represents about 60% of the total amount of tailings. The estimated metal content is: 

37,157 t Cu + 6.7 t Au + 20.0 t Ag. 

 

RESULTS AND DISCUSSION 

Physical-chemical characterization of the samples 

Physical characteristics of representative samples of flotation tailings composites include 

determination of sample density, bulk density and sample pH. The results of physical 

characterization of representative samples of flotation tailings composites are shown in Table 

1. 
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Table 1 Physical characterization of representative composite samples of flotation tailings 

Sample Density (g/cm
3
) Bulk mass (kg/m

3
) pH 

COMPOSITE 

I+III 
2.765 1176.0 2.82 

 

In Table 2 the chemical characterization of representative sample of flotation tailings 

composites is presented. 

 

Table 2 Chemical composition of representative sample of flotation tailings composite I + III 

Element Unit Content Analytical method* 

Cuuk % 0.25 AAS 

Cuox % 0.18 AAS 

Fe % 7.62 ICP-AES 

Ca % 0.78 ICP-AES 

K % 0.54 ICP-AES 

Na % 0.23 ICP-AES 

S % 9.34 ACS 

SiO2 % 52.88 G 

Al2O3 % 10.76 ICP-AES 

Au ppm 0.45 FA/AAS 

Ag ppm 1.40 FA/AAS 

Sr ppm 648 ICP-AES 

As ppm 122 ICP-AES 

Zn ppm 23.6 ICP-AES 

* AAS - Atomic Absorption Spectrophotometer 

ICP-AES - Inductively Coupled Plasma Atomic Emission Spectrometry 

ACS - Carbon and Sulfur Analyzer 

G - Gravimetry 

FA - flame analysis of precious metals (cupellation) 

 

Based on the copper analysis shown in Table 2, it can be stated that the share of oxide 

copper in relation to total copper for the examined composite samples is as follows: 

 

COMPOSITE I +III: Cu oxide/Cu total = 0.18/0.25 = 0.72 (72%) 

 

Granulometric composition of the sample 

The granulometric composition of sample of the flotation tailings composite was 

determined by the sieving method on laboratory sieves made of fine mesh, wire and 

perforated metal plate (SRPS ISO 2591-1:992). 

Based on the obtained results of the granulometric analysis, it can be concluded that in the 

sample COMPOSITE I+III, 66.50% of the particles are smaller than 75 µm in size (Table 3). 
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Table 3 The granulometric composition of the flotation tailings composite sample COMPOSITE I+III 

d (mm) m (%) R (%) D (%) 

-4+2.36 7.60 7.60 100.0 

-2.36+1.70 0.20 7.80 92.40 

-1.70+0.850 0.40 8.20 92.20 

-0.850+0.600 0.40 8.60 91.80 

-0.600+0.425 0.30 8.90 91.40 

-0.425+0.300 6.70 15.60 91.10 

-0.300+0.212 1.10 16.70 84.40 

-0.212+0.150 4.40 21.10 83.30 

-0.150+0.106 6.30 27.40 78.90 

-0.106+0.075 6.10 33.50 72.60 

-0,075+0.053 5.50 39.00 66.50 

-0.053+0.038 5.50 44.50 61.00 

-0.038+0.00 55.50 100.00 55.50 

 

Copper leaching from the sample composite I+III 

In a reactor made of poly-propylene, with a volume of 100 L, the leaching experiment of a 

composite sample of flotation tailings COMPOSIT I+III in an amount of 15 kg was carried 

out, under optimal conditions previously defined by laboratory tests (particle size: -75 µm, 

without the addition of oxidants, temperature: ambient, ratio of solid and liquid phase: 1:4, 

time: 4h, pH of the suspension: pH=1. To correct the pH value from pH 2.9 to pH 1, it was 

added 600 ml of concentrated H2SO4, which represents the consumption of concentrated 

sulfuric acid of 70 kg per ton of tailings. 

Apparatus for performing enlarged experimental testing of the copper agitation leaching 

process at the pilot plant is shown in Figure 1. 

After the leaching process was completed, the suspension was filtered on a plan filter 

(Figure 1), and the solid residue was washed with water that was mixed with the alkaline 

solution. The volume of alkaline solution and rinse water was 87 L. 

 

  
Figure 1 Leaching and filtering of the composite sample of flotation tailings COMPOSITE I+III at the 

pilot plant 

 

The solid residue was dried in a dryer to a constant mass of 12.5 kg, sampled, its physico-

chemical characterization was performed (Table 4 and Table 5), and its granulometric 

composition was determined, the results of which are shown in Table 6. 
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Table 4 Results of physical characterization of the solid residue (T-SFJ-PILOT) 

Sample  Unit Value  

T-SFJ-PILOT 

Sample mass kg 13.2  

Moisture % 0.90  

Bulk mass kg/m
3
 1120  

Density kg/m
3
 2840  

pH / 2.72  

 

Table 5 Results of the chemical analysis of the solid residue after copper leaching from the composite 

sample COMPOSIT I+III 

Element Cu (%) Fe (%) Ag (g/t) Au (g/t) 

Content 0.073 6.15 1.6 0.51 

 

Based on the results of chemical analyzes of the solid residue, the leaching degrees of the 

analyzed elements achieved after leaching of the composite sample of flotation tailings I+III 

at the pilot plant were recalculated and are: 75.67% Cu, 16.48% Fe, 4.76% Ag and 5.6 % Au, 

which is in agreement with the results obtained at the laboratory level. Given that the content 

of oxide copper in the composite sample of flotation tailings I+III is 72% (based on the data 

shown in Table 2), we can state that the copper present in the oxide form was completely 

leached in the sulfuric acid solution without heating, in a time of 4h and at the ratio of solid 

and liquid phase 1:4. 

 

Table 6 Granulometric composition of the solid residue after leaching of the composite sample 

COMPOSIT I+III 

d (mm) m (%) R (%) D (%)  

-0.300+0.212 1.00 1.00 100.00  

-0.212+0.150 3.00 4.00 99.00  

-0.150+0.106 6.00 10.00 96.00  

-0.106+0.075 5.50 15.50 90.00  

-0.075+0.053 4.50 20.00 84.50  

-0.053+0.038 6.00 26.00 80.00  

-0.038+0.020 10.50 36.50 74.00  

-0.020+0.00 63.50 100.00 63.50  

 

Based on the obtained results of granulometric analysis, it can be concluded that 90% of 

the sample of solid residue obtained after agitation leaching of the composite sample of 

flotation tailings COMPOSIT I+III at the pilot plant consists of particles smaller than -75 µm. 

 

CONCLUSION 

This paper presents the results of copper agitation acid leaching at atmospheric pressure for 

4 hours, with a ratio of solid to liquid phase 1:4, and a concentration of sulfuric acid of 1.7% 

H2SO4 at ambient temperature. Leaching was carried out at the pilot plant, during which       
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15 kg of flotation tailings were leached. The results showed that under these conditions the 

percentage of Cu leaching was over 75%. 
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Abstract  

Forest fruit species are important components of forest ecosystems in many aspects, as a food source 

for birds and small mammals; they attract and keep pollinators, and have an esthetic role in urban 

forests, especially during the flowering season. The potential impact of urbanization and pollution on 

their health and survival can significantly damage the balance of the ecosystem and represent a 

biodiversity loss. Aim of this paper was to identify individuals and groups of forest fruit species in the 

urban forest “Košutnjak” and to establish foundational knowledge about locally available gene pool 

recourses for further in situ and ex situ conservation. The protected area “Košutnjak Forest” is 

located in Belgrade, the capital of Serbia, with 1.6 million inhabitants. The entire area (330 ha) of the 

urban forest is under the strong anthropopressure. A significant number of species were found, 21 

wild woody fruit species belonging to 7 families and 11 genera. Eight species in the shrub form: 

Cornus mas, Cornus sanguinea, Corylus avellana, Crataegus monogyna, Rosa arvensis, Rosa canina, 

Rubus hirtus, and Sambucus nigra, and 13 in the tree form, 9 native: Prunus cerasifera, Prunus 

domestica, Prunus avium, Pyrus pyraster, Malus sylvestris, Sorbus domestica, Sorbus torminalis, 

Corylus colurna, Juglans regia, Castanea sativa, and 4 non-native: Juglans nigra, Morus alba, Morus 

nigra and Prunus serotina, were found. The database of forest fruit species genepool is deposited in 

the Center for Monitoring and Conservation of Forest Genetic Resources at the University of 

Belgrade - Faculty of Forestry. 

Keywords: anthropopressure, forest ecosystem stability, biodiversity, dynamic conservation. 

 

INTRODUCTION 

Forest ecosystems are under the strong pressure concerning climate change and a variety of 

human activities [1]. Evolution and adaptation of most European species have been done 

under variety of natural changes, but nowadays human disturbances and management 

practices have an enormous impact on biodiversity conservation and ecosystem functions [2], 

due to the continuous process of pollution, fragmentation and implementation of other forms 

of land use [3]. Among all forest ecosystems, urban forests are the one most exposed to 

significantly higher level of anthropopressure [4]. However, urban park forests have a high 

biodiversity value as they improve urban environment. They serve as biofilters that reduce the 

level of air and acoustic pollution [4], as a refuge habitat of flora and fauna and as areas of 

importance for species recovery and nature conservation [5]. The conservation and promotion 

of urban forest ecosystems should begin with gathering knowledge about the biodiversity they 

harbor.  
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According to the EUFORGEN Noble Hardwood Network Report [6], European long-term 

gene conservation strategy for noble hardwoods is necessary to gain knowledge about 

populations, on local and European level. The first step in that direction is identification of 

species and the in situ conservation of the local gene [7].  

Many of forest wild fruit species in tree form belong to the group of noble hardwoods, 

such as Sorbus spp., Prunus avium L., Pyrus pyraster (L.) Burgsd., etc. They also attract and 

keep pollinators, and have an aesthetic function, especially during the flowering season. 

Forest wild fruit species play a key role in protecting biodiversity as they represent a source of 

food and shelter for birds, small mammals and insects. According to Wolf et al. [8] 

identification of individuals, groups or stands of wild fruit tree species is the first step for in 

situ and ex situ conservation and for the further utilization of available gene pool. 

This research aimed to identify individuals and groups of forest fruit species in the urban 

forest “Košutnjak” and to establish foundational knowledge about locally available gene pool 

recourses for further in situ and ex situ conservation. Additionally, to consider possibilities 

and perspectives for direct utilization of the available gene pools in the future. 

 

MATERIALS AND METHODS 

Study site 

The Natural monument “Košutnjak” Forest is one of the only two remnants of indigenous 

forest vegetation in the densely populated urban structure [9]. It is located above the left bank 

of the Topčiderska River in capital of Serbia – Belgrade. Altitude ranges from 75 to          

216.9 masl with a dynamic landscape with very steep slopes sometimes exceeding 70% [10]. 

In Košutnjak, forest ecosystems are predominantly deciduous, with a small proportion of the 

conifers. The occurrence of 521 plant species has been recorded in this area [4]. Given that 

3730 species grow in Serbia, this number indicates a high floristic diversity according to the 

criteria of vascular plants diversity [11]. It is declared protected due to significant spatial 

functions and bioecological values of the complex under forest vegetation and to preserve the 

habitat of diverse fauna of mammals, birds, insects, reptiles and amphibians, as well as signs 

of geological discovery [10]. There are two protection regimes. The largest part of forest   

(265 ha) is under the third (III) degree protection regime and the smaller part under the second 

degree protection regime – Natural reserve Forest of oak and hornbeam at Hajdučka fountain 

that has been protected since 1981 (3.5 ha) [9]. 

Data collection and analysis 

The research methodology is described in previously published researches [12–14], as an 

integrative methodological framework for conservation of genetic resources in urban park 

forests. After the field survey and identification of woody plant species we carried out an 

assessment of the degree of endangerment of woody plant species and focused on forest fruit 

species due to their rarity and endangerment. Both, the tree and shrub forms of the forest fruit 

species were examined. The species in tree form considered for the ex situ conservation were 

georeferenced. Coordinates for each tree were exported from the UTM Geo Map application 

to the Google Earth software. As a basis, a vector representation of the boundaries of the 

compartment and sub-compartment NM “Košutnjak” was used. In this way, the position of 
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the trees within the NM was additionally checked. The database of selected individuals is 

deposited in the Center for Monitoring and Conservation of Forest Genetic Resources at the 

University of Belgrade - Faculty of Forestry. 

 

RESULTS AND DISCUSSION 

After the field survey and identification of woody plant species which included site 

reconnaissance and species identification, a considerable number of forest fruit species were 

found – 21 wild woody fruit species belonging to 7 families and 11 genera (Table 1). Eight 

species in the shrub form: Cornus mas, Cornus sanguinea, Corylus avellana, Crataegus 

monogyna, Rosa arvensis, Rosa canina, Rubus hirtus, and Sambucus nigra, and 13 in the tree 

form. Nine of them were native: Prunus cerasifera, Prunus domestica, Prunus avium, Pyrus 

pyraster, Malus sylvestris, Sorbus domestica, Sorbus torminalis, Corylus colurna, Juglans 

regia, Castanea sativa, and four non-native: Juglans nigra, Morus alba, Morus nigra and 

Prunus serotina. According to the IUCN [15] categorization, most species are in the “last 

concern” category, except apple and plums which are “data deficient”. Common dogwood, 

field rose and blackberry are not evaluated (NE). On the national level, according to Banković 

et al. [16] many of identified species are not evaluated (NE). However, European wild pear 

and wild service tree are in the category “at risk”; European wild apple and Persian walnut are 

considered as “rare/endangered” and Turkish hazel as “tertiary relict” (Table 1). 

Based on the field survey and species identification considering both, national and IUCN 

[15] categories, evaluation of species status in NM “Košutnjak” Forest was done (Table 1). 

All the species in shrub form were abundantly present and considered as “last concern”. The 

only threat to these species in future could be negative human activities (eg. fire, over-

consumption of fruits, destroying of habitat by urbanization). The most critical (CR) is true 

service tree genepool, represented by very few individuals (Figure 1). Wild service tree was 

categorized as “endangered” since it only occurs in a limited distribution range, as well as 

wild apple and wild pear. Common plum, sweet cherry and sweet chestnut were considered as 

“vulnerable” as the health status of the most individuals is very poor. Considering all factors, 

Turkish hazel and cherry plum were considered as “near treated”. 

Despite the antropopressure, urban forests are biodiversity refugee in city limited space. 

Conservation of forest biodiversity, have great influence on the sustainable management of 

forest ecosystems [17]. The implementation of the genetic conservation framework [12], 

considering both in situ and ex situ conservation model, could ensure the long-term 

monitoring, protection and dynamic conservation of the woody forest fruit species in NM 

“Košutnjak Forest”. All the species, except ones categorized as “last concern” should be 

conserved in situ. Ex situ conservation is considered for Sorbus torminalis, Sorbus domestica, 

Pyrus pyraster and Prunus avium, and individuals of these species were georeferenced 

(Figure 1). 
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Table 1 Identified wild forest woody fruit species in NM “Košutnjak Forest” 

Species name Protection status 
Evaluated 

status in NM 

“Košutnjak 

Forest”  
lat. engl. 

national 

category
a 

IUCN 

category
b 

Castanea sativa Mill. Sweet Chestnut NE LC VU 

Cornus mas L. Cornelian Cherry NE LC LC 

Cornus sanguinea L. Common Dogwood NE NE LC 

Corylus avellana L. Hazel NE LC LC 

Corylus colurna L. Turkish Hazel tertiary relict LC NT 

Crataegus monogyna Jacq. Common Hawthorn NE LC LC 

Juglans nigra L. Black Walnut NE LC LC 

Juglans regia L. Persian Walnut rare/endangered LC LC 

Malus sylvestris (L.) Mill. European Wild Apple rare/endangered DD EN 

Morus alba L. White Mulberry NE LC LC 

Morus nigra L. Black Mulberry NE LC LC 

Prunus avium L. Sweet Cherry at risk LC VU 

Prunus cerasifera Ehrh. Cherry Plum NE DD NT 

Prunus domestica L. Common Plum NE DD VU 

Prunus serotina Ehrh. Black Cherry NE LC LC 

Pyrus pyraster (L.) Burgsd. European Wild Pear at risk LC EN 

Rosa arvensis Huds. Field Rose NE NE LC 

Rosa canina L. Dog Rose NE LC LC 

Rubus hirtus Waldst. & Kit. Blackberry NE NE LC 

Sambucus nigra L. European Elder NE LC LC 

Sorbus domestica (L.) Spach True Service Tree NE LC CR 

Sorbus torminalis (L.) Crantz Wild Service Tree at risk LC EN 
* a according to Banković et al. [16]; b IUCN [15] category: NE- not evaluated; DD – data deficient; LC – last concern; NT – 

near threaten; VU – vulnerable; EN – endangered; CR – critically endangered 

 

 
Figure 1 Individuals representing genepool of wild service tree, true service tree, wild pear and sweet 

cherry  
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Considering the importance of urban park forests and their vulnerability due to many 

factors, the implementation of the concept of genetic conservation is one of the most 

important ways to preserve and improve these ecosystems. Many of these species have been 

considered for conservation at the European level for many years [6,18–21], but despite that 

not many conservation units of these species have been found in Europe [22]. Since, every 

urban forest could be considered as unique city area and a refuge for wildlife and all species 

found play an important role in biodiversity enrichment, the establishment of conservation 

programs for specific species or habitats would lead to the better protection of the entire 

ecosystem. 

 

CONCLUSION 

Conservation of forest fruit species using metodological framework and both in situ and ex 

situ conservation model in urban forest such as Košutnjak would lead to benefit both human 

and flora and fauna of the urban area. All of the found forest fruit species should be 

considered for in situ conservation method. In situ conservation could be applied to a single 

species or to an entire habitat. At least nine native forest fruit species should be considered for 

ex situ conservation method in future. The overall conclusion of this study is that the NM 

“Košutnjak” Forest is home to 21 forest fruit species and that this urban forest should be 

considered as unique habitat that needs further effort on implementation of the concept of in 

situ and ex situ genetic conservation. 
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Abstract 

New distributional data on 43 aquatic beetle species of Serbia from 17 sampling sites, mainly for 

Vojvodina (the part of Pannonian Plain) are provided. The field research was carried out in          

2013–2023 (one decade). The rarity of findings particularly expressed in small lowland streams, such 

as those for Vojvodina revealed some aquatic beetle species are tolerant to water pollution. The 

study's main goal is to contribute to aquatic beetle taxa distribution in Serbia since the aquatic beetle 

fauna of Serbia is poorly explored in general. Further research should focus on habitat preference of 

aquatic beetle species and better conservation of small aquatic habitats. 

Keywords: aquatic beetles, new findings, distribution, Serbia. 

 

INTRODUCTION 

With more than 13,000 described species water beetles are one of the most globally 

abundant groups of aquatic insects. Among insect orders, only Diptera has more aquatic taxa 

(though just as larvae) than Coleoptera, and the two largest water beetle families, Dytiscidae 

and Hydrophilidae, each have more species than either Ephemeroptera or Plecoptera [1]. 

Counting the presently described species, the Palearctic Region houses the highest number of 

water beetle species. Although comprehensive water beetle surveys are still lacking for large 

parts of the Neotropical and Afrotropical Realms, it is estimated (after including the 

undescribed species) that the Palearctic (ca. 3,350 described species/ca. 3,900 estimated total), 

the Neotropical (2,510/3,900), and the Afrotropical Region (2,700/3,750) harbor more or less 

the same number of water beetle species, followed by the Oriental (2,200/3,580) and the 

Australian/Pacific Realm (1,340/2,100). Undoubtedly, the Nearctic (1,420/1,550) is by far the 

poorest region in terms of water beetle diversity [2]. 

Within the Palearctic Region, the Mediterranean countries and Anatolia are regarded as 

biodiversity hot spots, at least for certain families [2]. However, the aquatic beetle fauna of 

Serbia and the Balkan Peninsula is insufficiently known. Therefore, this paper aims to present 

new data on the distribution of the aquatic beetle species of Serbia during ten years         

(2013–2023). 
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MATERIAL AND METHODS 

Aquatic beetle samples were taken using a hand net (25x25 cm, 500 μm mesh size) or 

specimens were manually collected using a tweezer. The samples were collected in the period 

2013–2023 (one decade). Most aquatic beetle specimens are collected with other benthic 

invertebrate samples during the Regular Annual Water Monitoring programmes conducted by 

the Serbian Environmental Protection Agency (SEPA). The multi-habitat sampling procedure 

[3] and AQEM protocol [4] were applied. The samples were preserved using 70–90% ethyl-

alcohol. The number of collected imago specimens is expressed by using the abbreviation ex. 

(exemplar) while larval specimens as Lv. Containers were labeled with all necessary 

information, and transported to the laboratory for sorting, counting, and identification. For 

identification, we used the stereomicroscope Carl Zeiss StereoDiscovery V.8 with Axio Cam 

ICc5 and ZEN2 imaging software by using appropriate taxonomic keys [5–8]. 

A map of aquatic beetle sampling sites in Serbia is provided (Figure 1).  

 

 
Figure 1 Map of aquatic beetle sampling sites in Serbia (2013–2023 period) 

 

RESULTS AND DISCUSSION 

New distributional records with related data on 43 aquatic beetle species from Serbia 

belonging to 27 genera and six families are provided in Table 1 while from other regions of 

Serbia in Table 2.   
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Table 1 Material examined - Vojvodina  

Loca-

lity 

No. 

Latitude Longitude Canal River Lake Date - Species/No. of specimens  

1 44.902635 21.245424 +   09.07.2015 – Noterus clavicornis/1 ex. 

2 45.551866 19.413821 +   

06.07.2015 – Noterus clavicornis/2 ex., 

Noterus crassicornis/1 ex., Hydroglyphus 

geminus/5 ex., Hygrotus impressopunctatus/1 

ex., Limnoxenus niger/1 ex., Helochares 

lividus/1 ex., Helophorus flavipes/1 ex. 

3 45.922801 18.985350  +  

10.09.2014 – Haliplus heydeni/60 ex., Agabus 

bipulstulatus/6 ex., Ilybius fenestratus/4 ex.; 

05.08.2015 - Graptodytes bilineatus/1 ex., 

Hydroglyphus geminus/1 ex., Hydroporus 

angustatus/1 ex., Hydroporus palustris/1 ex., 

Hygrotus inaequalis/1 ex., Porhydrus 

obliquesignatus/1 ex., Helochares lividus/1 

ex., Hydrochara flavipes/1 ex., Limnoxenus 

niger/1 ex., Hydrochus crenatus/1 ex.; 

02.09.2015 – Haliplus immaculatus/6 ex., 

Agabus bipulstulatus/3 ex., Ilybius 

fenestratus/3 ex., Ilybius fuliginosus/2 ex., 

Hygrotus impressopunctatus/1 ex.; 

07.09.2016 - Haliplus heydeni/5 ex., Haliplus 

lineatocollis/3 ex., Ilybius fenestratus/5 ex.; 

06.09.2017 – Peltodytes caesus/2 ex., 

Graptodytes bilineatus/1 ex., Hydroglyphus 

geminus/1 ex., Limnoxenus niger/1 ex.; 

12.09.2018 – Haliplus heydeni/4 ex., 

Helochares lividus/1 ex.; 

11.09.2019 – Noterus clavicornis/2 ex., 

Noterus crassicornis/1 ex., Haliplus 

flavicollis/4 ex.. Haliplus ruficollis/4 ex., 

Hydaticus transversalis/2 ex., Hygrotus 

decoratus/1 ex., Anacaena limbata/1 ex., 

Coelostoma orbiculare/1 ex. 

4 45.995828 19.120612  +  

14.10.2019 – Acilius canaliculatus/4 ex., 

Colymbetes fuscus/1 ex., Graphoderus 

austriacus/1 ex., Hydroglyphus geminus/2 

ex., Hygrotus inaequalis/4 ex., Porhydrus 

lineatus/1 ex.; 

11.08.2021 – Noterus crassicornis/1 ex., 

Acilius sulcatus/3 ex., Agabus guttatus/2 ex., 

Hydroglyphus geminus/1 ex., Enochrus 

affinis/1 ex. 

5 45.993935 20.350071  +  

21.10.2013 – Cybister lateralimarginalis/2 

ex.; 

20.07.2015 – Peltodytes caesus/1 ex., 

Porhydrus obliquesignatus/1 ex., Limnoxenus 

niger/3 ex. 

7 45.763721 20.369458 +   

15.09.2014 – Agabus bipulstulatus/1 ex., 

Hydroglyphus geminus/1 ex., Limnoxenus 

niger/1 ex. 

9 44.993907 21.350377  +  
09.07.2015 – Colymbetes fuscus/22 ex.; 

25.07.2016 – Colymbetes fuscus/16 ex. 

10 45.573680 20.759129  +  
03.08.2021 – Cybister lateralimarginalis/2 

ex. 

13 45.529609 20.289680   + 
27.03.2017 – Hygrotus confluens/1 ex., 

Enochrus halophilus/1 ex. 

14 44.871429 21.473503  +  

10.08.2021 – Potamophilus acuminatus/1 

Lv.;  

17.08.2023 – Macronychus 

quadrituberculatus/4 ex. 

17 45.388033 19.232140 +   
16.09.2014 – Helochares lividus/1 ex.; 

06.07.2015 – Helochares lividus/1 ex. 
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Table 2 Material examined - other regions of Serbia  

Locality 

No. 
Latitude Longitude Stream River Reservoir 

Date - Species/No. of 

specimens  

6 43.956512 21.469463 +   
12.08.2015 – Gyrinus 

colymbus/20 ex. 

8 44.099737 20.005220 +   

04.10.2021 – Agabus 

bipulstulatus/1 ex., Agabus 

nebulosus/1 ex., Hydroporus 

discretus/1 ex. 

11 43.848432 19.710379   + 
07.08.2018 – Graptodytes 

pictus/1 ex. 

12 44.717364 21.534722 +   
11.08.2022 – Hydroglyphus 

geminus/1 ex. 

15 44.646056 21.220032  +  

11.08.2022 – Potamophilus 

acuminatus/1 Lv.; 

15.08.2023 – Potamophilus 

acuminatus/1 Lv. 

16 44.508243 21.323635 +   
24.10.2019 –  Riolus 

subviolaceus/2 ex. 

 

The forty-three aquatic beetle species identified in this study represent an important 

contribution to their distribution in Serbia. This number of species reflects a high aquatic 

habitat heterogeneity in the study area, in a wide variety of water bodies, including lotic and 

lentic waters. Unfortunately, these habitats are currently not only endangered due to climate 

change, but also due to the drying up of several streams, deforestation, and urbanization by an 

intensification of agriculture, infrastructure development, water pollution by fertilizers for 

agriculture, mosquito control, and especially, by wastewaters [9–12]. Some of the found 

species inhabit waters characterized by higher organic pollution regarding total benthic 

invertebrate community composition and structure, representing a somewhat wider ecological 

tolerance of these aquatic beetle species to water pollution. Also, over time probably some 

species gradually became more tolerant to different environmental stress increasing their 

regional range. The small rivers with some aquatic beetle species are near the human 

settlements, particularly in Vojvodina. Bearing in mind some species are restricted to 

unpolluted and unregulated watercourses, the confirmed presence of larval specimens in 

moderately polluted and regulated watercourses, also with HYMO alterations, such those 

from the Bačka and Banat District (the DTD canal system) are situated nearby the human 

settlements could indicate the species wider ecological valence as well as its higher potential 

to colonize still inhabitable habitats in Serbia. 

Aquatic beetle fauna of Serbia, and the Balkan Peninsula, is poorly known due to scarce 

data coverage and probably disjuncted ranges of some species. Also, the morphological 

approach in aquatic beetle taxa identification can lead to misidentification due to highly 

expressed aquatic beetle ecophenotypic variability in some aquatic beetle genera. 

The scarcity of aquatic beetle species in Serbia can be primarily explained by habitat 

degradation and water pollution, particularly in water bodies close to human settlements. 

Considering the low dispersal potential of some aquatic beetle species, habitat fragmentation 

and deterioration are particularly dangerous [13,14]. 

Anthropogenic pressures are particularly expressed in small lowland streams, such as those 

for Vojvodina, primarily communal wastewater and agricultural runoff pollution.  
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CONCLUSION 

The present study adds considerably to the previous knowledge about aquatic beetles of 

Serbia, with new taxa distributional records for 43 species from 27 genera of the entire study 

area, particularly for Vojvodina. The Pannonian part of Serbia is characterized by the high 

diversity of aquatic beetle fauna due to lots of stagnant water habitats with shallow water, 

(canals, wetlands, swamps, ponds, etc.) where primarily predaceous aquatic beetles are 

abundant, and which is corroborated by the present study. 

Conservation of natural resources and biodiversity has become an urgent issue in recent 

years for attaining an environmentally sustainable future. The impact of anthropogenic 

activities on freshwater systems is so adverse that the diversity of species inhabiting them is 

decreasing at alarming rate. The handling of this situation is becoming more difficult due to a 

lack of knowledge regarding their habitat selection. 

The presence of wood debris in water, as a specific microhabitat for xylobiont species is 

necessary for development of larval instars. Also, the presence of aquatic and riparian 

vegetation is necessary for imagos’ foraging. Due to the scarcity of the species findings, their 

disjuncted ranges, and specific ecological requirements, some aquatic beetle species 

nowadays become more vulnerable to pronounced anthropogenic pressures. Thus, adequate 

aquatic habitat conservation is necessary to improve the protection of rare aquatic beetle 

species in Serbia. 

Bearing in mind some aquatic beetle taxa are restricted to unpolluted and unregulated 

watercourses, the confirmed presence of larval specimens in moderately polluted and 

regulated watercourses covered in the present study, also with HYMO alterations, such are 

those from the Bačka and Banat District (the DTD canal system), are situated nearby the 

human settlements could indicate the species wider ecological valence as well as its higher 

potential to colonize still inhabitable habitats in lowland regions of Serbia. 

 

REFERENCES 

[1] Short A.E., Z. Syst. Entomol. 43 (2018) 1–18. 

[2] Jäch M.A., Balke M., Hydrobiologia 595 (2008) 419–442. 

[3] Hering D., Verdonschot P.F.M., Moog O., et al., Hydrobiologia 516 (2004) 1–20. 

[4] AQEM Consortium Manual for the application of the AQEM system, Version 1.0 (2002), 

p.202.  

[5] Olmi M., Coleoptera, Dryopidae, Elminthidae. Fauna d’Italia. 12
th

 ed., Bologna, Calderini, 

(1976), p.280, ISBN: 978-8870191547. 

[6] Friday L.E., A key to the adults of British water beetles, Field Studies Council, 

Cambridge, Darwin College (1988), p.151, ISBN: 978-1851531899. 

[7] Nilsson A.N., Holmen M., The Aquatic Adephaga (Coleoptera) of the Fennoscandia and 

Denmark, Vol. 2, Dytiscidea, Brill (1995), p.192, ISBN: 978-9004104563. 

[8] Miller K.B., Bergsten J., Diving beetles of the world: Systematics and biology of the 

Dytiscidae, JHU Press (2016), p.320, ISBN: 978-1421420547. 



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

429 

 

[9] Bensaad H., Mabrouki Y., Taybi A.F., et al., J. Mater. Environ. Sci. 8 (7) (2017)       

2365–2371. 

[10] Mabrouki Y., Taybi A.F., Bensaad H., et al., J. Mater. Environ. Sci. 7 (1) (2016)       

231–243. 

[11] Taybi A.F., Mabrouki Y., Berrahou A., et al., J. Mater. Environ. Sci. 7 (1) (2016)           

272–284. 

[12] Yahya H.S.A., Taybi A.F., Mabrouki Y., et al., J. Mater. Environ. Sci. 8 (9) (2017) 

3372–3381. 

[13] Ribera I., Biol. Conserv. 92 (2) (2000) 131–135. 

[14] Boukal D.S., Boukal M., Fikáček M., et al., Klapalekiana 43 (Suppl.) (2007) 1–289. 



 

430 

 

 

COMPARING FROST PROTECTION STRATEGIES FOR SUSTAINABLE 

AGRICULTURE IN SLOVENIA 

 

Matej Fike
1*

, Marko Pezdevšek
1
, Andraž Roger

1
 

1
University of Maribor, Faculty of Energy Technology, Hočevarjev trg 1, 8270 Krško, 

SLOVENIA 
*
matej.fike@um.si 

 

Abstract 

This study investigates the economic and practical aspects of various frost protection methods 

employed in Slovenia's agricultural sector, focusing on their financial viability over a projected 

period. Utilizing a combination of empirical data and the Net Present Value (NPV) method, the 

research analyses the cost-effectiveness of traditional and advanced frost protection technologies. The 

findings demonstrate a significant difference in initial investments and ongoing costs between methods 

such as solid fuel heaters, wind machines, and sprinklers. With a special focus on their application in 

a typical Slovenian orchard, this study provides critical insights into how different frost protection 

strategies can be optimized to enhance economic outcomes and sustainability in agriculture. 

Keywords: frost protection, economic analysis, Net Present Value (NPV), Slovenian 

agriculture. 

 

INTRODUCTION 

Frost events pose a critical threat to agriculture with the capacity to severely impact crop 

yields and economic stability. In Slovenia, the recurrence and intensity of these events have 

escalated, pressing the need for efficient and effective frost protection strategies. Agricultural 

practices in Slovenia are highly susceptible to frost damage due to the region's climatic 

conditions, which have become increasingly erratic in recent years. As frost events become 

more frequent and severe, they pose significant challenges to farmers, threatening not only 

immediate crop yields but also long-term agricultural sustainability. 

The economic ramifications of frost damage extend beyond the immediate loss of crops. 

Farmers face substantial financial burdens from decreased yields, reduced quality of produce, 

and the increased costs of recovery efforts. These challenges are compounded by the cyclical 

nature of agricultural production, where a single frost event can have repercussions for 

multiple growing seasons. Consequently, there is an urgent need for effective frost protection 

measures that are both economically viable and capable of protecting crops from frost 

damage. 

This paper examines various frost protection methods through detailed economic analysis 

and empirical data collection from local orchards, assessing both the immediate and long-term 

financial impacts. By comparing traditional practices like wood burning with more 

technologically advanced methods such as sprinklers and wind machines, the study seeks to 

identify the most cost-effective solutions that can protect crops against frost damage while 



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

431 

 

considering the economic constraints faced by farmers. The study employs the Net Present 

Value (NPV) method to evaluate the cost-effectiveness of different frost protection 

technologies, providing a comprehensive financial overview that can aid farmers and 

agricultural stakeholders in making informed decisions. 

Additionally, this research aims to bridge the information gap that often hinders the 

adoption of effective frost protection methods. By presenting empirical data and economic 

analyses, the study offers valuable insights into the practical and financial aspects of various 

frost protection strategies. The goal is to equip farmers with the knowledge needed to invest 

in the most suitable technologies, thereby enhancing their resilience against frost events and 

contributing to the overall sustainability of Slovenian agriculture. Through this comparative 

study, the paper highlights the importance of strategic investments in frost protection, 

advocating for a balanced approach that considers both economic efficiency and the 

effectiveness of protecting crops from frost damage. 

 

DATA AND METHODS 

Frost can cause devastating damage to crops, affecting not only the current season's yield 

but also the long-term viability of agricultural operations. In Slovenia, the frequency and 

severity of frost events have shown a worrying increase in recent decades, making effective 

management strategies essential [1]. As seen on Figure 1, according to survey data, frost 

occurs on average every other year, and when it does, it can destroy up to 50% of the crop 

yield. This high incidence rate underscores the critical need for robust frost protection 

measures [2]. 

 

a) b) 

  
Figure 1 a) How many frosty years have you had in the last ten years? (n=23); b) On average, what 

percentage of your crop was destroyed by frost [%]? (n=21) 

 

Moreover, the economic impact extends beyond the immediate crop loss. The cost includes 

lost future sales, reduced quality of surviving produce, and increased labor and material costs 

for recovery efforts. In some cases, farmers face a cycle of debt and recovery that can last 

several seasons. The survey highlighted that despite the clear risks, many farmers in Slovenia 

have not adopted adequate frost protection strategies, primarily due to cost and a lack of 

information on effective methods. 

Our study focuses on a typical Slovenian orchard, spanning 5 hectares, as modeled by the 

Agricultural Institute of Slovenia [3]. This orchard produces 40 tons of fruit per hectare 
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annually, with apples priced at €0.49 per kilogram. The annual production costs for this 

orchard amount to approximately €17,423 per hectare. From the data we gathered, it's evident 

that a significant frost event is likely to occur once every two years, each lasting about 8 

hours, and potentially damaging up to 50% of the fruit crop. 

To evaluate the economic viability of frost protection methods, we applied the Net Present 

Value (NPV) method, a crucial financial metric [4].  

For our analysis, the initial investment encompasses all upfront costs associated with any 

frost protection equipment needed before the first frost event. We've assumed that the net cash 

flows represent potential savings derived from the protection measures, presuming a 100% 

effectiveness rate to optimize economic outcomes. 

The insights drawn from this economic analysis, detailing the cost-effectiveness of various 

frost protection strategies, are shown in Table 2. The assumed project lifetime for this analysis 

spans 6 years, allowing us to project the long-term benefits and costs of implementing these 

protective measures in the orchard. 

Table 1 provides a detailed breakdown of the annual costs and investment requirements for 

various frost protection methods, offering essential insights into the economic aspects of 

implementing these technologies in agricultural practices. The table shows the initial 

investment costs against the ongoing annual expenses associated with each method, such as 

solid fuel heaters, liquid fuel heaters, sprinklers, wind machines, and helicopters. 

Key points to note include: 

 Initial Investment: This column reveals the upfront costs required to purchase and install 

each frost protection method. For example, wind machines and sprinklers require a higher 

initial investment, reflecting their more complex installation and infrastructure requirements. 

 Annual Cost: This section details the recurring expenses associated with each method, 

covering maintenance, fuel, labor, and other operational costs. It highlights the economic 

sustainability of each method over time, crucial for long-term budget planning. 

The data provided in Table 1 is critical for farmers and agricultural stakeholders to make 

informed decisions about which frost protection methods are most economically viable for 

their specific contexts. By comparing the costs associated with each method, stakeholders can 

assess the balance between initial costs and long-term benefits, leading to more strategic 

investment in technologies that offer optimal protection against frost damage while aligning 

with financial capabilities and goals. 

 

 Table 1 Annual cost and investment data for each protection method 

Protection method Annual cost Investment 

Solid fuel heaters €12,750  €1,200  

Liquid fuel heaters €2,460  €25,000  

Sprinklers €1,015  €37,250  

Wind machines €2,362  €35,000  

Helicopters €8,000  / 

Wood burning €4,680  €1,200  
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RESULTS AND DISCUSSION 

Our economic analysis, detailed in Table 2, confirms the efficacy of various frost 

protection methods within the projected lifetime of the systems. The analysis reveals a clear 

distinction in the financial outlay required by different technologies. High-end solutions like 

sprinklers, wind machines, and liquid fuel heaters entail significant initial investments but 

benefit from lower ongoing operational costs. In contrast, methods such as solid fuel heaters, 

helicopters, and traditional wood-burning involve minimal initial capital outlay but are 

associated with higher variable costs over time. 

 

Table 2 Net present value of different active protection methods 

Protection method Annual cash flow 

(with frost) 

Annual cash flow 

(no frost) 

NPV (6 years) 

Solid fuel heaters €36,350 €0,00 €61,870.10 

Liquid fuel heaters €46,640 €0,00 €93,069.37 

Sprinklers €48,085 €0,00 €88,542.78 

Wind machines €46,738 €0,00 €83,593.17 

Helicopters €41,100 €0,00 €88,458.49 

Wood burning €44,420 €0,00 €105,003.64 

 

Among the methods analyzed, wood burning stands out as the most cost-effective option. 

With the highest net present value of €105,003.64 at the end of the designated project 

lifetime, wood burning offers a compelling balance of cost and efficiency, affirming its 

viability for farmers prioritizing low upfront investment. 

Below, in Figure 2, the NPV of the protection methods is shown. It is clear that most of the 

protection methods give positive cost-benefit results (in this case, the NPV value is greater 

than zero for all analysed protection methods in just one year) after the initial capital 

investment, if calculating using the specified input data. 

 

 
Figure 2 Net Present Value of various active frost protection methods 

 

Additionally, the financial implications of maintaining these systems during periods 

without frost events are minimal to none. Given the short duration of the project analysis, the 
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maintenance requirements for these systems are considered negligible, further enhancing the 

appeal of investing in these frost protection technologies. 

 

CONCLUSION 

The analysis presented in this study highlights the economic disparity between different 

frost protection technologies. While advanced methods like sprinklers and wind machines 

entail higher initial costs, they offer significant long-term savings on operational expenses, 

presenting a viable option for those who can afford the upfront investment. Conversely, 

traditional methods such as wood burning provide a cost-effective alternative with lower 

initial investment but higher ongoing costs. Ultimately, the choice of frost protection strategy 

should align with both the financial capabilities and specific needs of the agricultural 

stakeholders. This study underscores the importance of strategic investments in frost 

protection technologies, advocating for a balanced approach that considers both economic 

efficiency and effectiveness in protecting crops from frost damage. 

 

REFERENCES 

[1] Kodrič I., Lukačič M., Prošek  .,  aščita pred spomladansko po e o, Ministry of 

Agriculture, Forestry and Food of Slovenia, Ljubljana, Slovenia (2006). 

[2] Fike M., Smrekar M., Fekonja M., Journal of energy technology 14(4) (2021) 69–78. 

[3] Agricultural Institute of Slovenia: Model calculations for standard yield crops [Online], 

2020. Available on the following link: https://www.kis.si/Standardni_nabor_1/ (13.5.2024). 

[4] Fike M., Fekonja M., Smrekar M., Journal of energy technology 13(4) (2020) 39–49. 

 



 

435 

 

 

GENE POOL OF FOREST FRUIT TREES IN THE PROTECTED AREA OF THE 

NATURAL MONUMENT “KOŠUTNJAK FOREST” – THEN AND NOW 

 

Filip Maksimović
1
, Marina Nonić

2
, Dragica Vilotić

2
, Ivona Kerkez Janković

2*
,      

Mirjana Šijačić-Nikolić
2
 

1
University of Belgrade, Institute for Multidisciplinary Research, Kneza Višeslava 1,               

11030 Belgrade, SERBIA 
2
University of Belgrade, Faculty of Forestry, Kneza Višeslava 1, 11030 Belgrade, SERBIA 

*
ivona.kerkez@sfb.bg.ac.rs 

 

Abstract 

The Natural Monument “Košutnjak Forest” is a protected area on the territory of the city of Belgrade 

(Serbia). It is located in the immediate vicinity of the city center and covers 265.26 ha of protected 

area, of which 1.31% of the area is under the second degree of protection, and 98.69% is under the 

third degree of protection. The Košutnjak area is home to a large number of different woody species, 

making it exceptionally rich in biodiversity. Among the species that occur in this area, forest fruit trees 

occupy a significant percentage, and their value is reflected in their significant ecological impact, but 

also in their medicinal properties, importance for animal nutrition and landscape beautification. 

Forest fruit trees are less and less present in natural habitats due to anthropogenic influence, biotic 

factors, invasive species, and climate change  which emphasize the need for their conservation. Within 

this research, an overview of forest fruit trees in the area of the Natural Monument “Košutnjak 

Forest” during 1952, 1972 and 2022 was presented. In this area, in the research that was conducted 

in the period from 2019 to 2022, 18 species of forest fruit trees were recorded, 12 of which are native, 

and five belong to the category of rare and endangered, relict or species at risk in the forest fund of 

the Republic of Serbia, which indicates the importance and necessity for their conservation.  

Keywords: Košutnjak, gene pool, forest fruit species, forest genetic resources. 

 

INTRODUCTION 

The Natural Monument (NM) “Košutnjak Forest” is a protected area located on the 

territory of the city of Belgrade (Serbia). This urban forest, located about 6 km from the city 

centre, consists of 265.26 ha of protected area, of which 1.31% is under the second degree of 

protection, and 98.69% is under the third degree of protection. 

A large number of different woody species, with their gene pool, make this area 

exceptionally valuable. They are exposed to the influence of various threatening factors, such 

as anthropogenic impact, the presence of invasive species, biotic factors, pollution, climate 

change, etc., and it is necessary to conserve them now, but also for future generations. Among 

the recorded woody species present in this area, the gene pool of forest fruit trees, which 

occur in smaller groups or as individual trees, has a significant share and ecological impact 

[1]. 
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Forest fruit trees are important for human and animal nutrition, due to their medicinal 

properties and beautifying the landscape [2–4]. Their gene pool is threatened due to excessive 

logging, management activities mainly aimed at economic gain, climate change and other 

impacts, which has resulted in forest fruit trees becoming increasingly rare in their natural 

habitat [5]. For this reason, there is a need to conserve them in natural habitats such as NM 

“Košutnjak Forest”, which is in accordance with the conservation of the biodiversity of forest 

fruit trees of Serbia [1]. 

The aim of this research was to provide an overview of the recorded species of forest fruit 

trees in the area of the Natural Monument “Košutnjak Forest” then and now, i.e. their 

occurrence in 1952, 1972 and 2022. 

 

MATERIALS AND METHODS 

The review of recorded species of forest fruit trees was made based on the results of 

research conducted in 1952, 1972 and 2022 [6–8]. 

For the identification of the gene pool of woody species in the area of Košutnjak, a 

research methodology has been defined [1,8], which includes terrain reconnaissance and 

recording of all species that occur in tree, shrub and ground flora layer, which represents the 

basis for future monitoring, conservation and sustainable use of forest fruit trees on the 

territory of NM “Košutnjak Forest”. The results of a detailed reconnaissance of the terrain and 

the identification of the gene pool of forest fruit trees in the area of NM “Košutnjak Forest”, 

carried out as part of the research study "Identification and monitoring of the gene pool of 

rare, vulnerable and endangered plant species in NM “Košutnjak Forest” and the monograph 

“The gene pool of woody species of NM “Košutnjak Forest”- conservation and sustainable 

use” served as the basis for a comparative review of recorded species of forest fruit trees in 

the area of Košutnjak (2022). The data were compared with the results of previous research 

conducted in Košutnjak in 1952 [6] and 1972 [7]. A tabular review of the recorded species of 

forest fruit trees was prepared, showing the family and genus to which they belong, the origin 

(native or non-native species), as well as the number of sections of MU “Košutnjak” in which 

the species was recorded in 2022. Also, the conservation status according to the IUCN 

categorization is listed for each species. The status in the Red list represents the probability 

that a certain taxon will disappear in the future, and it can be: NE – Not evaluated, DD – Data 

deficient, LC – Least concern, NT – Near threatened, VU – Vulnerable, EN – Endangered, 

CR – Critically endangered, EW – Extinct in the wild, EX – Extinct. 

 

RESULTS AND DISCUSSION 

A comparative overview of recorded species of forest fruit trees in the tree layer in the area 

of Košutnjak, based on research conducted in 1952, 1972 and 2022, is shown in Table 1. 
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Table 1 Overview of recorded species of forest fruit trees in the area of Košutnjak, according to the research conducted in 1952, 1972 and 2022 

Family Genus Species Origin 
IUCN 

status 

Species recorded (year) 

1952 1972 2022 

Total number of sections in 

which the species was 

recorded in 2022 

Cornaceae Cornus 
C. mas L. – Cornel Native LC + + + 44 

C. sanguinea L. – Dogwood Native - + + + 12 

Corylaceae Corylus 
C. avellana L. – Common hazel Native LC - - + 1 

C. colurna L. – Turkish hazel Native LC - - + 9 

Fagaceae Castanea C. sativa Mill. – Sweet chestnut Native LC - - + 1 

Hippocastanaceae Aesculus  A. hippocastanum L. – Horse chestnut Non-native VU - - + 23 

Juglandaceae Juglans 
J. nigra L. – Black walnut Non-native LC - - + 12 

J. regia L. – Walnut Native LC - - + 41 

Moraceae Morus 
M. alba L. – White mulberry Non-native LC - - + 16 

M. nigra L. –Black mulberry Non-native - - - + 2 

Rosaceae 

Crataegus C. monogyna Jacq. – Common hawthorn Native LC + + + 52 

Pyrus P. pyraster (L.) Burgsd. – Wild pear Native LC + + + 26 

Prunus 

P. avium L. – Wild cherry Native LC - - + 62 

P. cerasifera Ehrh. – Cherry plum Native DD - - + 36 

P. serotina Ehrh – Black cherry Non-native LC - - + 2 

P. domesticaL. – Plum Non-native DD - + + 10 

Sorbus 

S. domestica L. – Service tree Native LC - - + 3 

S. torminalis (L.) Crantz – Wild service 

tree 
Native LC + + + 14 

Total species: 5 6 18  
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Based on the overview shown in Table 1, it can be stated that during 1952, five native 

forest fruit trees were recorded: cornel, dogwood, common hawthorn, wild pear and wild 

service tree [6]. After 20 years, in 1972, another native species was recorded – plum [7]. In 

the research conducted in the period from 2019 to 2022, 18 species of forest fruit trees were 

recorded, 12 native and 6 non-native. At that time, the following species were recorded: 

cornel, dogwood, common hazel, Turkish hazel, sweet chestnut, horse chestnut, black walnut, 

walnut, white mulberry, black mulberry, common hawthorn, wild pear, wild cherry, cherry 

plum, black cherry, plum, service tree, wild service tree [8]. 

According to the IUCN Red List of Threatened species, cornel, common hazel, Turkish 

hazel, sweet chestnut, black walnut, walnut, white mulberry, common hawthorn, wild pear, 

wild cherry, black cherry, service tree and wild service tree are classified in the category     

LC – Least concern. There is not enough data for the cherry plum and plum (DD – Data 

deficient), and dogwood and black mulberry are not listed in the IUCN Red List of 

Threatened Species. 

Of the 12 native species of forest fruit trees that were recorded in research conducted from 

2019 to 2022 [1,8], five are classified as rare and endangered, relict or species at risk in the 

forest fund of the Republic of Serbia [9]. These are the following species: walnut – 

rare/endangered species, wild cherry – rare/endangered species, wild pear – at risk, wild 

service tree – at risk, Turkish hazel – tertiary relict. Their status indicates the importance and 

necessity of their conservation, in order to preserve the genetic diversity of vulnerable 

species, and therefore their presence in natural habitats. 

In the research from 2022, based on the criteria of endangerment, the criterion of 

representativeness (charismaticity) and scientific criteria, the following target species of forest 

fruit trees, that significantly contribute to the biodiversity of Košutnjak, and are included in 

the process of conservation strategic planning, were selected: wild cherry, wild pear, service 

tree and wild service tree [1,8,10]. Natural regeneration is difficult for all the species 

mentioned, except for the wild cherry, which rejuvenates well. The conservation of these 

species was started using in situ and ex situ methods [11]. Activities on the in situ 

conservation of these species included the proposal of setting conservation units (with 

georeferencing, mapping and evaluation of representative specimens). Ex situ conservation of 

wild cherry and wild pear was started with the establishment of generative progeny tests in 

the nursery of the Faculty of Forestry, University of Belgrade. A certain number of the wild 

pear and wild cherry seedlings from the generative progeny tests was planted in Košutnjak, 

thus expanding the available gene pool in this area. 

 

CONCLUSION 

Based on the presented overview of recorded species of forest fruit species in NM 

“Košutnjak Forest”, based on the research conducted in 1952, 1972 and 2022, a significant 

increase in their number in this protected area was recorded (from 5 or 6 to 18 species in the 

tree layer, of which 12 are native). Of the 12 native species, almost half are classified as rare 

and endangered, relict or species at risk in the forest fund of the Republic of Serbia. This 
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information indicates the valuable biodiversity of the researched area, but also the necessity 

for the conservation of available genepool of forest fruit trees in NM “Košutnjak Forest”. 

The increase in the number of forest fruit trees in the area of Košutnjak in the past may 

indicate an increased anthropogenic influence, i.e. that a large number of tree species were 

brought to this area by human, which is additionally emphasized by the location of Košutnjak. 

In addition, a considerable number of non-native invasive species have been introduced, 

which also disturb the natural rejuvenation of native forest fruit trees, which may also be 

influenced by other threatening factors that should be taken into consideration. However, the 

fact that the methodology applied in the conducted research was not the completely same 

should be also taken into account, which could also partially affect the evident large 

differences in the number of species. 

The recorded gene pool of forest fruit trees in the area of NM “Košutnjak Forest”, in the 

period from 2019 to 2022, has been georeferenced and mapped, which enables future 

monitoring, conservation and sustainable use, and concrete activities have been started with 

the application of in situ and ex situ conservation methods [1]. 

Particular attention should be paid to forest fruit trees, as a large number of new species 

were recorded for the first time during the research carried out from 2019 to 2022. These 

species have a significant gene pool and contribute to the biodiversity of the entire area, and it 

is necessary to continue conservation measures. 
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Abstract  

Lithium-ion batteries (LIBs) are electrochemical systems consisting of cathodes, anodes, separators 

and electrolytes. Improper treatment of LIBs waste can affect the quality of the environment. On the 

other hand, LIBs waste is a valuable source of many metals. In recent years, intensive efforts have 

been made to develop a hydrometallurgical recycling process for cathode materials, paying particular 

attention to the leaching process. The leaching of cathode material from spent LIBs is a heterogeneous 

reaction occurring at the solid-liquid interface. Various kinetic equations are used to process 

experimental results and determine the kinetic parameters of the leaching process. In this study, an 

overview of systems in which a shrinking core model is applied to describe the leaching process of 

nickel-, manganese- and cobalt-based cathode materials (LiNixMnyCozO2) is given. 

Keywords: LIBs, cathode material, kinetics, heterogeneous reactions. 

 

INTRODUCTION 

Lithium-ion batteries (LIBs) are one of the most significant sources of electrical energy 

due to their favorable properties such as high current density, high specific capacity, wide 

temperature range, low self-discharge rate, and low cost [1]. The advantage of LIBs over 

older generation batteries, such as lead-acid and/or nickel-cadmium batteries, lies in the 

lithium itself. Lithium has the lowest reduction potential of all elements (the redox potential 

of the Li
+
/Li pair is -3.01 V), which means that lithium-based batteries have a high cell 

potential [2]. 

Commercial LIBs consist of cathodes, anodes, separators, and electrolytes. Lithium ions 

diffuse between the cathode and anode, facilitating the movement of electrons. The cathode 

materials of LIBs contain different concentrations of valuable metals depending on their 

structure. The most commonly used cathode materials are lithium cobalt oxide (LiCoO2), 

lithium iron phosphate (LiFePO4), lithium manganese oxide (LiMn2O4), and nickel, cobalt, 

and manganese-based cathode materials (LiNixMnyCozO2) [3]. In recent years, nickel, cobalt, 

and manganese-based cathode materials (NCM) have gained increasing significance and 

usage in the electronics industry. 
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Improper handling of spent LIBs can lead to contamination of soil, water, and air. On the 

other hand, spent LIBs represent valuable waste material for the recovery of valuable metals 

such as lithium, cobalt, nickel, manganese, and/or their compounds [4]. 

The recycling technologies used for the processing of cathode materials from spent LIBs 

can be divided into pyrometallurgical, hydrometallurgical and bio-hydrometallurgical 

processes [5–7]. Pyrometallurgical processes release toxic gases and a large amount of energy, 

and the percentage of material loss is high because the process is carried out at temperatures 

above 1400°C [8]. Biohydrometallurgical processes require a considerable amount of time 

and the presence of microorganisms for efficient incubation [9]. The application of 

hydrometallurgical treatment requires high metal purity, minimal gas emissions and low 

energy consumption. The most important step in the entire hydrometallurgical process is acid 

leaching [4]. 

During the hydrometallurgical process, especially in the leaching of metals from cathode 

material, it is necessary to understand the kinetics of heterogeneous chemical reactions, which 

enables the identification and definition of the appropriate reaction mechanism. The most 

commonly used kinetic models to represent heterogeneous chemical reactions during the 

metal leaching process from cathode material are the shrinking core model, the logarithmic 

model and the Avrami model [10,11]. 

This paper provides an overview of leaching systems in which the shrinking core model 

was used to determine the kinetic parameters of the cathode material leaching process. 

 

KINETICS AND MECHANISM OF LEACHING NICKEL, COBALT, AND 

MANGANESE-BASED CATHODE MATERIAL 

The kinetic equations used to describe the leaching process of cathode material can be 

classified into four models: a model controlled by a chemical reaction (reaction 1), a model 

controlled by a diffusion process (reaction 2), the logarithmic model (reaction 3), and the 

Avrami model (reaction 4) [11]. 

 

1-(1- x)
1/3

= k1t                                                                                                                      (1) 

1 -2/3x - (1- x)
2/3

 = k2t                                                                                                          (2) 

(-ln(1 - x))
2
 = k3t                                                                                                                  (3) 

-ln(1 - x) = k4t
n
                                                                                                                     (4) 

 

where: x - conversion degree; t - leaching time (min); k1, k2, k3, and k4 - rate constants    

(1–4) (min
-1

). 

In order to determine the control level of the process rate, the experimental data must be 

adapted to the existing kinetic equations. A high value for the correlation coefficient (R
2
) 

indicates the level that determines the reaction rate in the process under consideration. The 

value of the activation energy is calculated using the Arrhenius equation. 

Numerous factors affect the kinetics of heterogeneous chemical reactions during the 

decomposition of cathode material, in particular the concentration of the leaching agent, 
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concentration of the reducing agent, temperature, time, and solid-liquid ratio. In addition, the 

pretreatment of the cathode material and the state of battery decomposition can significantly 

influence the metal leaching rate and activation energy values [12]. 

Table 1 contains literature data on the decomposition system of nickel, cobalt and 

manganese-based cathode materials as well as the kinetic equations used to determine the 

activation energy values. The data listed in Table 1 show that the shrinking core model is 

generally used to describe the kinetics and mechanism of leaching of LiNiMnCoO2. 

 

Table 1 Kinetic equations for the leaching process of cathode material  

Cathode 

Material 
Leaching System Kinetic equation 

Activation 

energy 

(kJ/mol) 

References 

LiNixCoxMnxO2 C4H6O6 + H2SO4 + H2O2 1 - (1 - x)
1/3 

= kt 

Li:49.7 

Ni:48.5 

Co:50,0 

Mn:47.6 

[12] 

LiNixCoxMnxO2 NH3 + (NH4)2SO4 + NaSO3 1 - (1 - x)
1/3 

= kt 

Li:62.0 

Ni:76.3 

Co:81.5 

[11] 

LiNixCoxMnxO2 subcritical water + PVDF 1 - (1 - x)
1/3 

= kt 

Li:63.7 

Ni:73.5 

Co:74.9 

Mn:71.8 

[13] 

LiNixCoxMnxO2 H2SO4 +H2S 1 - 2/3x - (1- x)
2/3

 = kt 

Li:23.3 

Ni:28.7 

Co:27.6 

Mn:26.0 

[14] 

LiNixCoxMnxO2 H2SO4 + H2O2 1 - 2/3x - (1- x)
2/3

 = kt 

Li:20,1 

Ni:34,3 

Co:29,9 

Mn:20,8 

[15] 

LiNixCoxMnxO2 C2H2O4 + H2O2 (-ln(1 - x))
2
 = k3t 

Li:9,7 

Ni:11,2 

Co:9,5 

Mn:6,2 

[16] 

LiNixCoxMnxO2 H2SO4 + ginkgo biloba 
1 - (1 - x)

1/3 
= kt 

1 - 2/3x - (1- x)
2/3 

= kt 

Li:23.4 

Ni:74.6 

Co:79.3 

Mn:73.1 

[17] 

 

SHRINKING CORE MODEL 

Chen et al. [12] used the shrinking core model to investigate the dissolution kinetics of 

LiNixMnyCozO2 using sulfuric acid and tartaric acid and with the addition of hydrogen 

peroxide as a reducing agent. 

The leaching mechanism of LiNixMnyCozO2 with tartaric acid can be illustrated by the 

reactions (5–8). If the ratio of cathode material (LiMeO2, where Me represents Ni, Co, and 

Mn) to tartaric acid (H2A) is 2:3, the soluble complex Li2A and the insoluble complexes MeA 

are formed according to reaction 5. 

 

2LiMeO2(s) + 3H2A(aq) + H2O2(aq) → Li2A(aq) + 2MeA(s) + 4H2O(l) + O2(g)                          (5) 



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

 

444 

 

The soluble complex Li2A and the insoluble complexes MeA can be dissolved by adding 

tartaric acid so that the ratio of cathode material to tartaric acid is 1:3. 

 

Li2A(aq) + H2A(aq) → 2LiHA(aq)                                                                                            (6) 

MeA(s) + H2A(aq) → Me(HA)2(aq)                                                                                          (7) 

2LiMeO2(s) + 6H2A(aq) + H2O2(aq) → 2LiHA(aq) + 2Me(HA)2(aq) + 4H2O(l) + O2(g)              (8) 

 

In the leaching of cathode material with tartaric acid, hydrogen peroxide is used to convert 

cobalt and manganese from higher oxidation states (Co
3+

 i Mn
4+

) to lower oxidation states 

(Co
2+ 

i Mn
3+

/Mn
2+

). 

When LiNixMnyCozO2 is leached with tartaric acid, complexes are formed from which 

valuable metals cannot be extracted directly due to the disturbed crystal structure. However, 

the tartaric acid complexes can be easily dissolved by adding sulfuric acid to the leaching 

solution, whereby transition metal sulphates (MeSO4) are formed after the following reaction: 

 

MeA(s) + H2SO4(aq) → MeSO4(aq) + H2A(aq)                                                                          (9)  

 

In order to ensure complete precipitation of the Me
2+

 ions, sodium carbonate is added to 

the resulting sulphates, resulting in transition metal carbonates: 

 

MeSO4(s) + Na2CO3(aq) → MeCO3(s) + Na2SO4(aq)                                                              (10) 

H2A(aq) + Na2CO3(aq)→ Na2A(aq) + CO2(g) + H2O(l)                                                         (11) 

 

Zhu et al. [17] used the shrinking core model to study the leaching kinetics of 

LiNixCoyMn1-x-yO2 in the H2SO4 + Ginkgo biloba system. The leaching mechanism of 

LiNixCoyMn1-x-yO2 cathode material, under the influence of sulfuric acid and Ginkgo biloba 

can be represented by the following reaction: 

 

LiNixCoyMn1-x-yO2 + H2SO4 + GKB → NiSO4 + CoSO4 + MnSO4 + Li2SO4 + OS         (12) 

 

where: GKB - Ginkgo biloba, reducing agent; OS - oxidation product.  

The dissolution mechanism of LiNixCoyMn1-x-yO2 cathode material under the influence of 

sulfuric acid and Ginkgo biloba consists of three main stages [17]: 

 Diffusion of sulfuric acid and Ginkgo biloba molecules to the surface of the cathode 

material by liqued flow, 

 Penetration and diffusion of sulfuric acid and Ginkgo biloba molecules through the 

product layer to the surface of the unreacted core, and 

 Chemical reaction of sulfuric acid and Ginkgo biloba with LiNixCoyMn1-x-yO2 at the 

reaction surface. 
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Wang et al. [11] determined the kinetics and mechanism of leaching of transition metals 

from LiNixCoxMnxO2 using the shrinking core model in the NH3-(NH4)2SO4-Na2SO3 system. 

During the leaching process, Ni
2+

, Co
2+

, and Mn
2+

 ions react with free ammonia to form stable 

amino complexes, corresponding to the following reactions: 

 

             (   )  
                                                                                             (13) 

             (   )  
                                                                                            (14) 

            (   )  
                                                                                               (15) 

             (   )  
                                                                                          (16) 

 

Ammonium sulfate sulphate is used to facilitate the transition of cobalt from a higher 

oxidation state to a lower oxidation state. At temperatures above 70°C, the reduction of 

ammonium sulfate to ammonium sulfite takes place, which facilitates the easier separation of 

manganese compounds [11]. 

 

       
      

 -
    

 -
                                                                           (17) 

              
 -
     (   )   (   )                                                (18) 

 

In addition to the formation of amino complexes, sulfates, carbonates, and oxides can also 

be formed, e.g. Li2CO3, CoSO4, NiSO4, and/or Co3O4. Manganese-amino complexes are 

unstable, and Mn
2+ 

ions can react with CO3
2- 

ions to form stable manganese carbonate 

complexes, according to the following reaction: 

 

  (   ) 
      

 -
                                                                                    (19) 

 

At operating temperatures above 70°C, manganese ions change from the Mn
4+

 oxidation 

state to the Mn
2+ 

oxidation state and form unstable complexes, clathrates, manganese-

ammonium-sulfite hydrates, (NH4)2Mn(SO3)2∙H2O, which leads to reduced manganese 

leaching [11]. 

Nshizirungu et al. [13] investigated the dissolution mechanism of LiNixCoxMnxO2 in a 

polyvinylidene fluoride (PVDF) solution. Based on the shrinking core model, the authors 

assumed that the leaching of the transition metals occurs in two stages. In the first stage, the 

decomposition of PVDF takes place in the aqueous solution in the temperature range of 

270°C–350°C. In the second stage, with an increase in the temperature range (350°C–370°C), 

secondary reactions take place between fluoride and hydroxyl ions. As a result, transition 

metal hydroxides and hydrofluoric acid are formed according to the following reactions: 

 

   (  )   
    -                                                                                          (20) 
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    (  )    
     -    (  )                                                                      (21) 

    (  )    
     -    (  )                                                                       (22) 

    (  )    
     -    (  )                                                                    (23) 

 

CONCLUSION 

Spent lithium-ion batteries are a valuable waste material for the recovery of lithium, cobalt, 

nickel, manganese, and/or their compounds. However, if not handled properly, this type of 

electronic waste can pose a risk to the environment and human health. However, if not treated 

properly, this type of electronic waste can endanger the environment and human health. 

Numerous studies conducted to better understand the systems involved in the recycling 

process of cathode material show that the shrinking core model is often used to describe the 

leaching process. Various systems of organic and inorganic origin and their combinations are 

used as leaching agents. The calculated activation energy values for Li, Ni, Mn, and Co 

indicate that for most systems the process is determined by the chemical reaction between the 

leaching agent and the unreacted particles of LINiMnCoO2. 
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Abstract  

Lead is a very useful element that has found application in batteries, construction, bullets and hunting 

ammunition, it is part of solder and various alloys. It is especially used in piezoelectrics and as a 

shield against radiation. Unfortunately, lead is a potent neurotoxin that accumulates in soft tissues 

and bones over time. Therefore, it is of great interest to control Pb mobility and bio-accessibility by its 

immobilization in a suitable crystal structure. Ceria with fluorite structure could play essential roles 

in lead immobilization. Nanosized Pb-doped ceria (Ce1-xPbxO2) powders (0.1≤ x≤ 0.3) were obtained 

by self-propagating room temperature reaction. X-ray diffraction analysis and field emission scanning 

microscopy results showed that the doped samples are single phase solid solutions with fluorite-type 

structure and all prepared powders were nanometric in size. The thermal stability of solid solution 

was followed by XRD. The mass of Pb [ppm] in the solution with different concentration of Pb in the 

doped ceria after its dissolution in different time intervals at different pH values was measured by 

means of Inductively coupled plasma (ICP) spectroscopy. The TEM investigation showed that pattern 

of CeO2 before and after leaching confirms that samples are single phase CeO2. 

Keywords: lead, immobilization, fluorite structure, stability of solid solution. 

 

INTRODUCTION 

Enhanced industrial activities and human actions in recent times have led to increased 

release of toxic heavy metals into the environment, particularly agricultural lands 1. Lead 

(Pb) is commonly found in polluted soils, and its elevated levels can diminish environmental 

quality, causing reduced crop yields and groundwater contamination, thus posing significant 

risks to human and animal health 2. Consequently, the remediation of contaminated soils is 

a pressing concern for ensuring safe water and food production. 

Various conventional techniques such as excavation, landfilling, and soil washing are 

commonly employed to remediate soils contaminated with heavy metals. However, these 

methods are often time-consuming, expensive, and sometimes not feasible. In contrast, the in 

situ immobilization technique has been anticipated as more environmentally friendly and 

effective for remediating heavy metals from contaminated soils 3,4. One successful 

technique is immobilization, which has been primarily used for nuclear waste. Immobilization 

of heavy metals is the process of converting hazardous waste into a solid form to prevent its 
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release into the environment. This is done to reduce the risk of contamination and facilitate 

safe long-term storage or disposal. The most common method of immobilizing heavy metals 

is the use of suitable crystal lattice structures that can encapsulate and retain these elements. 

In this work the powders were prepared by the self-propagating room temperature reaction 

(SPRT) [5]. This technique gives the possibility of producing very fine powders with very 

precise stoichiometry in accordance with the tailored compositions 6. In addition, it is the 

first time that the results are shown, which evidence formation of solid solution between ceria 

and Pb. These solid solutions were obtained in a form of nanometric powders by applying 

SPRT. The effect of Pb concentration on the thermal and chemical stability of ceria solid 

solution was examined.  

 

MATERIALS AND METHODS 

Nanocrystalline Ce1-xPbxO2-δ (x = 0.0–0.3) powders were synthesized by SPRT method [7]. 

The starting materials for the preparation of Pb immobilization by ceria crystal lattice were 

cerium nitrate hexahydrate, lead nitrate and sodium hydroxide. Used chemicals were 99.9% 

pure as stated by the manufacturer (OLDRICH). The compositions of the starting reacting 

mixtures were calculated according to the nominal composition of the final reaction product, 

according to the equation (1): 

 

[(1-x)Ce(NO3)3·6H2O + xPb(NO3)] + 4NaOH  Ce1-xPbxO2-δ + 4NaNO3 + 6H2O + 2O2            (1) 

 

Synthesis procedure was carried out in an alumina mortar by mechanical activation (by 

hand mixing instead by heating) of reactants for 3–5 min, that allowed rapid progress of the 

reaction at room temperature in the air. After being exposed to air for 2 h, obtained mixtures 

of reaction products according to equation (1) was dissolved in water and subjected to 

centrifugation at Centurion 1020D centrifuge at 4000 rpm, for 10 min. Rinsing procedure was 

repeated four times with distilled water and twice with ethanol, in order to eliminate NaNO3 

from the synthesized powder mixture. Finally, material was dried out at 70C in ambient 

atmosphere. It should be outlined that this is the first time that solid solution powders were 

prepared directly after synthesis procedure was terminated. 

The composition of the Ag-doped ceria was identified by means of powder XRD on a 

Rigaku IV, XRD diffractometer with Cu Kα radiation at room temperature. The present 

phases were identified with the help of the PDXL2 software (version 2.0.3.0) [8], with 

reference to the patterns of the International Centre for Diffraction Data (ICDD) [9], version 

2012.  

Morphology of obtained powders as well as their evolution during calcination was studied 

by the Field emission electron microscope model FE-SEM JEOL-5200F (Japan). The mass of 

Pb [ppm] in the solution with different percentage of Pb in the doped ceria after its dissolution 

in different time intervals at pH 3, pH 7 and pH 11 was measured by means of inductively 

coupled plasma optical emission spectrometry instrument (ICP-OES, ARCOS FHE12, 

SPECTRO, Germany), according to the manufacturer's instructions. 
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The conventional and high-resolution (HR) transmission electron microscopy 

(TEM/HRTEM) analyses were carried out using the FEI Talos F200X microscope (Thermo 

Fisher Scientific, Waltham, MA, United States) operating at 200 kV. The elemental 

composition and change of Pb content before and after teaching is investigated by an energy-

dispersive X-ray spectroscopy (EDXS) system. 

 

RESULTS AND DISCUSSION 

As-synthesized Pb immobilized in CeO2 matrices, presented in Figure 1, revealed low 

intensity diffraction reflections in each sample and their significant broadening indicating 

small crystallite size. The obtained materials depicted explicit features of cubic fluorite crystal 

structure (space group 225), known as cerianite phase (JSPDS-ICDD 34-0394). The ceria 

peak shape of the plane reflections in the obtained samples broadened, with increasing Pb 

doping, respectively. 
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Figure 1 X-ray diffraction patterns of synthesized Ce1-xPbxO2-δ nanopowders at room temperature 

 

The typical morphology of obtained solid solution is shown at Figure 2. As synthesized 

powders depict very small isometric particles which are agglomerated in the form of spheres. 

Roughly measured, the size of individual particles was about 5 nm, while the agglomerated 

spheres were about 100–150 nm. 

In order to examine the stability of Pb immobilized in CeO2 matrices (solid solutions), the 

samples Ce1-xPbxO2-δ (x = 0.0–

for 1 h (Figure 3). All solid solutions throughout the entire range of Pb concentrations show 

stability at 600°C. With further temperature increase to 900°C, solid solutions with 15% Pb 

are also stable; however, at higher concentrations exceeding 15% of Pb (20 and 30%), the 

separation of PbO phase occurs at 900°C. This confirms that the thermal stability of such a 

solid solution decreases with temperature. 
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Figure 2 Typical FE SEM of obtained of Ce1-xPbxO2-δ nanopowders at room temperature 
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Figure 3 X-ray diffraction pattern of Ce1-xPbxO2-δ nanopowders calcined at a) 600; b) 900C:  

*
 -(PbO). Unmarked peaks belong to the fluorite structure 

 

The chemical stability of immobilized lead in the matrix of cerium fluorite lattice was 

monitored at various time intervals at 3 different pH levels (3, 7, and 11), which is given in 

the Figure 4. 

It is evident that under basic conditions, immobilized Pb is stable, while in neutral 

medium, it is partially soluble and highly soluble (around 20%) in acidic conditions. In the 

case of higher concentrations of Pb in the cerium matrix, this trend is even more pronounced. 

Specifically, in acidic conditions, almost 90% of Pb is dissolved after 30 hours, while in basic 

conditions, only 1.6% is dissolved in the same period (Table 1). 

Considering that the highest concentration was 30% Pb, that sample was examined using 

TEM before and after Pb dissolution.  

The TEM investigation of CeO2 showed agglomerated nanoparticles (Figure 5a and b) with 

particle size of only few nanometers. The particle size observed with HRTEM matches the 

calculated particle size of 2.98 nm from XRD patterns. The HRTEM image (inset of Figure 

5a) reveals the lattice fringes corresponding to (1 1 1) plane of CeO2 with d spacing of 0.331 

nm before leaching of Pb. The selected area electron diffraction (SEAD) pattern of CeO2 
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before and after leaching confirms that samples are single phase CeO2 and they are presented 

as insets of Figure 5 a,b. The SEAD pattern exhibits serious of rings corresponding to the 

respective (1 1 1), (2 0 0), (2 2 0) and (3 1 1) planes of CeO2 nanoparticles. The elemental 

composition and change of Pb content before and after teaching is investigated by EDS. EDS 

shows that the content of Pb is 15 at% before leaching and dropping to 4 at% after leaching. 

Beside the change of Pb content observed in EDS spectrum of the sample, the change of 

interplanar distance of (111) plane from 0.331 to 0.327 nm is also observed, confirming that 

the Pb cations are leached out from CeO2 structure. 
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Figure 4 Dissolved Pb in mass percentages in the solution of the sample with 10% Pb after its 

dissolution at various time intervals at pH 3, pH 7, and pH 11 

 
Table 1 Pb dissolution (mas.%) in the sample solution with 30% Pb after its dissolution at 

different time intervals at pH 3, pH 7 and pH 11 

Time (h) pH 3 pH 7 pH 11 

2 62 18 1.6 

6 69 32 1.6 

12 77 34 1.6 

20 85 42 1.6 

30 90 46 1.6 

 
a) b) 

  
Figure 5 TEM spectra of Ce0.7Pb0.3O2-δ solid solution a )before; b) after leaching (pH 3) 
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CONCLUSION 

Single Pb-ceria solid solutions were synthesized by self-propagating room temperature 

method (SPRT). XRD and TEM spectroscopy confirmed the pure solid solutions.  

The solid solubility of Pb into ceria lattice was the topmost reported so far. Average 

crystallite size of the powders was less than 5 nm.  

The thermal stability of solid solutions are stable till 600C, after that it decreases with 

increasing the amount of Pb concentration at 900C  

These results demonstrate the highly effective room temperature immobilization of Pb in 

the form of ceria solid solutions using the SPRT method. 
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Abstract  

Advances in lithium-ion battery (LIB) technology have facilitated its widespread use, including in 

electric vehicles and electronic devices. However, with the increasing use of LIBs, the risk of thermal 

runaway is also increasing. This article explains the causes and mechanisms of thermal runaway in 

LIBs and the possible consequences of this process. One way to mitigate the risk of thermal runaway 

is to improve battery design to minimise internal defects and increase thermal stability. In addition, 

the development of advanced thermal management systems capable of detecting and controlling 

thermal anomalies can be crucial. Understanding the causes and consequences of thermal runaway in 

LIBs is essential for their further development and safe application in various fields. 

Keywords: LIBs, thermal runaway, mechanism. 

 

INTRODUCTION 

Lithium-ion batteries (LIBs) have become a key power source for a wide range of 

electronic devices and electric vehicles due to their high energy density, long lifespan, and 

low greenhouse gas emissions [1–3]. Over time, lithium-ion batteries have gradually replaced 

lead-acid batteries, nickel-metal hydride batteries, and nickel-cadmium batteries [4,5]. 

However, as the use of LIBs expands, awareness of their potential safety risks also grows. 

Lithium-ion batteries usually consist of two intercalation materials that form the cathode 

and the anode in the electrochemical cell. To avoid short circuits, the cathode and anode are 

separated by a porous membrane, the separator. The separator is impregnated with an 

electrolyte that facilitates the diffusion of lithium ions between the electrodes [6]. 

During the battery charging process, oxidation and reduction occur at the cathode and 

anode, respectively. Li
+
 ions are released from the cathode structure, move through the 

electrolyte, receive energy from the source, and are inserted into the anode structure, 

according to the following reactions [7,8]: 

 

Cathode reaction: LixCoO2 → CoO2 + xLi + xe
-
 (Co

4+
 to Co

3+
)                                         (1) 

 

Anode reaction: Graphite + xLi
+
 + e

-
 → LixC6                                                                   (2) 
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During the battery discharge process, Li
+
 ions are released from the anode structure, move 

through the electrolyte, generate energy, and are inserted into the cathode structure, as shown 

in reactions 3 and 4 [7,8]: 

 

Cathode reaction: CoO2 + xLi + xe
-
 → LixCoO2 (Co

4+
 to Co

3+
)                                        (3) 

 

Anode reaction: LixC6 → Graphite + xLi
+
 + e

-
                                                                   (4) 

 

The overall reaction that take place in the battery during the charging and discharging 

process can be represented by the following reaction [7,8]: 

 

Summary reaction: yC + Li(Z)O2 ↔ LixCy + Li(1-x) + (Z)O2                                                (5) 

 

where: x ~ 0.5; y = 6; Z can be cobalt, manganese or nickel. 

Thermal runaway is a serious safety issue in LIBs where an irreversible process occurs 

within the battery that is accompanied by an increase in temperature that can lead to a fire or 

explosion. Understanding the causes and consequences of thermal runaway is critical to 

improving the safety of LIBs and minimising potential risks to users and the environment. 

This paper aims to provide an overview of the main factors that contribute to thermal 

runaway in LIBs and the possible consequences of this process. By analysing relevant 

literature and research, the focus will be on the mechanisms by which thermal runaway 

occurs, factors that influence the likelihood of this process, and strategies to prevent and 

overcome this challenge. 

 

THERMAL RUNAWAY IN LITHIUM-ION BATTERIES  

Thermal runaway is a process of uncontrolled temperature increase. In the context of 

batteries, thermal runaway can occur when the battery generates more heat than it can 

dissipate. The excess heat can accelerate chemical reactions within the battery, causing the 

temperature to increase, which can lead to a fire or even an explosion [9–11]. 

In practise, improper handling of LIBs often leads to the triggering of thermal chain 

reactions within the cell, resulting in the decomposition of battery components, the emission 

of toxic gases and even an explosion. Figure 1 shows the most common causes and possible 

consequences of thermal reactions within the battery. 

Figure 1 shows numerous causes that can lead to thermal runaway in LIBs. The first cause 

can be physical damage to the battery, overload, overcharge/discharge or other factors that 

cause a localised temperature increase. As the battery heats up, the rate of chemical reactions 

within the battery can increase. The intense chemical reactions within the battery release 

gases that can increase the internal pressure and cause the battery to expand or even explode. 

If the battery explodes or ignites, it can react with the oxygen in the air, resulting in a more 

intense fire [12]. 
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The improper use of LIBs not only leads to economic losses, but can also have a negative 

impact on human health and lives. Careful handling of LIBs is required at all times, as 

incorrect handling can lead to numerous side reactions and the formation of various chemical 

compounds. Thermal decomposition of chemical compounds releases toxic gases that can 

lead to health problems such as chronic damage, paralysis and even death. 

 

 
Figure 1 Causes and possible consequences of thermal runaway in LIBs 

 

Different types of lithium-ion batteries release different concentrations of gases when the 

electrolyte ignites and the cell decomposes. Table 1 shows the concentrations of gases emitted 

during the thermal decomposition of LIBs consisting of different types of cathode materials 

[12]. 
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Table 1 Gas composition resulting from thermal runaway in commercial LIBs [12] 

Gas Unit 
Cathode material 

a
LCO/NMC 

b
NMC 

c
LFP 

H2 mol % 30.0 30.8 30.9 

CO2 mol % 24.9 41.2 53.0 

CO mol % 27.6 13.0 4.8 

CH4 mol % 8.6 6.8 4.1 

C2H4 mol % 7.7 8.2 6.8 

C2H6 mol % 1.2 / 0.3 
a
lithium cobalt oxide/lithium nickel cobalt manganese oxide; 

b
lithium nickel cobalt manganese oxide;         

c
lithium iron phosphate. 

 

MECHANISM OF THE THERMAL RUNAWAY OF THE LITHIUM-ION 

BATTERIES 

The thermal runaway of LIBs consists of several phases. In each phase, exothermic 

reactions take place, not necessarily one after the other, but often simultaneously. 

Understanding the mechanisms of thermal runaway not only helps to identify key problems in 

the operation of LIBs, but also enables the development of preventive measures and 

technologies that can minimise the risk of such an incident. 

In the first phase, when the temperature inside the battery rises to 70–90°C, the film at the 

solid electrolyte interface (SEI) decomposes and the following reactions can take place     

[12–15]: 

 

(CH2OCO2Li)2 → Li2CO3 + C2H4 + CO2 + 0.5O2                                                              (6) 

2Li + (CH2OCO2Li) → 2Li2CO3 + C2H4                                                                            (7) 

 

In the second phase, a reaction occurs between the electrolyte and the anode. From the 

anode, the intercalated lithium reacts with organic electrolytes, and the process is 

accompanied by the formation of flammable gases and a further temperature increase [14,15]: 

 

2Li + C3H4O3(EC) → Li2CO3 + C2H4                                                                                 (8) 

2Li + C4H6O3(PC) → Li2CO3 + C3H6                                                                                 (9) 

2Li + C3H6O3(DMC) → Li2CO3 + C2H6                                                                           (10) 

 

In the third phase, at temperatures above 130°C, the separator melts because it is made of 

polyethylene (PE)/polypropylene (PP). As a result, a series of internal short circuits occur 

between the electrodes (and the voltage at the battery terminals drops to zero volts), and the 

energy accumulated in the battery through charging is released. This leads to a further 

increase in temperature in the battery [15]. 

In the fourth phase, with a further increase in temperature, the active cathode materials 

begin to decompose, and oxygen is released. With a cathode made of LiMeO2 where M stands 

for the composition of Ni, Co, and Mn, for example, the following reactions occur [16]: 
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3x LiMO2 + 2(1 - x)MO2 → 3x LiM2O4 + (1 - 2x)M3O4 + (1 - 2x)O2                               (11) 

6x LiM2O4 + 2(1 - 2x)M3O4 → 6x LiMO2 + 6(1 - x)MO + (1 + x)O2                               (12) 

2MO2 → 2MO + O2                                                                                                           (13) 

 

The oxygen released during the reactions (11–13) can react with electrolytes in LIBs. For 

example, the combustion of ethylene carbonate (EC) can be represented by the following 

reaction [15]: 

 

2.5O2 + C3H4O3(EC) → 3CO2 + 2H2O                                                                            (14) 

 

In the fifth phase, the electrolyte not only reacts with the electrodes, but is also degraded at 

temperatures of 200–300°C. In the case of diethyl carbonate (DEC), for example, the 

following reactions occur [15,17]: 

 

LiPF6 → LiF + PF5                                                                                                           (15) 

C2H5OCOOC2H5 + PF5 → C2H5OCOOPF4 + HF + C2H4                                               (16) 

C2H5OCOOPF4 → PF3O + CO2 + C2H4 + HF                                                                (17) 

C2H5OCOOPF4 → PF3O + CO2 + C2H5F                                                                       (18) 

C2H5OCOOPF4 + HF → PF4OH + CO2 + C2H5F                                                           (19) 

 

In addition to the reactions already mentioned, reactions between the binder and the battery 

components can also occur during thermal runaway in LIBs. Polyvinylidene fluoride (PVDF) 

and carboxymethyl cellulose (CMC) are most commonly used as binders in lithium-ion 

batteries [14]: 

 

─CH2─CF2 + Li → LiF + ─CH=CF─ + 0.5H2                                                               (20) 

CMC─OH + Li → CMC─OLi + 0.5H2                                                                            (21) 

 

Other mechanisms by which thermal runaway occurs can also be found in the scientific 

literature; however, only the most frequently investigated chemical reactions are presented in 

this paper. 

 

CONCLUSION 

Thermal runaway is a serious challenge in the operation of LIBs, and its causes and 

potential consequences are topics of great interest to researchers and industry. In this review 

paper, several key causes of thermal runaway were identified, including overcharge/discharge, 

short circuits, mechanical damage, and high temperatures. In addition, the potential 

consequences of thermal runaway were analysed, including physical damage to LIBs and the 

emission of flammable gases that can cause fires and explosions. 
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To effectively manage the risks of thermal runaway, advanced detection and control 

technologies must be developed and battery designs improved to increase resilience to these 

challenges. In addition, continuous research and development of new materials and 

technologies are crucial to reduce the risk of thermal runaway and increase the safety of LIBs. 

Studying and understanding the mechanisms of thermal runaway in LIBs plays a crucial 

role in ensuring the safe and reliable use of this technology in various applications, from 

mobile devices to electric vehicles and renewable energy sources. 
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Abstract  

An oak tree sawdust was modified by a simple ultrasonically assisted synthesis method with alumina. 

Wood-alumina sorbent was used for chromium (VI) ions removal from water. The kinetics and 

equilibrium study of sorption process was studied in detail. The sorption mechanism was best 

described by Langmuir isotherm followed pseudo-second order kinetics and the maximal sorption 

capacity was 104.2 mg/g. The application of obtained sorbent presents very fast sorption with high 

removal efficiency of chromium. 

Keywords: wood sawdust, ultrasound modification, alumina, chromium removal. 

 

INTRODUCTION 

In the past few decades, the removal of chromium (VI) from water and wastewaters has 

been a technological and scientific problem due to its toxicity [1]. Chromium (VI) 

wastewaters are mainly generated from a variety of industries including: leather tanning and 

pigment manufacturing, metal finishing, electroplating [2].  

Various treatment methods and techniques, such as: precipitation, membrane separation, 

ion exchange, coagulation, solvent extraction, electroplating, photocatalytic reduction, have 

been used for chromium (VI) ions removal [3]. However, these methods and techniques have 

limitations including high demand energy and chemicals, high cost, low efficiency, and 

generation of toxic sludge [4].  

Sorption processes could be used as alternative for removal of chromium (VI) from 

wastewater due to its simplicity, low cost, high efficiency, and eco-friendliness [5]. Novel 

sorbents synthesized using sawdust, which is a typical waste product from wood processing 

and furniture industry, have become widely used materials, because it is abundant and 

biodegradable waste and displays a unique porous microstructure [6]. 

The main idea of this study was the application of the kinetics and isotherm models for the 

determination of the sorption mechanism, equilibrium, and sorbent capacity of chromium (VI) 

sorption from water using novel sorbent synthesized using ultrasonic assisted modification of 

the oak tree sawdust with alumina. 
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MATERIALS AND METHODS 

Reagents 

K2Cr2O7 was obtained from Sigma-Aldrich (USA) and used without any purification. 

Al(NO3)3∙9H2O and NaOH were of analytical grade and purchased from Merck (Germany).  

Sorbent preparation 

The oak tree sawdust was collected from furniture manufacturing in Eastern Serbia. Firstly, 

sawdust was separated by size and the 0.4–0.8 mm fraction was washed with deionized water 

several times. Then the sawdust was alkali-treated by 0.5M NaOH for 90 min and after that 

washed with deionized water several times to remove the excess of NaOH until the filtrate 

had a pH near 7. The 10 g of sawdust was added to the solution prepared by dissolving 1.0 g 

of Al(NO3)3·9H2O in 100.0 cm
3
 of water, stirred for 30 min at room temperature and 

sonicated in the ultrasonic bath for 30 min, then washed with ultrapure water four times and 

dried for 120 min at 55.0°C. 

Procedure 

Daily prepared chromium (VI) ions solutions were obtained by diluting of the stock         

(1.00 g dm
-3

). Solutions of chromium (VI) ions were mixed with 2.0 g dm
-3

 sorbent at pH 2.0. 

pH adjustment was done using NaOH and HNO3 solutions. The aliquots of the chromium 

(VI) ions solution were taken before the sorption started (0 min), and after periods of time (1, 

5, 10, 20, 40, 60, 90, 120 and 180 min). The diphenyl carbazide method was used for 

determination of residual chromium (VI) concentration [7] at 540 nm on a UV-Vis 

spectrophotometer (UV-1800, Shimadzu, Japan). The sorbed amount qt (mg g
-1

) of chromium 

(VI) was calculated using equation: 

 

   
         

 
                                                                                                                        (1) 

 

where c0 and ct are the starting and final concentrations of the chromium (VI) ions           

(mg dm
-3

), respectively, V is volume of the solution (dm
3
) and m is mass of the sorbent (g). 

Sorption modelling 

The kinetic and isotherm studies were carried out in the range of initial chromium (VI) 

ions concentration from 10.0 to 500.0 mg dm
-3

 with 2.0 g dm
-3

 sorbent dose. Two kinetic 

models: pseudo-first order kinetic model [8] and the pseudo-second order kinetic model [9] 

and tree isotherm models: Langmuir isotherm model [10], Freundlich isotherm model [11] 

and Sips isotherm model [12], were applied for kinetic and equilibrium studies of chromium 

(VI) ions removal using wood-alumina sorbent. The nonlinear equations (Table 1) of the 

kinetics and isotherms models were used for determination of the sorption process 

parameters, since the nonlinear forms are more suitable than their linear forms for the 

modelling [13].  
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Table 1 Kinetics and isotherms model equation 

Model Equation Description and units 

Pseudo-first order                 k1 – pseudo-first order rate constants (1 min
-1

) 

Pseudo-second 

order  
    

  
    

       
 k2 – pseudo-first order rate constants (g mg

-1
 min

-1
) 

Langmuir isotherm      
      

      
 

qm – maximal sorbent capacity (mg g
-1

) 

KL – Langmuir constant (dm
3
 mg

-1
) 

Freundlich 

isotherm         

 
  

KF – Freundlich constant (dm
3
 mg

-1
) 

1/nF – Freundlich exponent 

Sips isotherm      
      

   

      
   

 

qm – maximal sorbent capacity (mg g
-1

) 

KS – Sips constant (dm
3
 mg

-1
) 

1/nS – Sips exponent 

 

RESULTS AND DISCUSSION 

Kinetic study 

The obtained results and determined values of the application of the pseudo-first order 

model and the pseudo-second order model are presented in Table 2 and Figure 1.  

 

Table 2 Kinetic parameters for chromium (VI) sorption onto wood-alumina sorbent 

Model Parameter Value 

Experimental 
c0  10.0 25.0 50.0 100.0 250.0 500.0 

qe, exp  4.99 12.49 24.95 49.89 102.8 104.59 

Pseudo-first order 

qe, cal  5.04 12.37 23.83 47.48 96.03 96.15 

k1 0.179 0.136 0.110 0.089 0.050 0.062 

r2 0.993 0.982 0.973 0.955 0.935 0.919 

Pseudo-second order 

qe, cal  5.00 12.50 25.00 50.00 105.06 107.91 

k1 0.281 0.221 0.159 0.119 0.066 0.053 

r2 0.999 0.998 0.998 0.995 0.994 0.994 

 

The qe values for chromium (VI) ions sorption onto wood-alumina sorbent obtained by the 

pseudo-first order model and the pseudo-second order model are similar to the experimentally 

obtained values. The qe values for the pseudo-second order kinetic model are closer to the 

experimental qe values and the r
2
 values for the pseudo-second order model (0.999–0.994) are 

relatively higher than the r
2 

for the pseudo-first order model (0.993–0.919). The pseudo-first 

order model describes well experimental results obtained at lower ions concentrations because 

of the plenty free active sites on the sorbent surface, but at higher chromium (VI) ions 

concentrations the pseudo-first order model cannot be applied due to the saturation effect.  

The results showed that the pseudo-second order model fits better obtained results than the 

pseudo-first order model for chromium (VI) ions sorption onto wood-alumina sorbent because 

the pseudo-second order model has a higher r
2 

and qe values are closer to the experimentally 

obtained in all cases, so this model is preferable for the investigation of chromium (VI) ions 

sorption. This means that the sorption of chromium (VI) onto wood-alumina sorbent is 

dependent on the amounts of chromium (VI) ions in the solution and sorbed on the sorbent 

surface at equilibrium. The rate-limiting step of chromium (VI) sorption onto wood-alumina 



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

463 

 

sorbent was probably occurs by electrons sharing or exchanging between sorbent and 

chromium (VI) ions [14]. 

 

 
Figure 1 Kinetic study for chromium (VI) onto wood-alumina sorbent: a) Pseudo-first order model;  

b) Pseudo-second order model 

 

Equilibrium study 

The obtained results and determined values of the application of the Langmuir, Freundlich 

and Sips models are presented in Table 3 and Figure 2.  

 

Table 3 Isotherm parameters for chromium (VI) sorption onto wood-alumina sorbent 

Model Parameter Value 

Langmuir 

qm 104.2 

KL 3.598 

r2 0.996 

Freundlich 

KF 45.06 

nF 6.296 

r2 0.867 

Sips 

qm 103.9 

KS 3.865 

nS 0.99 

r2 0.995 

 

The highest r
2
 was for the Langmuir model (>0.99) which indicates that the Langmuir 

model can better define chromium (VI) sorption onto wood-alumina sorbent than the 

Freundlich model which has lower values of r
2
 (0.867). This means that the chromium (VI) 

sorption took place in monolayer and after saturation of the layers no further sorption occurs. 

The obtained sorbent capacity of the Langmuir model was 104.2 mg g
-1

 (Table 2).  

The r
2
 of the Freundlich model was 0.867, so this model does not describe well the 

experimental results (Table 3), but the value of the exponent nF (6.296) in the Freundlich 

model, which is associated to the distribution of the sorption energy, lies between 1 and 10 

meaning that the sorption process is favourable (Table 3) [15].  



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

 

464 

 

 
Figure 2 Isotherm study for chromium (VI) onto wood-alumina sorbent 

 

The Sips model has also very high r
2
 values (0.995) and almost the same qe values      

(103.9 mg g
-1

) for chromium (VI) ions sorption onto wood-alumina sorbent compared to 

experimental qe values (Table 3), meaning that the Sips model also well describes the 

experimental results. The Sips model present a combination form of the Langmuir and 

Freundlich model, whereby at lower sorbate concentration the Sips model is reduced to the 

Freundlich model, while at higher sorbate concentration the Sips model overcomes the 

limitation of the Freundlich model and is reduced to the Langmuir model which refers to 

properties of monolayer sorption. The value of heterogeneity factor of the Sips model ns 

(0.99) was close to 1, meaning that wood-alumina sorbent has approximately homogenous 

binding sites. This practically means that if ns is close to 1, then the Langmuir model will be 

favoured, and the Sips model is successfully reduced to the Langmuir model, so the obtained 

equilibrium results for the chromium (VI) sorption onto wood-alumina sorbent can be 

effectively fitted by the Langmuir model [3]. 

 

CONCLUSION 

A novel wood-alumina sorbent was obtained via ultrasonically assisted synthesis method 

using oak tree sawdust and alumina. The sorption process of chromium (VI) onto wood-

alumina sorbent followed the pseudo-second order model, meaning that the sorption of 

chromium (VI) onto wood-alumina sorbent is dependent on the amounts of chromium (VI) 

ions in the solution and sorbed on the sorbent surface at equilibrium. The Langmuir model 

best describes the experimental results and the maximal sorption capacities of the wood-

alumina sorbent for chromium (VI) sorption is 104.2 mg g
-1

, which presents potential material 

for chromium (VI) from water. 
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Abstract 

This paper investigates the influence of ageing parameters (temperature and time) on the 

microhardness, electrical conductivity and structural properties of two Al-Mg-Si aluminium alloys. 

After the applied heat treatment, both microhardness and electrical conductivity were measured. 

Optical microscopy was used to investigate the microstructures after ageing. The heat treatment 

began by solutionizing the samples at 550°C for 1 hour, followed by quenching in ice water. Samples 

were then aged at two separate temperatures, 180°C and 200°C, for 1–8 hours. The results indicate 

that with the increase in ageing time, the microhardness gradually increases up to a maximum and 

then decreases, while the electrical conductivity continuously increases. Analysis on the optical 

microscope shows that with longer ageing, there is precipitation of a larger amount of the 

strengthening phases due to more intense diffusion of alloying elements from the solid solution. 

Keywords: Al-Mg-Si, microhardness, electrical conductivity, ageing, microstructure. 

 

INTRODUCTION 

The EN AW-6082 and EN AW-6060 aluminium alloys are two of the several alloys that 

make up the Al-Mg-Si alloy system. These alloys have garnered the interest of researchers 

because of their technical significance and observable increase in hardness as a result of 

precipitation hardening [1–3]. Ageing (precipitation) can improve mechanical and structural 

properties as well as properties such as electrical conductivity [4,5]. Samples have to be 

solutionized, quenched, and then aged in order to cause precipitation hardening. During the 

ageing process, precipitates form in accordance with the previously established precipitation 

sequence, which may be written as: αssss (supersaturated solid solution) → Mg:Si clusters → 

GP zones (pre-β'') → β′′ → β′ → β (Mg2Si) [6–9]. The change in mechanical, electrical, and 

structural properties is caused by the precipitation of different metastable phases, mainly β'' 

precipitates [9]. Because of their incoherency with the matrix, formed precipitates cause 

significant lattice deformation, which reduces dislocation mobility and enhances the alloy's 

hardness [7]. Al-Mg-Si alloys are often aged for an extended period of time at temperatures 
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below 200°C in order to achieve proper hardening. Numerous investigations focused on the 

impact of ageing time on mechanical, structural, and other properties, as demonstrated by 

numerous works [2,3,8–11]. Both investigated alloys can become excellent candidates for the 

manufacturing of overhead electrical wires that require high strength in addition to good 

electrical properties. Consequently, several researchers have investigated the impact of 

precipitation on the electrical properties of the Al-Mg-Si alloys [4,5,12]. It can be inferred 

from the analyzed literature that electrical and mechanical properties are significantly affected 

by ageing parameters, which emphasizes the importance of continuing research in this area. 

Consequently, we concentrated our attention on studying the ageing characteristics, which 

comprised two ageing temperatures: one conventional (180°C) and one greater than the 

conventional (200°C). Microhardness, electrical conductivity and microstructure were 

examined after the samples were aged for one to eight hours at each of the two ageing 

temperatures. 

 

MATERIALS AND METHODS 

The aluminium alloys EN AW-6060 and EN AW-6082 were selected for this study. The 

alloys were delivered in T6 (aged) condition in the form of extruded rectangular bars. The 

"Belec Compact Port" optical emission spectrometer was used to determine the chemical 

composition of the investigated alloys. Table 1 reveals the results of the chemical analysis. 

All samples were annealed at 550°C for 6 hours in the electric resistance furnace Heraeus    

K-1150/2 and cooled in air to eliminate the as-received (aged) condition. In order to produce a 

supersaturated solid solution (αssss), the samples were heated to 550°C for an hour and then 

quenched in icy water. This was done in order to prepare the samples for the ageing process. 

Samples were isothermally aged at 180°C and 200°C for one to eight hours post-quenching. 

The properties of the aged samples were compared with those of the as-quenched samples 

(in the Figures marked as quenched state). Following the heat treatment, the samples 

underwent several analyses. Vickers microhardness values were measured using a 0.1 kg 

force and a 15-second dwell duration on a PMT 3 microhardness tester. The Sigmatest type 

2.063 conductivity tester was used to measure the electrical conductivity values. Every 

measurement that is given was done at room temperature. All sample surfaces were ground to 

eliminate oxides before measurements. The samples have been analysed metallographically 

using the Carl-Zeiss Jena Epytip 2 optical microscope. The samples were prepared by wet 

grinding on an assortment of SiC papers and polishing with two different alumina suspensions 

containing different Al2O3 granulations (0.3 μm and 0.05 μm). The samples were etched by 

immersion in Dix-Keller solution in order to reveal the microstructure.  

 

Table 1 Chemical compositions of the investigated alloys (wt. %) 

EN AW-6060 EN AW-6082 

Si Fe Cu Mn Mg Cr Ni Si Fe Cu Mn Mg Cr Ni 

0.49 0.182 0.012 0.06 0.594 <0.03 0.028 0.807 0.354 0.042 0.453 0.696 <0.012 0.012 

Zn Ti V Co Sn Zr Al Zn Ti V Co Sn Zr Al 

0.01 0.05 0.014 <0.003 <0.003 <0.003 98.62 0.115 0.25 <0.003 0.006 <0.003 <0.003 97.45 
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RESULTS AND DISCUSSION 

The microhardness values of the investigated alloys during isothermal ageing are shown in 

Figure 1. It is evident from the graphs in Figure 1 that the microhardness values are 

significantly influenced by ageing. The microhardness of the aged samples gradually 

increases to a maximum and subsequently decreases with an increase in ageing time. The 

samples reached maximal microhardness values after ageing for five hours at 180 °C for the 

EN AW-6060 and for six hours for the EN AW-6082 alloy. 

For the EN AW-6060 alloy, the highest obtained microhardness value was 110 HV0.1, 

which is 42.8% higher than the microhardness value of the quenched sample (77 HV0.1; α1 on 

Figure 1). For the EN AW-6082 alloy, the highest obtained microhardness value was          

146 HV0.1, which is a 55.3% increase in comparison to the quenched state (94 HV0.1; α2 on 

Figure 1). 

 

 
Figure 1 Change in microhardness values of the investigated alloys as a function of ageing time at 

two different ageing temperatures 

 

It is assumed that the formation of multiple vacancies upon quenching, which encourages 

nucleation of the pre-β'' phase, causes this phase to precipitate during the first four hours of 

ageing. As ageing continues, the Si and Mg atoms migrate from the solid solution and 

towards the pre-β'' phase, trading places with the Al atoms. Precipitates that already exist, 

transform and grow in numbers overall, which eventually causes coherence with the Al lattice 

to be reduced. Phase changes proceed in accordance with the precipitation sequence as ageing 

progresses, together with the exchange of alloying element atoms with Al atoms [9]. 

Consequently, the maximum microhardness values displayed in Figure 1 are achieved due to 

the creation of the β'' metastable phase and have been observed by multiple investigators          

[1–3,8–13]. Marioara et al. [3] stated that even though the precipitate density is low during 

the precipitation of the β'' phase, there is an increase in incoherency with the lattice, leading to 

peak hardness values. After ageing for 6–8 hours, precipitates of the β'' phase grow and 

coagulate, causing a decrease in microhardness values. A deeper look at the graphs in         
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Figure 1 reveals that maximum microhardness values can be obtained faster as a result of 

higher ageing temperatures. However, after ageing at higher temperatures, the highest 

microhardness values obtained are not as high as those achieved at lower ageing temperatures. 

Diffusion rate increases with rising ageing temperature, which leads to faster precipitation of 

the pre-β'' phase and a faster loss of coherency, so the microhardness values are higher after 

an hour of isothermal ageing at 200°C as opposed to 180°C. However, the use of lower ageing 

temperatures with longer ageing times is essential for achieving a true peak-aged state. 

The change in electrical conductivity values of the investigated alloys as a function of 

ageing time at two different ageing temperatures can be seen in Figure 2. In age-hardenable 

alloys, there is a strong relationship between electrical conductivity and precipitation [4]. 

Analysis of Figure 2 shows that with the increase in ageing time, the electrical conductivity 

gradually increases, reaching maximum values at the longest ageing times. When ageing for  

1 hour, the electrical conductivity values are slightly lower than those obtained for the αssss 

(quenched state). At these ageing parameters, the pre-β'' phase (GP-zone) is formed. These 

precipitates have the effect of scattering electrons, which leads to a decrease in electrical 

conductivity values [5,12,14]. After the initial decrease, there is a gradual increase in 

electrical conductivity values until the maximum is obtained. As the ageing time increases, an 

increasing amount of precipitates are formed due to the reduction of alloying elements in the 

saturated solid solution (αssss becomes less saturated). As a result of this phenomenon, 

electrical conductivity increases due to the easier movement of electrons through the matrix. 

Electrical conductivity is highest when the saturation of the αssss is the lowest, and in this case, 

this was achieved first by the precipitation of the pre-β'' phase, and with prolonged ageing, by 

the β'' phase [4,5]. 

 

 
Figure 2 Change in electrical conductivity values of the investigated alloys as a function of ageing 

time at two different ageing temperatures 

 

Unlike mechanical properties, a higher ageing temperature (200°C) leads to higher values 

of electrical conductivity. At higher ageing temperatures, diffusion is accelerated and 
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precipitation is intensified, which leads to a faster desaturation of the αssss with alloying 

elements, as a result of which the electrical conductivity increases. 

The maximum values of electrical conductivity for both alloys were achieved when ageing 

at 200°C for 8 hours. For the EN AW-6060 alloy, electrical conductivity increased from    

30.8 MS/m in the quenched state (α1 in Fig. 2) to 36 MS/m after isothermal ageing at 200°C 

for 8 h, so the relative increase in electrical conductivity compared to the quenched state was 

16.89%. The relative increase in electrical conductivity for the alloy EN AW-6082 was 

slightly higher and amounted to 17.86%. For this alloy, electrical conductivity increased from 

28 MS/m in the quenched state (α2 in Fig. 2) to 33 MS/m after isothermal ageing at 200°C for 

8 h. 

For microstructural analysis, four different samples were chosen based on the 

microhardness measurements: underaged samples (aged for 1 hour at 180°C) as well as peak 

aged samples (aged for 5 or 6 hours at 180°C, depending on the alloy). 

 

  
Figure 3 Influence of ageing temperature on the microstructure of the EN AW-6060 aluminium alloy: 

a) after ageing for 1 hour at 180°C (underaged sample); b) after ageing for 5 hours at 180°C        

(peak-aged sample) 

 

  
Figure 4 Influence of ageing temperature on the microstructure of the EN AW-6082 aluminium alloy: 

a) after ageing for 1 hour at 180°C (underaged sample); b) after ageing for 6 hours at 180°C            

(peak-aged sample) 
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Figures 3(a–b) and 4(a–b) show optical microphotographs of underaged and peak-aged 

samples of the EN AW-6060 and EN AW-6082 alloys after ageing at 180°C, respectively. 

From the presented microphotographs, it can be concluded that with longer ageing, there is 

precipitation of a larger amount of the strengthening phase, which further leads to an increase 

in the microhardness values, confirming the comments given in regards to the microhardness 

results [1,13,15]. 

 

CONCLUSIONS 

Isothermal ageing led to an evident rise in mechanical and electrical properties. After 

ageing at 180°C for five or six hours, depending on the alloy, the highest values of 

microhardness were achieved. After ageing for eight hours at 200°C, the electrical 

conductivity values peaked for both investigated alloys due to the highest level of 

precipitation from the solid solution. Microstructural analysis showed the presence of finely 

distributed metastable phases, which caused a change in mechanical and electrical properties. 

The β'' phase is thought to be primarily responsible for this improvement. 
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Abstract  

The degradation of bisphenol A in aqueous solutions using the Fenton reagents (H2O2 and Fe
2+

) was 

investigated. The molar ratio of the catalyst has been 1:50 (H2O2:Fe
2+

). The treatment experiment was 

performed for 300 min to evaluate the kinetics of this process. The kinetics data showed the best fit 

with the second-order kinetics model.  

Keywords: bisphenol A, Fenton process, kinetic analysis. 

 

INTRODUCTION 

Bisphenol A (BPA) (4,4'-isopropylidenediphenol) has been frequently applied in the 

industries of polycarbonate plastics, epoxy, and phenolic resins. It belongs to the group of 

chemicals that disrupt the endocrine system and therefore negatively affect the hormonal 

status of aquatic organisms and humans. To reduce its concentration in wastewater, various 

chemical and biological treatment techniques [1–3] have been applied.  

During the last decade, advanced oxidation processes (AOPs) have emerged as promising 

options for wastewater treatment, due to their capability to oxidize a broad spectrum of 

compounds that are typically challenging to degrade. Among these processes, oxidation using 

Fenton’s reagent stands out as an appealing treatment method for effectively degrading 

organic pollutants. This is primarily attributed to its cost-effectiveness, the non-toxic nature of 

its reagents (Fe
2+

 and H2O2), the absence of mass transfer limitations owing to its 

homogeneous catalytic nature, and the simplicity of the technology involved. 

The Fenton process employs the Fenton reaction (Eq. 1) to produce hydroxyl radicals 

(•OH) by mixing ferrous ions (Fe
2+)

 with hydrogen peroxide (H2O2) under acidic pH 

conditions, serving as a technique for wastewater purification. 

 

                
                                                                                       (1) 
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The hydroxyl radical (•OH) initiates the breakdown of organic pollutants by cleaving 

chemical bonds and oxidizing the targeted compounds.  

Numerous scientific articles [4,5] concentrate on investigating and applying the Fenton 

treatment for the removal of organic molecules. It has been established that factors such as 

pH, temperature, and particularly the molar ratio of hydrogen peroxide to iron influence the 

removal efficiency of organic pollutants from wastewater through the Fenton process. 

However, to the best of the author's knowledge, there is no available literature about the 

removal of BPA via the Fenton process. 

This paper presents the investigation of the Fenton oxidation of BPA under acidic 

conditions, with a hydrogen peroxide to iron molar ratio of 1:50. The removal efficiency of 

BPA concerning treatment time was studied, as well as degradation kinetics. 

 

MATERIALS AND METHODS 

Chemicals 

For presented experiments following chemicals were used: BPA (Sigma-Aldrich, St. 

Louis, Missouri, USA), sodium sulfate (Sigma-Aldrich, St. Louis, Missouri, USA), hydrogen 

peroxide (ZORKA Pharma, Šabac, Serbia), iron (II) sulfate heptahydrate (Sigma-Aldrich, St. 

Louis, Missouri, USA), dichloromethane (Sigma-Aldrich, St. Louis, Missouri, USA). 

Method of Fenton oxidation process 

A reagent consisting of hydrogen peroxide and iron (II) ions in 1:50 mass ratios is used for 

BPA oxidation using the Fenton process. The experiments were performed by adding the 

Fenton reagent to a 0.1M Na2SO4 model solution in which the BPA concentration was           

30 mg L
-1

. The BPA oxidation process lasted 5 hours, with aliquots taken for 1 hour. The 

Fenton process was stopped by the addition of 5M NaOH solution.  

Analysis method 

The preparation of BPA degradation aliquots for GC-MS analysis and the GC-MS analysis 

program was performed in accordance with our previous work [6]. 

The obtained data were treated with kinetic models of zero-order, first-order and second-

order kinetics models.  

 

RESULTS AND DISCUSSION 

The Figure 1 illustrates the removal efficiency during the treatment process of BPA. It is 

evident (Figure 1) that as treatment time progresses, the efficiency of BPA removal also rises. 

Initially, BPA degradation occurs rapidly within the first 120 minutes, achieving an efficiency 

of approximately 41%. Subsequent treatment stages show a gradual increase in BPA removal 

efficiency, likely attributed to the consumption of Fenton reagents. 

The oxidative degradation process of BPA by Fenton was kinetically modelled using zero-

order, first-order and second-order kinetic models. The parameters of applied kinetic models, 

such as rate constants, k and coefficient of determination were calculated from the linear 

plots. They are pre-sented in Table 1. 
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Figure 1 Efficiency removal of BPA  

 

Table 1 Kinetic model equations and parameters for the Fenton oxidation of BPA  

Kinetics 

model 
Equation Rate constants, k 

Coefficient of 

determination 

Zero order  [A] = [A]0 − kt -2.194 10
-7 

(M min
-1

) 0.868 

First order ln[A] = ln[A]0 − kt -0.00243 (min
-1

) 0.930 

Second order  1/[A] = 1/[A]0 + kt 28.045 (M
-1

 min
-1

) 0.970 

 

The coefficient of determination for the second-order model was relatively satisfactory and 

close to 1. This confirms that the degradation of BPA by the Fenton process most closely 

follows second-order kinetics. It is opposite to the earlier study by Wang et. al. [7]. 

 

 
Figure 2 Comparison of experimentally and kinetic simulation of Fenton oxidation for BPA 

 

The constructed BPA degradation kinetics model can be applied to evaluate the 

degradation level of BPA and predict its concentration during the treatment time. Based on 

kinetics parameters of k for the BPA obtained based on the method mentioned above, the 
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equations presented in Table 2 can be used to calculate the c values under different tretman 

times. 

Figure 2 shows the plots of the degradation profile from the theoretical model for the 

degradation of the BPA in 0.1M Na2SO4 solutions. The data of concentration at degradation 

time from experimental findings are also presented, which match well with the theoretical 

curve for the second-order reaction. 

 

CONCLUSION 

In summary, our proof-of-concept study has established a Fenton treatment for the 

degradation of BPA in sulphate-rich wastewater. The rate equations of the Fenton processes 

in BPA degradation follow second-order kinetics. The construction of the BPA degradation 

kinetics model in this work would provide better insight in prediction of BPA degradation 

time and facilitate the optimization of process for practical applications. 
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Abstract  

Bisphenol A (BPA), extensively used in the production of polycarbonate plastic and epoxy resin, poses 

significant threats to aquatic ecosystems and human health. Advanced oxidation processes (AOPs), 

which generate reactive species in situ, offer promising alternatives for wastewater treatment. Among 

these, the Fenton process, generating OH radicals, stands out. This study aims to explore the oxidative 

degradation of BPA by detecting its intermediates and elucidating its degradation pathway. Our 

findings reveal the existence of two interconnected degradation pathways. This study underscores the 

importance of advanced oxidation processes in mitigating the detrimental effects of BPA 

contamination, emphasizing the need for further research to optimize wastewater treatment methods 

and safeguard both ecosystems and human health. 

Keywords: BPA intermediates, Fenton process, hydroxyl radical. 

 

INTRODUCTION 

Bisphenol A (BPA), a widely used in polycarbonate plastic and epoxy resin production, is 

notorious for its adverse effects on both aquatic life and humans. With its ability to mimic and 

oppose hormone effects, BPA is classified as an endocrine disrupting compound, and poses 

significant health risks to living organisms [1,2]. Conventional wastewater treatment methods 

struggle to efficiently eliminate BPA. Consequently, advanced oxidation processes (AOPs), 

comprising techniques that generate highly reactive species in situ, present an alternative for 

wastewater treatment. The Fenton process is also classified among AOP methods. In the 

classic Fenton chemistry, the reaction between hydrogen peroxide and Fe
2+

 ions in an acidic 

aqueous solution is commonly understood to generate hydroxyl radicals [3].  

The main objective of this study is to analyze the oxidative degradation of BPA by 

detecting BPA intermediates and predicting the degradation pathway of BPA. 

 

 

 



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

477 

 

MATERIALS AND METHODS 

Fenton reaction 

Fenton’s reagent (14.66 mM Fe
2+

 and 3.66 mM H2O2) at pH 4 was used for oxidative 

degradation of BPA. The initial concentration of BPA in the solution was 30 mg L
-1

. The 

Fenton reaction was stopped with 5 M sodium hydroxide. Model wastewater solution for 

Fenton reaction was 0.1M Na2SO4, pH~4. The Fenton reaction was stopped with 5M sodium 

hydroxide. 

Isolation and detection of BPA intermediates  

Intermediates resulting from the degradation of BPA by Fenton’s reagent were isolated 

using liquid-liquid extraction (starting solution/diethyl ether) every hour from the beginning 

of the Fenton reaction. Isolated intermediates were subjected to BSTFA                           

(N,O–Bis (trimethylsilyl)trifluoroacetamide) derivatization. BSTFA was employed for the 

specific derivatization of BPA and its intermediates (trimethylsilyl (TMS) ethers/esters), 

followed by targeted fragmentation to facilitate the successful structural identification using 

GC-MS. 

BPA intermediates underwent analysis using gas chromatography/mass spectrometry,   

GC-MS (Agilent Technologies 7890B GC System, Agilent Technologies 5977 MSD, Santa 

Clara, California, USA). This system was outfitted with a fused silica GC capillary column 

Agilent J&W (HP-5 ms 30 m × 0.25 mm i.d., film thicknesses 0.25 μm) and employed 

helium, grade 5.0, as a carrier gas at a constant flow rate of 1.0 mL min
−1

. The gas 

chromatograph settings were as follows: the splitless injector operated at 250°C, with an 

injection volume of 1 μL; the transfer line temperature was set to 300°C, and the oven 

temperature was programmed from 50°C (held for 2 min) at a rate of 9°C min
−1

 up to 320°C 

(held for 5 min), then at 9°C min
−1

 up to 320°C (held for 1 min). Data acquisition was 

conducted in full scan mode within the m/z range of 33–800 amu (atomic mass unit) for 

identification purposes. Analysis and processing of the GC-MS data were performed using 

Agilent GC–MS MassHunter software in conjunction with the NIST 14 mass spectral library. 

 

RESULTS AND DISCUSSION 

Eight BPA intermediates were detected during the Fenton reaction. The use of silanization 

and the obtained trisilyl esters and ethers facilitated the identification and structural 

elucidation of intermediates through mass-to-charge ratio (m/z) measurements and 

characteristic ion spectra obtained via GC-MS [4]. Furthermore, the instrument software 

suggested pseudo-molecular formulas by utilizing the NIST library (see Table 1). In Table 1, 

as well as in Figure 1, BPA intermediates with molecular weights smaller than BPA, such as 

benzoic acid, hydroxyquinone, 4-hydroxybenzoic acid, 4-hydroxyacetophenone and               

4-isopropenylphenol can be observed. Since BPA intermediates appear at the beginning of the 

Fenton reaction, it indicates that their formation arises directly from the cleavage of BPA’'s 

isopropyl chain. 

This finding is in line with previous studies and represents an important pathway for BPA 

degradation facilitated by OH radicals [5,6]. Later, due to the action of hydroxyl radicals, the 
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single-ring intermediate is opened and carboxylic acids are formed, which eventually leads to 

the complete mineralization of BPA to carbon dioxide and water. 

 

Table 1 BPA intermediates detected on GC/MS 

Name 
Retention time 

(min) 

Pseudo-

molecular 

formula 

m/z
a
  

Bisphenol A 23.47 C15H16O2 228.29 (372.66) 

Product 1 25.49 C15H14O4 258.27 (474.21) 

Product 2 24.64 C14H12O4 244.07 (460.19) 

Product 3 24.23 C14H12O4 244.07 (388.15) 

Hydroxyquinone 13.74 C6H6O2 110.04 (254.12) 

4-isopropenylphenol 13.17 C9H16O 134.18 (206.36) 

4-hydroxyacetophenone 14.72 C8H8O2 136.15 (208.09) 

4-hydroxybenzoic acid 16.74 C7H6O3 138.12 (282.11) 

Benzoic Acid 11.36 C7H6O2 122.12 (194.31) 
a
 m/z of the non-derivatized analyte and its trimethilsilyl ether/ester, in Da. 

 

During the reaction of the OH radical with the BPA molecule, modifications can occur 

either on the isopropyl chain or on the aromatic ring of BPA. Although the OH radical is 

unselective, the favoring of certain sites on the aromatic ring is present. Hydroxylated BPA 

can be generated through the addition of OH groups at the ortho and para positions on the 

aromatic ring, as depicted in Figure 1 [5]. This degradation pathway is marked as 

“Degradation pathway 1” and its main products are catechols and quinones. Under the 

additional influence of OH radicals, “Degradation pathway 1” will transit into “Degradation 

pathway 2”. 

 

 
Figure 1 Proposed reaction pathways 
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CONCLUSION 

GC-MS methods are commonly employed for acquiring structural information about 

products formed during Fenton oxidation processes. The modified analytical approach enable 

us do to isolate and identify eight BPA intermediates and to clarify the pathways of BPA 

oxidative degradation. In this study, two interconnected degradation pathways are found. In 

future experiments, based on proposed degradation pathways along with detected 

intermediates, toxicity estimation of Fenton process on BPA could be done. 
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Abstract  

Advanced oxidation processes (AOPs) represent promising technologies for solving complex 

challenges in wastewater treatment, using powerful oxidants to degrade a wide range of pollutants. 

However, achieving a comprehensive understanding of the research landscape in this area is crucial. 

This paper presents a bibliometric analysis of publications related to AOPs for wastewater treatment, 

in order to map research trends, identify key contributors and highlight new areas of research. By 

analyzing data obtained from the Web of Science Core Collection using CiteSpace software, 

significant insights into publication trends and collaboration are revealed. Key results include the 

dominance of chemical engineering and environmental sciences as primary research categories. In 

addition, institutional contributions and author co-citations highlight the significant role of specific 

subjects and researchers. Furthermore, keyword analysis sheds light on prominent research topics, 

with degradation and wastewater treatment emerging as central themes. Cluster mapping identifies 

the main research points, highlighting wastewater treatment as a primary focus, followed by the 

development and application of photocatalytic methods and graphene oxide. This study provides 

valuable insights to guide future research directions and collaborative efforts to advance AOP-based 

wastewater treatment technologies. 

Keywords: AOPs, bibliometric analysis, wastewater treatment.  

 

INTRODUCTION 

AOPs represent innovative approaches in wastewater treatment, offering solutions to the 

complex challenges associated with pollutant degradation. These processes utilize powerful 

oxidants, such as hydroxyl radicals (•OH), to degrade a wide range of organic and inorganic 

pollutants present in wastewater. Despite the growing interest and significant advancements in 

AOPs, there remains a need for a comprehensive understanding of the research landscape in 

this field.  

Bibliometric analysis is a mathematical and statistical technique used to trace the evolution 

of research topics, elucidate trends, advancements, and emerging scientific interests [1]. 

Several researchers have applied bibliometric methods to analyze wastewater treatment 

technologies. Some studies have focused on industrial wastewater treatment [2], while others 
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have explored technologies for controlling pollution in sulfate-rich wastewater [3]. 

Additionally, Macías-Quiroga et al. [4] applied bibliometric analysis to examine the research 

trends of AOPs techniques from 1980 to 2018. Considering the large number of scientific 

publications, it is interesting to analyze the publication trend within a single year. 

This paper aims to conduct a bibliometric analysis of the scientific literature about AOPs in 

wastewater treatment published over one year (2023–2024). The primary goal is to 

systematically review and analyze existing research publications to map out research trends, 

identify key contributors, and highlight emerging research areas of interest. Additionally, this 

analysis aims to uncover potential knowledge gaps and interesting areas for future exploration 

within AOP-based wastewater treatment. This scientific research is expected to promote 

collaboration, innovation, and knowledge exchange within the scientific community to 

achieve improvements in wastewater treatment efficacy and environmental quality. 

 

MATERIALS AND METHODS 

The Web of Science Core Collection (WoSCC), renowned as the world's most 

comprehensive scientific database, served as the primary resource for data retrieval. The 

search criteria, keywords and Boolean operators were: (“Advanced Oxidation Process” OR 

“Advanced Oxidation Technologies” OR “AOPs” OR “Fenton” OR “Fenton-like” OR 

“photo-Fenton” OR “electro Fenton” OR “ultrasound Fenton” OR “heterogeneous Fenton” 

OR “homogeneous Fenton” OR “photocatalysis*” OR “electrooxidation” OR 

“electrochemical oxidation” OR “anodic oxidation” OR “ozonization” OR “UV peroxide” OR 

“TiO2/UV” OR “TiO2/H2O2”.) (Topic) AND (“wastewater treat*" or “water pollution control” 

or “polluted water control” or “sewage treat*” or “effluent treat*”) (Topic). Applying 

language restrictions exclusively to English and filtering for article types, including only 

articles and reviews, yielded a comprehensive dataset comprising 1420 documents. These 

documents were sourced from the Web of Science Core Collection (WoSCC), covering the 

period from January 1, 2023, to January 1, 2024. To maintain data integrity and mitigate the 

potential for document alterations during WoSCC database updates, all data exports were 

completed within a single day. 

Statistical data extracted from an extensive array of academic literature was processed 

using bibliometric software, notably CiteSpace (version 6.3.R1). Visual representations, in the 

form of figures, were employed to illustrate data concerning institutes, authors, and keywords. 

In these visualizations, each node represented institutes, authors, or keywords, with node size 

proportional to the number of publications associated. Interconnections among nodes were 

depicted by lines, with line thickness reflecting the frequency of connections. 

 

RESULTS AND DISCUSSION 

According to data from the WoSCC databases, a total of 1420 papers in the English 

language were published within one year (2023–2024). Among these, 1166 were articles and 

254 were review articles. These contributions were distributed across various research 

categories, with Engineering Chemical (29.8%), Environmental Sciences (29.8%), 

Engineering Environmental (26.8%), Chemistry Physical (15.2%), Water Resources (12.6%), 
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Materials Science Multidisciplinary (11.8%), and Chemistry Multidisciplinary (11.3%) 

emerging as key areas of publication. The most cited journal is Chemosphere (see Figure 1A). 

 Figure 1B illustrates a co-authorship network map showing countries actively involved in 

researching the use of AOPs for wastewater treatment. The network comprises 10 nodes and 

27 links, representing countries and connections between them. Node sizes correspond to the 

number of publications from each country. The People’s Republic of China has the largest 

node size, indicating leadership in productivity with 675 papers, followed by India with 198, 

Saudi Arabia with 84, Spain with 64, the USA with 58, South Korea with 54, Pakistan and 

Brazil with 48. The purple ring surrounding each node signifies the centrality of the 

respective country. A higher centrality, denoted by the thickness of the purple ring, indicates 

increased collaboration with other countries and, consequently, greater influence in the 

academic sphere. Notably, India and the People's Republic of China exhibit the highest 

centrality (0.45 and 0.25 respectively), indicating extensive collaboration with authors from 

various countries in research on AOP technology. Following closely is South Korea (0.20). 

 

 
Figure 1 CiteSpace network of A) journals; B) countries; and C) The co-citation network map of author 

which research AOPs 

 

To identify authors with two or more articles cited simultaneously by another article, a   

co-citation analysis was conducted. The co-citation network map (Figure 1C) illustrates the 

size of nodes and their centrality. Liu Yang, Lai Bo, Boczkaj Grzegorz and  

Li Jun, emerges with the highest number of co-citations (9) and centrality (0.03), indicating 

their significant influence on the research topic.  

Institutional contributions were also analysed, extracting information regarding institutions 

and their collaborative efforts through published articles. The mapping results (see Figure 2) 

highlight institutions that frequently appear in scientific publications within the research area. 

The size of each node indicates the productivity of the institutions. The Chinese Academy of 
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Sciences, Egyptian Knowledge Bank (EKB), and King Saud University exhibit significant 

centrality, underscoring their pivotal roles in investigating AOPs for wastewater treatment. 

 

 
Figure 2 The institutions network which research AOPs 

 

Keywords and cluster analysis 

The keywords of an article serve to elucidate its research themes and focal points within a 

specific field. They offer essential insights into the content, guiding both readers and the 

scientific community towards areas of interest. Employing CiteSpace software, a 

comprehensive analysis was conducted on keyword occurrence, including author keywords, 

keywords plus, and abstracts from publications over the last year.  

The resulting network co-occurrence map of keywords, depicted in Figure 3A, comprises 

176 nodes representing different keywords. The size of each node correlates with the 

frequency of co-occurrences of its respective keywords. Notably, the nodes with the highest 

frequencies include degradation (471), removal (348), wastewater treatment (323), oxidation 

(232), performance (200), advanced oxidation processes (193), nanoparticles (158), 

photocataliytic degradation (147), adsorption (141). Certain nodes, marked with a purple ring 

in Figure 3A, exhibit good centrality (0.22 to 0.1), indicating significance of keywords in the 

research field. The cluster map analysis, aims to identify primary hotspots. The modularity 

(K) and silhouette (S) values serve as key criteria, with Q values near 1 (0.4 to 0.8 being 

acceptable) indicating clearly defined clusters, and S values near 1 (above 0.6 being 

reasonable) indicating a high level of confidence in node grouping.  
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Figure 3 A) The network co-occurrence map of keywords; and B) cluster map analysis 

 

The principal research topics concerning the application of AOPs for wastewater treatment 

are delineated by cluster titles, as illustrated in Figure 3B. The largest cluster, is the main 

hotspot, denoted as #0, pertains to wastewater treatment research, comprising 36 members 

and boasting a silhouette value of 0.85. Following cluster #1 is related to photocatalysis (30 

members), cluster #2 advanced oxidation processes, #3 graphene oxide, #4 electrochemical 

oxidation, #5 green synthesis, #6 urea electrooxidation and # 7 ozone mist. 
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CONCLUSION 

This bibliometric analysis elucidates the multifaceted landscape of research on AOPs in 

wastewater treatment. By systematically examining publication trends, key contributors, and 

emerging research areas, significant insights are gained into the evolving research domain. 

The dominance of Engineering Chemical and Environmental Sciences underscores the 

interdisciplinary nature of AOP research. Notable institutions and authors, such as the 

Chinese Academy of Sciences and Liu Yang, Lai Bo, Boczkaj Grzegorz and Li Yun, emerged 

as an influential contributors. Keyword analysis highlights key research themes, with 

degradation and wastewater treatment being central. Cluster mapping identifies major 

research hotspots, emphasizing wastewater treatment as a primary focus, followed by 

emerging areas like photocatalysis and graphene oxide applications. This comprehensive 

analysis serves as a valuable resource for researchers, and engineers, facilitating informed 

decision-making and collaboration efforts to address pressing environmental challenges in 

wastewater treatment. 
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Abstract 

Electric arc furnace dust (EAF dust) is a hazardous solid industrial waste that needs to be disposed of 

in an adequate manner primarily for environmental protection. However, due to the high content of 

zinc and other useful components found in it, EAF dust can also be considered as a secondary raw 

material for their recovery. In this paper, experimental investigations of the application of 

hydrometallurgical treatment of the EAF dust to zinc and cadmium recovery were carried out. The 

treatment was carried out in two phases: 1
st
 phase - pretreatment, 2

nd
 phase - leaching with sulfuric 

acid. The leaching rate of monitored elements in the second stage of treatment was examined 

depending on the concentration of H2SO4 and the duration of the process. The highest Zn leaching 

rate of 65% and Cd of 80% were achieved at a concentration of H2SO4 of 1.50 M in a time of 20 min, 

at ambient temperature, and a S:L ratio=1:4. 

Keywords: EAF dust, hydrometallurgy, treatment. 

 

INTRODUCTION 

As a result of the melting of waste iron at high temperatures in an electric arc furnace, in 

the steel production process, an intermediate product of the process occurs, i.e. electric arc 

furnace dust (EAF dust) [1–4]. This intermediate product is considered a hazardous solid 

industrial waste in many countries of the world since it contains heavy metals. The potential 

pollution of this type of waste consists in the possibility of self-leaching of the elements found 

in its composition, the most represented of which are: Zn, Fe, and Pb, while in smaller 

quantities can be found Cu, Ni, Cd, Pb, Mn, Ca, F, K, Cl and others [1,5–11]. If this type of 

waste is inadequately disposed of, surface and underground water pollution, or environmental 

pollution with heavy metals, may occur due to atmospheric influences. Considering that it is 

hazardous waste, it is necessary to carry out its treatment in an adequate way for 

environmental protection. EAF dust has a high zinc content in its composition (in the form of 

zincite - ZnO and zinc-ferrite - ZnFe2O4), and as such it can be seen as a source of secondary 

raw material for obtaining zinc, but also other useful components, such as cadmium for 

example. By applying adequate treatment, a double effect can be achieved - both 

environmental protection and profit-making [1,8,12,13]. Treatment of the EAF dust can be 

achieved using hydrometallurgical, pyrometallurgical, and combined processes. The problem 

in choosing an effective treatment procedure is that the chemical and mineralogical 

composition of each EAF dust from steel production is individual. For this reason, it is 
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necessary to define optimal treatment conditions for each generated dust individually     

[1,2,5–7,13–15]. 

In this work, the characterization of a representative sample of the EAF dust was 

performed, and the possibility of zinc and cadmium recovery from the EAF dust was 

investigated using a hydrometallurgical procedure that includes two technological phases: 

pretreatment and acid leaching. The pretreatment of the initial sample of the EAF dust is 

carried out to selectively remove water-soluble components and involves a simple and 

inexpensive process of water leaching. The next phase involves acid leaching of the solid 

residue formed after pretreatment to zinc and cadmium recovery. The influence of the 

concentration of sulfuric acid and the duration of the leaching process on the zinc and 

cadmium leaching rate in the acid leaching process was investigated. 

 

MATERIALS AND METHODS 

Characterization of the initial EAF dust sample 

The initial sample of the EAF dust was homogenized, and then the representative sample 

shown in Figure 1 was separated for chemical characterization using the quartering method. 

 

 
Figure 1 A representative sample of the EAF dust 

 

The chemical composition of a representative sample of the EAF dust is presented in   

Table 1. 

 

Table 1 Chemical composition of the initial EAF dust sample 

Element Content, % Element Content, % 

Zn 36.40 Cd 0.05 

Fe 21.58 Ca 3.02 

Na 1.18 Mg 0.76 

Cl 2.90 K 0.99 

Pb 1.86 Na 1.18 

Si 1.69 Mn 2.12 

Cu 0.19 Mg 0.76 

Al 0.70 F 0.05 
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The greater number of elements present in the EAF dust occurs in the form of oxides, 

which is confirmed by the XRF analysis of the investigated EAF dust sample presented in 

Table 2. In the case of zinc, this element is present as zinc oxide (ZnO, zincite) with a share of 

about 50%, and as zinc-ferrite (ZnFe2O4, franklinite). 

 

Table 2 XRF analysis of the initial EAF dust sample 

Oxides Content, % Oxides Content, % 

ZnO 47.92 K2O 1.409 

Fe2O3 30.897 CaO 3.94 

MgO 0.9288 TiO2 0.155 

Al2O3 0.6860 Cr2O3 0.519 

SiO2 3.619 Mn 3.334 

P2O5 0.259 Cu 0.331 

Cl 3.582 PbO 2.319 

 

Experimental part 

The hydrometallurgical treatment of the EAF dust applied in this paper, with the aim of 

zinc and cadmium recovery, was carried out in two phases: applying pretreatment, and then 

leaching with sulfuric acid. 

Pretreatment 

As the first technological phase of the hydrometallurgical treatment of the EAF dust, a 

simple and inexpensive leaching process of an initial representative sample of the EAF dust 

with distilled water was applied. The pretreatment was carried out to selectively remove 

water-soluble components from the initial sample of the EAF dust, with the following process 

parameters: water as a leaching reagent, temperature - ambient, ratio S:L=1:10, stirring speed 

- 500 rpm, time - 30 min. 

Acid leaching 

In the second technological phase of the EAF dust treatment, the effects of different 

concentrations of sulfuric acid and time on the zinc and cadmium leaching rate from the solid 

residue formed after the applied pretreatment were investigated. The following concentrations 

of sulfuric acid were investigated: 0.10 M, 0.25 M, 0.50 M, 0.75 M, 1.00 M, and 1.50 M. The 

time of the leaching process was investigated in the range of 5 to 60 min, while the 

temperature of 25⁰C, the ratio S:L=1:4, and the stirring speed of 500 rpm were constant in all 

experiments. 

 

RESULTS AND DISCUSSION 

By applying pretreatment, selective removal of water-soluble components (Cl, K, Na, and 

Ca compounds) was achieved, which is convenient for the acid leaching process that follows, 

because in this way the consumption of leaching reagent (H2SO4) in the next phase, the acid 

leaching phase, is reduced. Also, the application of pretreatment avoids contamination of the 

resulting pregnant leaching solution with chlorides and other water-soluble components. 

Palimąka et al. [12], and Ruiz et al. [6] came to the same conclusion in their research. 
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Zinc and cadmium leaching rates depending on the concentration of sulfuric acid and the 

time of the acid leaching process are presented in Figure 2 (2a and 2b). 

 

a) b) 

  
Figure 2 Zinc and cadmium leaching rates depending on H2SO4 concentration and time: a) Zn; b) Cd 

 

Based on the obtained results, it can be concluded that the highest zinc leaching rates are 

achieved after 15–20 minutes, at all investigated concentrations of H2SO4, and then remain 

almost unchanged. During 20 min, the zinc leaching rate increases from 5.50% at an acid 

concentration of 0.10 M to 65.21% at a concentration of 1.50 M H2SO4. The highest cadmium 

leaching rates were reached in 20 min, after which the time parameter had no significant 

effect on the Cd leaching rate. Increasing the concentration of H2SO4, as well as the zinc 

leaching rate, has a favorable effect on the cadmium leaching rate so that the cadmium 

leaching rate ranges from 19% to 80% in a time of 20 min. The obtained results are in 

agreement with the research of Montenegro et al. [16], who also at ambient temperature, with 

a ratio S:L=1:5, in 20 min, with 1.00 M H2SO4, achieved a zinc leaching rate of 74% and 

cadmium of 87%. Hazaveh et al. [10] investigated the effect of H2SO4 concentration from 

1.00 M to 3.00 M and concluded that the zinc leaching rate from the EAF dust sample 

increases with increasing H2SO4 concentration. 

Further investigations will be carried out with the aim of zinc and cadmium recovery from 

the obtained pregnant leaching solution and obtaining commercial quality products. 

 

CONCLUSION 

Based on the investigation results obtained in this paper, it can be concluded that the EAF 

dust can be used as a secondary raw material for zinc and cadmium recovery. 

Hydrometallurgical treatment aimed at recovering these metals from the investigated EAF 

dust sample is applicable and achieved a relatively high leaching rate of both monitored 

elements. After the applied pretreatment aimed at the selective removal of water-soluble 

components from the initial sample of the EAF dust, in the acid leaching phase, at ambient 

temperature, at a concentration of H2SO4 of 1.50 M, the ratio S:L=1:4, in a time of 20 min, it 

was achieved zinc leaching rate of 65%. With the same parameters of the leaching process, a 
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cadmium leaching rate of 80% was achieved. Our future investigations will be directed 

towards the zinc and cadmium recovery from the obtained pregnant leaching solution. 
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Abstract  

The modification of widespread plant and their use as low-cost and efficient biosorbents is a 

prospective way for dissolving environmental problems. In this research, the adsorption capacity of 

biosorbent based on the Ambrosia arthemisiifolia was improved by modification with magnetite. The 

adsorption capacity of the modified magnetic biosorbent was determined with the help of cationic dye 

Malachite Green (MG). The maximum of MG adsorption capacity, after 20 min, was 7.65 mg/g, with 

removal efficiency of 100%. The adsorption kinetic of the MG was described by the pseudo-second-

order model. FTIR analyses also confirmed biosorption of MG on magnetic biosorbent. The present 

study verified that magnetic biosorbent can be used as an economic and effective adsorbent for 

removal of MG from aqueous solutions. 

Keywords: magnetic biosorbent, Ambrosia arthemisiifolia, malachite green.  

 

INTRODUCTION 

Ambrosia artemisiifolia is the most widespread plant of the Ambrosia genus in Europe, 

including Serbia [1,2]. This invasive weed plant causes environmental, agronomical, and 

medical problems [3]. Pollen of A. artemisiifolia is the most represented seasonal allergen in 

Europe that triggers rhinitis, conjunctivitis, and asthma [4,5]. According to the latest Report 

of the Environment Quality (2022), the concentration of Ambrosia pollen in Serbia was 9476 

grain/m
3
, and it was dominant compared to the other allergens during the pollination period 

[6]. The objective of this study was investigation of biomass potential and its conversion into 

more valuable product, such as biosorbent for sorption of organic pollutants, like synthetic 

organic dyes.  

This study was focused on the design of the novel magnetic hybrid biosorbent, based on 

the biomass of the A. artemisiifolia for sorption of synthetic organic dye, Malachite Green 

(MG), from aqueous solution, using UV-Vis spectrophotometer for dye detection. MG is a 

cationic dye, widely used in textile industry, as an antimicrobial agent in aquaculture, etc. 

This dye is toxic, with teratogenic, carcinogenic, and mutagenic effects on organisms [7]. The 

advantages of magnetic biosorbent for MG biosorption are multiple, with focus on green 

sustainability, eco-friendly approaches, easy separation using an external magnetic field, and 

as an economic method with potential for the future implementation in wastewater treatments. 
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MATERIALS AND METHODS 

Preparation of magnetic biosorbent 

The plant Ambrosia artemisiifolia was sampled on the periphery area of Belgrade (capital 

of Serbia), by cutting off plants parts above the ground. After sampling, the plant material was 

washed with water, and dried naturally, on the sun light and wind, for a one week. After 

drying, the plants were cut into small pieces with scissors, and ground in an electric mill. 

After the milling, the resulting particles were sieved to obtain particles with a size range    

<300 µm. The obtained particles were than washed with distillate water, to remove possible 

impurities, after which they were dried overnight in an oven, at 50°C. The synthesis of 

magnetic biosorbent was performed following coprecipitation method with some 

modifications, proposed by Medina-Zazueta et al. [8]. The method consists of mixing a 0.39 g 

of FeCl3·H2O and 0.17 g of FeCl2·H2O in 190 cm
3
 deionized water, in a N2 atmosphere, at 

80°C, with magnetic stirring (450 rpm, 20 min). After that, 10M NaOH was added, and 

stirring was continued under the same conditions (30 min). At the end, 0.2 g of biosorbent 

was added to the reaction mixture, and stirring was continued under the same conditions          

(30 min). Finally, prepared magnetic biosorbent was filtered and washed, until the pH neutral, 

and dried in an oven, overnight, at 50°C. 

Biosorption of MG  

Magnetic biosorbent (0.1 g) was added to the 20 cm
3
 of 50 ppm MG solution. 

Subsequently, magnetic biosorbent samples with adsorbed dye were separated from the 

mixture via external magnet. The adsorption time was monitored from 1 to 20 min, at room 

temperature (25°C). The residual amounts of dye in the water solution were determined 

spectrophotometrically (NOVEL-102S UV-Vis Double Beam Spectrophotometer, COLO Lab 

Experts, Slovenia). The adsorption capacity (Qt) and removal efficiency of the magnetic 

biosorbent at equilibrium (E (%)) were determined using Equations (1) and (2) [9]: 

Where: C0 (mg/dm
3
) and Ct (mg/dm

3
) are the initial concentration and concentration at time t 

of MG in the solution, V (dm
3
) is the volume of the solution, and m (g) is the mass of the 

magnetic biosorbent. 

Where: C0 (mg/dm
3
) and Ct (mg/dm

3
) are the initial concentration and concentration at time t 

of MG in solution. 

The Kinetic Study of the Adsorption of MG  

MG adsorption rates were analysed using pseudo-first-order and pseudo-second-order 

kinetic model, according to the Equations (3) and (4) [10]: 

 

 

𝑄𝑡 =
 𝐶0−𝐶𝑡 ×𝑉

𝑚
          (1) 

𝐸 % =
 𝐶0−𝐶𝑡 

𝐶0
× 100%         (2) 

  

log( 𝑞𝑒 − 𝑞𝑡) = log 𝑞𝑒 −
𝑘1

2.303
 𝑡         (3) 
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Where: qt is the equilibrium sorption capacity in time t (mg/g), qe is the adsorption capacity 

in equilibrium (mg/g), k1 is the pseudo-first-order rate constant (1/min), k2 is the pseudo-

second-order rate constant (g/mg 1/min). 

Fourier Transform Infrared Spectroscopy (FTIR)  

FTIR spectra of biosorbent, before and after magnetisation and biosorption of MG, were 

taken in ATR mode using a Nicolet SUMMIT FTIR Spectrometer (Thermo Fisher Scientific, 

Waltham, MA, USA). 

 

RESULTS AND DISCUSSION 

The concentration of MG in the aqueous solution was monitored by UV-Vis spectroscopy, 

based on the standard curve for MG (Figure 1). 

 

 
Figure1 Standard curve for MG determination 

 

Biosorption of MG was monitored at room temperature (25°C), with shaking on a shaker. 

Aliquots were taken in the range of 1-20 min, and concentrations of MG were measured with 

UV-Vis spectroscopy, at 618 nm (Table 1). As can be seen from the obtained results (Table 1, 

Figure 2), the MG biosorption was occurred in two stages. In the first stage, the uptake was 

rapid within 7 min, and then in the second stage, it was slow from 7 to 20 min and reached 

equilibrium at 10 min. The maximum of MG adsorption capacity after 20 min was 7.65 mg/g, 

with exceptionally high removal efficiency of almost 100 %. The fast removal of the MG at 

the first stage may be attributed to the rapid attachment of dye ions on the biosorbent surface, 

and the number of available binding sites. The following slower adsorption process with 

increasing contact time may be due to the unavailability of free binding sites. The kinetics of 

the MG adsorption was analysed by the two kinetics models, pseudo-first-order and pseudo-

second-order kinetic model. The values of the kinetics parameters are shown in Table 2. The 

experimental data confirmed the pseudo-second-order model, with R
2
 (correlation coefficient) 

close to 1, and the calculated qe (qe, cal) value essentially matched the experimental qe (qe, exp) 

𝑖

𝑞𝑒
=

1

𝑘2  𝑞𝑒
2 +

𝑡

𝑞𝑒
          (4) 
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value. The obtained results are in accordance with the studies that dealt with similar topics 

[11–13]. 

 

Table 1 Biosorption efficiency 

t (min) E (%) 

0 0.0 

1 16.7 

3 65.4 

5 86.0 

7 92.3 

10 97.4 

13 99.2 

16 99.7 

20 100.0 
 

 
Figure 2 Effect of contact time on MG adsorption 

capacity (C0: 50 ppm, adsorbent dose: 5 g/dm
3
, 

T: 25°C, pH 4.2) 

 

Table 2 Kinetic parameters for the adsorption of MG onto biosorbent, at 25°C. 

Kinetic model Parameter Magnetic biosorbent-MG 

Pseudo-first-order qe,exp (mg/g) 7.65 

 qe,cal (mg/g) 6.85 

 k1 (1/min) 0.35 

 R
2
 0.9976 

Pseudo-second-order qe,cal (mg/g) 8.33 

 k2 (1/min) 0.08 

 R
2
 0.9976 

 

The FTIR technique is a useful tool for identification of characteristic functional groups on 

the surface of the biosorbent material. A comparison of the FTIR spectra of biosorbent before 

and after magnetisation, and biosorption of MG is shown in Figure 3. FTIR spectra showed 

the characteristic broad bends around 3400 and 3300 cm
-1

, due to the stretching vibration of –

OH from macromolecules: cellulose, hemicellulose, and lignin [14,15]. The peaks at 2920 and 

2840 cm
-1

 represent the –CH stretching and vibration of –CH3 and –CH2 groups in cellulose 

and hemicellulose [16]. The peaks associated with the stretch vibration of aromatics were 

about 1600 cm
-1

. A characteristic stretching vibration absorption band of the (−C(=O)−OH) is 

at 1730 cm
-1

. Peak at about 1030 cm
-1 

is due to C-O bending [17]. Peak about 570 cm
-1

 

corresponds to the magnetite [18], and it is obvious difference between biosorbent and 

magnetic biosorbent. Based on the FTIR spectra each of the functional group have an affinity 

for MG adsorption. Some peaks shifted or disappeared after adsorption, which was a clear 

indication that adsorption of MG onto Ambrosia magnetic biosorbent had happened.  
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Figure 3 FTIR spectra of biosorbent, magnetic biosorbent, and magnetic biosorbent-MG. 

 

CONCLUSION 

Experimental results showed that magnetic biosorbent based on the A. arthemisiifolia can 

be used successfully in the removal of MG from aqueous solutions. The maximum of MG 

adsorption capacity of magnetic biosorbent was 7.65 mg/g, and removal efficiency of almost 

100 %. Pseudo-second-order kinetic model could be used for prediction of the adsorption 

kinetics of this adsorption process. FTIR analysis also confirmed adsorption of MG on 

magnetic biosorbent. This green approach has potential to be implemented in the future, as 

very economic method, for the treatments of industry wastewater. 

Further research should focus on the optimization parameters for the adsorption of MG and 

other synthetic organic dyes on magnetic biosorbent, including its implementation on real 

wastewater samples. 
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Abstract 

Lead-based solders are harmful to the environment and human health, so they must be replaced. 

Numerous studies have focused on the production of “eco-friendly” solder alloys. Recently, there has 

been an increasing number of researches dealing with lead-free composite solder alloys. This paper 

presents a review of research on the influence of graphene nanosheets (GNS) on the wettability of   

tin-based solder alloys. GNSs have been used to improve the physical and mechanical properties of 

solder. The variable mass content of GNS particles was successfully pressed into lead-free solder 

using a high-planetary ball mill. This method enabled better homogeneous mixing and consolidation 

of the mixed powder. After that, the powder that was obtained was sintered, and the effect of GNS on 

wettability was investigated. Increasing the mass content of GNS reduces the surface tension between 

the substrate and the composite solder, resulting in a lower contact angle and improved wettability. 

Keywords: lead-free solders, graphene nanosheets, high-planetary ball mill, sintering. 

 

INTRODUCTION 

In the electrical industry, soldering is the most crucial connection method. The solders 

were heated to the melting point before soldering. The molten solder wet the substrate, 

creating connections between the liquid (solder) and the solid (substrate). The solder then 

solidifies as the joins cool, creating solder joints. Solders are often made of low melting point 

alloys since melting is a need for the soldering procedures. The most common solders are   

Pb-Sn alloys, and research into their characteristics is significant [1–4]. Lead is toxic and 

poses a danger to the environment and human health, therefore its elimination is necessary. 

Recognizing these facts, several nations have begun to take necessary safety measures, such 

as establishing rules limiting or prohibiting the use of lead in electronics. In this regard, the 

European Union (EU) adopted two directives: WEEE (Waste Electrical and Electronic 

Equipment) and RoHS (Restriction of the Use of Certain Hazardous Substances) [5,6]. 

There is no lead-free solder that can entirely outperform lead solder characteristics. It has 

been challenging to substitute lead-based solder, and research is ongoing. The new solder 

alloys must meet specific requirements in terms of melting temperature, wettability, 

mechanical, and electrical properties. Additionally, it must exhibit the right corrosion 

resistance in various conditions and at various temperatures. The lead-free solders that are 

used most frequently today are Sn-Cu, Sn-Ag, and Sn-Ag-Cu [7]. 

Reinforcements can be added to standard alloys to create a composite lead-free solder. 

There are many methods for reinforcing these solders, including powder metallurgy (PM), 
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melting and casting (MC), physical vapor deposition, precipitation, and others. PM includes 

mixing powders, compressing them at a certain pressure, and then sintering. The PM process 

is the most often used way of producing composite solder. Many researchers have chosen 

nano-sized particles for the reinforcements. As reinforcement, the following particles can be 

used: Si3N4, Al2O3, SiC, TiB2, TiO2, ZrO2, SnO2, and ZnO. Due to its remarkable properties, 

graphene has recently captured considerable attention from researchers. With superior 

mechanical properties, and electrical and thermal conductivity, graphene nanosheets (GNS) 

are expected to outperform carbon nanotubes (CNTs) and hold significant promise in the field 

of electronics [8]. To achieve better wettability and mechanical properties than the pure 

solder, Nai et al. [9] investigated the wettability of Sn-3.5Ag-0.5Cu solder reinforced with 

multi-wall carbon nanotubes (MWCNTs), produced by the PM method. The research results 

showed that with 0.07 mass.% MWCNTs in the matrix, the contact angle decreased from 29° 

to 24°, indicating an improvement in the wettability of the composite solder. The results 

corresponded with previous studies. 

Solder wettability is a critical factor in determining the quality of the solder to substrate 

bond. Strong bonds between the solder and the substrate were promoted by good wetting. 

Wettability is the ability of a liquid to diffuse onto a solid surface in a specific environment, 

such as the atmosphere, temperature, and so on [10]. Wettability is defined by the contact 

angle (θ). Figure 1 illustrates the relationship between surface tension and contact angle, 

which can be described using the Young-Laplace equation (1): 

 

      
        
   

                                                                                                                     (1) 

 

The contact angle is the angle between the tangent drawn from point A to the circular line 

representing the contour of the solder drop and the surface of the substrate. 

 

 
Figure 1 Schematic of contact angle (θ) of liquid metal on a solid surface [11,12] 

 

When the contact angle (θ) is between 0° and 90°, the solder is considered to wet the 

substrate well. Better wettability is achieved with less contact angle, greater surface area, and 

spreading speed. Generally, a solder alloy with a smaller contact angle to the substrate 

provides a much more reliable interconnection during the soldering process [11,12]. 

This paper presents an overview of the research on the influence of GNS particles on the 

wettability of different tin-based composite solder alloys. The variable mass content of GNS 
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has been successfully integrated into lead-free solder using a high-planetary ball mill. This 

technique provided significantly greater homogenous mixing and consolidation of the mixed 

powder. Following that, the powder was sintered and the wettability was determined. The 

contact angle was measured using the sessile drop technique. The droplet was photographed 

and analyzed, and the contact angle between the solid surface, air, and the droplet was 

determined. 

 

OVERVIEW OF RECENT RESEARCH 

Yin et al. [13] used the contact angle method to measure the wettability of the                            

Sn-0.3Ag-0.7Cu composite solder depending on the mass content of GNS. The result of the 

test shows that adding GNS increased solder wettability significantly. Figure 2 shows the 

influence of different mass content of GNS on the contact angle of the composite solder. The 

figure presents that the contact angle of the Sn-0.3Ag-0.7Cu solder decreased by 

approximately 29% with the addition of 0.01% GNS. With a further increase in the mass 

content of the reinforcement, the contact angle continued to decrease. 

 

 
Figure 2 Contact angle of Sn-0.3Ag-0.7Cu–x GNS solder on the copper substrate [13] 

 

After analyzing the results and reviewing previous research, they come to the following 

explanation. GNS are non-polar molecules with a hexagonal honeycomb lattice composed of 

carbon-carbon covalent bonds. When the GNS in the molten composite solder comes into 

contact with the non-polar organic acids in the rosin (solder paste) during soldering, the 

dispersion between the non-polar molecules of these substances can occur. The interphase 

tension between the composite solder and the rosin was reduced. When the interphase tension 

was reduced, the contact angle decreased, and the solder wettability was improved. 

Liu et al. [14] studied the influence of GNS particles on the Sn-3Ag-0.5Cu composite 

solder and arrived at the following conclusions. As shown in Figure 3, the contact angle 

decreased as GNS content increased. 
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Figure 3 Contact angle of Sn-3Ag-0.5Cu–x GNS solder on copper substrate [14] 

 

The composite solder with a mass content of GNS of 0.1% shows the smallest contact 

angle, which is 15.5% smaller than the starting solder. Analyzing the obtained results they 

came to the following conclusion. This improved wettability can be explained based on the 

effect of GNS particles on the interfacial tension between the composite solder and rosin 

during the soldering process. Through the soldering process, GNS should be dispersed at the 

solder/rosin interface. The presence of GNS can reduce the surface tension of the interface. 

Reduced interphase tension between the solder and the rosin causes a decrease in the contact 

angle. That improved the wettability of the composite solder. 

Yin et al. [15] also studied the effect of different mass content of GNS on Sn-0.3Ag-0.7Cu 

composite solder and reached the following conclusions. In Figure 4, it can be seen that the 

contact angle decreases with the increasing mass content of GNS. The contact angle of               

Sn-0.3Ag-0.7Cu solder decreased by 31% by adding only 0.01% GNS particles. A further 

increase in the mass content of GNS up to 0.09% leads to a decrease in the contact angle. It 

follows that the wettability of the composite solder increases. 

 

 
Figure 4 Contact angle of Sn-0.3Ag-0.7Cu – x GNS solder on the copper substrate [15] 
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According to the results, they reached the same conclusions as previous researchers. When 

the GNS particles present in the solder come into contact with the rosin, dispersion occurs 

between these compounds. The interfacial tension was reduced. Based on equation 1, 

reducing the interfacial tension between the composite solder and the rosin reduces the 

contact angle, which increases the wettability of the composite solder. 

 

CONCLUSION 

Solderability is the ability of solder alloys to wet and bond with a surface, forming a 

reliable and durable joint. Wettability tests were performed on several tin alloys reinforced 

with GNS particles, and the results were practically similar. The presence of GNS reduces the 

interfacial tension between the solder and the surface. As a result of the decreased contact 

angle, the wettability of the composite solder improved. By reviewing the literature and 

analyzing previous studies, it can be determined that the wettability of tin-based solder alloys 

reinforced with GNS increases. 
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Abstract  

In today's pharmaceutical practise, antibiotics are used to treat bacterial infections because they are 

easy to use, inexpensive and effective. For this reason, they are very often prescribed for the treatment 

of humans and animals. However, the continuous and long-term use of antibiotics has led to the need 

to detect and determine their presence in a large number of different samples using appropriate 

sensors. However, electrodes used for electrochemical analysis can perform poorly as their surface 

can be easily contaminated by analytes or intermediates of electrochemical reactions. To solve these 

problems, many researchers have focused on modifying the relevant electrodes to achieve better 

performance. 

Keywords: electrochemical sensor, electrodes, antibiotic. 

 

INTRODUCTION 

Since their discovery until today, antibiotics have played a very important role in reducing 

bacterial growth or suppressing bacteria. Due to the uncontrolled use of antibiotics, they can 

be found in canned food, milk, meat and waste water. The antibiotic residues in wastewater 

from pharmaceutical waste cause side effects, even a low concentration leads to serious 

consequences for the environment and human health [1]. Therefore, there is a need to find 

simple, precise and economical methods for their detection in various samples. Recently, the 

methods investigated, as fast and accurate, are electrochemical methods and the use of 

suitable electrodes as electrochemical sensors. Electrochemical methods are characterised by 

high sensitivity, high accuracy and trace detection. Great attention of researchers is paid to the 

search for new electrodes that have a large surface area, good electrical conductivity and high 

electronic transport, which has been demonstrated by carbon-based electrodes such as carbon 

nanomaterials, carbon nanotubes, graphene (and its derivatives) [2–5]. Metal-based electrodes 

also showed good results as electrochemical sensors for the detection of antibiotics [1,6]. The 

paper presented research in which very efficient electrochemical sensors for the detection and 

determination of some types of antibiotics were found. 

 

RESULTS AND DISCUSSION 

Carbon based electrochemical sensors for detection of antibiotics -composites 

Dehdashtian and her team [7] investigated sensitive and selective sensor based on carbon 

paste electrode which was modified by Sodium Montmorillonite nanoclay. This composite 

was developed as an electrochemical sensor for antibiotic Cefotaxime. The researchers used 
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the composite to study the electrooxidation of Cefotaxime using cyclic voltammetry and 

differential pulse voltammetry. The morphology of the modified and unmodified electrode 

was characterized by scanning electron microscopy. Results of the investigation that current 

oxidation peak on the modified carbon paste electrode was significantly improved compared 

to unmodified carbon paste electrode. Modified carbon electrode exhibited liner response over 

two linear concentration ranges from 0.5 to 40nM and 40 to 2400nM Cefotaxime. Detection 

limit of modified carbon electrode was 0.1nM. Investigation confirmed that this sensor can be 

applied for monitoring of Cefotaxime in urine and serum samples.  

 Iron cation exchanged montmorillonite modified glassy carbon electrode (Fe-Mt/GCE) via 

a direct voltametric method was used as electrochemical sensor for detection of antibiotic 

Tetracycline hydrochloride [8]. Modified electrode showed sensitivity of 27.1 μA/Mcm
2
. The 

Fe-Mt/GCE exhibits higher response current intensity in the rapid scanning process in regard 

to traditional electrode, which should be contributed to the larger surface area and more active 

sites of the modified electrode for the oxidation reaction of Tetracycline hydrochloride.  

Yu and his colleges developed ultra-sensitive graphene and copper sensor, Gr/Cu, 

supportedon glassy carbon (GCE/Gr/Cu) [9] for the determination of Levofloxacin. The 

composite give very good conducting properties and impressive sensitivity of                         

19.7 μA/μMcm
2
. The achieved detection limit of Levofloxacin was 11.86nM. Good 

selectivity was proved in the presence of various ions typically found in water and other drug 

molecules. Recovery values were between 97.7 and 103.8% in tap water. 

The presence of β-lactam antibiotics in milk samples is of particular concern and 

represents an unavoidable contaminant of milk. Therefore, it was necessary to develop a 

sufficiently precise and sensitive method for rapid β-lactam antibiotics detection. Specific 

electrochemical receptor sensor based on the graphene/thionine (GO/TH) composite was 

established. The mechanism of the electrochemical receptor sensor was a direct competitive 

inhibition of the binding of horseradish peroxidase-labeled ampicillin (HRP-AMP) to the 

mutant BlaR-CTD protein by free-lactam antibiotics. Then, horseradish peroxidase (HRP) 

catalyzed the hydrolysis of the substrate hydrogen peroxide (H2O2), which produced an 

electrochemical signal. Experimental data showed that this method gives possibility for 

quantitative detection of Cefquinome from 0.1 to 8 μg/L and the limit detection was 0.16 

μg/L, which represents a much smaller value than the maximum residue limit of 5μg/Lset by 

the European Union. The limit of detection of spiked milk samples with cefalexin, 

cefquinoxime, cefotafur, penicillin G and ampicillin were 14.88 μg/L, 2.46 μg/L, 17.16 μg/L, 

0.06 μg/L, 0.21 μg/L and the limits of quantitation (LOQ) were 36.09 μg/L, 5.40 μg/L,          

41.45 μg/L, 0.13 μg/L, 0.42 μg/L, respectively. Investigated electrochemical sensor showed 

that it can be successfully applied for the assessment of β-lactam antibiotics in milk, and the 

obtained results were confirmed by the application of chromatography-tandem mass 

spectrometry. The obtained results point to conclusion that electrochemical receptor sensor 

had a favourable recovery of 84.89–102.44% [10]. 

Carbon based electrochemical sensors for detection of antibiotics -nanocomposites 

Due to their great potential in sensitivity and selectivity in the determination of 

pharmaceutical products, among other things, and antibiotics in different samples, 

electrochemical sensors play an increasingly important role, especially electrochemical 
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sensors produced with different electrode modifications. Guo et al. [11] synthesized three-

dimensional porous MXene-carbon nanofiber (CNF) nanocomposites by assembling 

environmentally friendly and inexpensive bacterial cellulose gel sheets as a carbon source 

with novel two-dimensional MXenes nanoplate clusters and pyrolyzing the composite for 

determination of Chloramphenicol. The presented research results show that MXene/CNF 

nanocomposites give excellent electrical conductivity, large specific surface area, abundant 

active sites, and excellent electrochemical properties. New synthesized electrochemical sensor 

MXene/CNF for determination Chloramphenicol achieved a good liner response in 

concentration range of Chloramphenicol from 0.03–25μM and with a low detection limit of 

9nM. These investigators confirmed that the sensor demonstrated good repeatability and 

reproducibility with relative standard deviations of 2.94 and 3.29%, respectively. This sensor 

was successfully applied for detection of Chloramphenicol in real samples as milk and 

jasmine tea beverage. Roushani et al. [12] also develop an electrochemical sensor for the 

selective determination of Chloramphenicol. This group of scientist prepared an 

electrochemical sensor by modifying GCE with nanocomposite of (3-Aminopropyl) 

triethoxysilane, graphene oxide and silver nanoparticles. The method used during research 

was differential pulse voltammetry. The prepared sensor showed good electrochemical 

performances: linear response in concentration range of 10 pM/L to 0.2 μM/L; detection limit 

of 3.3 pM/L. Electrochemical sensor for determination of Chloramphenicol developed by 

fabricating CGE with a nanocomposite of graphene oxide and zinc oxide showed excellent 

analytical performance with detection limit of 0.01μmol/L and linearity over a concentration 

range of 0.2 to 7.2 μM/L. Electrochemical method using during the research was differential 

pulse voltammetry [12,13]. 

In order to increase the sensitivity of Levofloxacin detection nanocomposite-modified 

glassy carbon electrode (Ti3AlC2max AND/GCE) featured in as sensor [14]. Great 

electrolcatalytic activity for the oxidation of Levofloxacin is exhibited by the Activated 

Nanodiamond (AND) and Ti3AlC2 max phase (Ti3AlC2max) nanocomposite-modified glassy 

carbon electrode (Ti3AlC2max AND/GCE). This modified electrode performed high selectivity 

and sensitivity with limits of detection of Levofloxacin 20.47nM. Research confirms the fact 

that the novel sensor can be used as a content monitoring sensor of Levofloxacin in milk 

yogurt and cheese samples with high reliability and accuracy.  

    The highly sensitive electrode was fabricated based on cobalt oxide nanorods integrated 

hexagonal boron nitride-modified glassy carbon electrode (CoCo2O4 NRs/h-BN/GCE) for the 

determination of veterinary antibiotic drug ronidazole (RNZ) [1]. The CoCo2O4 nanorods 

were prepared by cetyl trimethyl ammonium bromide (CTAB) assisted hydrothermal method 

and the CoCo2O4 NRs/h-BN composite was prepared using an ultra-sonication/stirring 

process. Modified electrode nanocomposite CoCo2O4 NRs/h-BN showed lower LOD of 3nM 

and highest sensitivity of 5.845 μA/μMcm
2
 for RNZ determination.  

Babulal [15] and co-workers were successfully synthesized ytterbium molybdate nano 

petals (YbMO) with porous carbon (PC) nanocomposite (NC) using ultrasonication method 

for monitoring the levels of Metronidazole [15]. Obtained modified electrode YbMO/PC 

NC/GCE exhibited larger reduction peak current and lower potential compared to other 

modified electrodes. The YbMO/PC NC/GCE performed following results: exceptional 
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sensitivity of 3.28 μA/μMcm
2
; wide linear range 0.01–10.61 and 20.61–1630.61 μM; and low 

detection limit (LOD) of 0.006 μM. Modified YbMO/PC NC/GCE was used for detection of 

Metronidazole in serum (101%), urine (97.9%), tablets (99.15%), lake (99.1%), and river 

water (99.8%). 

The antibiotic Oxytetracycline (OTC) has a significant role in increasing food production 

because it is effectively and efficiently used in the fight against bacterial infections in crops 

and livestock. That's why antibiotics Oxytetracycline entered in wide application in 

agriculture and animal husbandry. However, their wide application results in a bad impact on 

people's health and the environment in general. So the goal is to identify the appropriate agent 

for the detection of these antibiotics, which are also environmentally friendly. Therefore, 

Mliki et al. [16] report the fabrication of cobalt-doped ZnO/GO nanocomposites for OTC 

sensors using a simple and environmentally friendly method that does not require toxic 

solvents. The successful preparation of cobalt-doped ZnO/GO nanocomposites and the 

determination of the surface area, structure, morphological features, chemical composition 

and purity of the nanocomposites were demonstrated by contact angle measurements, X-ray 

diffraction (XRD), Fourier transform infrared spectroscopy (FTIR), scanning electron 

microscopy (SEM), X-ray photoelectron spectroscopy (XPS) and UV–Vis. The 

electrochemical methods used were cyclic voltammetry (CV), electrochemical impedance 

spectroscopy and differential pulse voltammetry. The ZnO/GO nanocomposites showed a line 

response in concentration ranges from 10
-12

 M to 10
-7

 M, and an impressive detection limit of 

1.6·10
-13

M was achieved. Among others, this sensor showed very good performances and 

remarkable selectivity, proving its usefulness for the detection of OTC traces in real milk 

samples. 

Due to the increasing use of the antibiotic Ciprofloxacin, which leads to an increase in 

endogenous resistance and numerous health risks, Jiwanti et al. [17] present a novel 

electrochemical sensor in the form of a screen-printed electrode (SPE) reinforced with a novel 

rGO-SnO2 nanocomposite. The electrochemical method used to investigate the behaviour of 

the electrochemical sensor was square-wave voltammetry. The investigated electrochemical 

sensor showed unparalleled sensitivity and accuracy in the determination of Ciprofloxacin 

content. The results obtained indicate the superior performance of the SPE/rGO-SnO2 

electrode. The SPE/rGO-SnO2 electrode exhibited the largest active surface area              

(0.0252 cm
2
), which enabled faster electron transfer. In addition, the SPE/rGO-SnO2 electrode 

showed an impressively low detection limit of 2.03μM in a concentration range of 30–100μM 

for Ciprofloxacin, setting a new benchmark for the sensitivity of 9.348 μA/μM in the 

detection of Ciprofloxacin. The investigated electrode also showed its good properties in real 

samples such as river water and milk with remarkable recovery rates of 101.2 and 97.7%, 

respectively. In view of the research results, the SPE/rGO-SnO2 electrode proved to be a 

promising and effective tool for ciprofloxacin detection and determination [17].  

Metronidazole is an antibiotic which has a highly harmful impact on human health and 

domestic animals that's why it's very important to avoid environmental pollution [18]. The 

hydrothermal technique has been utilized to prepare Nickel Tungsten oxide (NiWO4) 

nanosheets which were anchored with the carbon nanofiber (CNF) to produce CNF/NiWO4 

nanocomposite, the nanocomposite was coated on the glassy carbon electrode (GCE) and 
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applied to the electrochemical detection of MTD. For detection of electrochemical behavior of 

the GCE/CNF/NiWO4 electrochemical impedance spectroscopy (EIS), cyclic voltammetry 

studies (CV), and differential pulse voltammetry (DPV) were used. The investigated electrode 

performed following results:  a low detection limit of 0.4 μM, a wide linear response range of 

0.01–650 μM, and a higher sensitivity of 0.274 μA/μMcm
2
. Prepared electrode was applied 

for detection of Metronidazole in tap water and urine samples with acceptable recoveries [18].  

 

CONCLUSION 

Antibiotics are very useful drugs for the treatment of bacterial infections, but recently their 

use has been intensified so that they can be found in samples of milk, meat, water, 

pharmaceutical waters, etc. In addition, prolonged exposure to antibiotics through the 

consumption of products containing antibiotics or exposure to untreated waste containing 

antibiotics can lead to various health problems. Therefore, it is very important to find suitable 

sensors for the detection of antibiotics in different samples. Electrochemical sensors for the 

detection of antibiotics in various samples provided particularly good results, showing good 

selectivity and sensitivity, and their performance was particularly improved by suitable 

modifications. 
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Abstract  

In this study, the influence of calcination temperature on the morphology, chemical composition, and 

structure of ZnO nanoparticles (ZnO–NP) was investigated. The ZnO nanoparticles were synthesized 

by a co–precipitation method. Zinc acetate dihydrate was used for the synthesis of zinc oxide 

nanoparticles. Thermogravimetric analysis (TGA) of the precursor was performed to determine the 

calcination temperature. The results of the TG analysis indicate high stability of ZnO at temperatures 

above 325°C. Therefore the prepared samples were calcined at temperatures of 400°C, 500°C, 600°C, 

or 700°C. The ZnO nanoparticles were morphologically and structurally characterized by X–ray 

diffraction (XRD), scanning electron microscopy (SEM), and energy dispersion spectroscopy (EDS). 

The results of the XRD analysis show that pure ZnO is obtained by the co–precipitation method and 

that the ZnO nanoparticles have a wurtzite structure. The average crystallite sizes of the materials 

calcined at 400°C, 500°C, 600°C and 700°C were 32.07 nm, 32.89 nm, 35.63 nm and 38.48 nm, 

respectively. As the calcination temperature increases, the crystallite size also increases. The results 

of SEM analysis show that the nano–sized particles were obtained by the co–precipitation method and 

that the calcination temperature significantly affects the size and morphology of the particles. The 

results of the EDS analysis show that pure ZnO was synthesized, which is consistent with the results of 

the XRD analysis. 

Keywords: ZnO, nanoparticles, coprecipitation method. 

 

INTRODUCTION 

Urbanization and industrialization have contributed to the generation of large quantities of 

wastewater [1,2]. Eighty percent of wastewater is discharged into the environment without 

prior treatment. The discharge of wastewater into aquatic ecosystems without prior treatment 

is harmful to the environment and human health and is a growing problem worldwide [3–5]. 

For this reason, wastewater treatment is important for the protection of the environment and 

the preservation of human health. 

There are a variety of traditional and non–conventional methods for wastewater treatment. 

However, the application of these methods is limited [6,7]. Photocatalysis is an efficient and 
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environmentally friendly process that can achieve complete mineralization of organic matter 

with low investment and operating costs, making it a promising method for wastewater 

treatment [5,8–10]. In recent years, researchers have focused on the synthesis of nano–sized 

photocatalysts for wastewater treatment. The nanomaterial that has attracted the most 

attention is zinc oxide, due to its stability, favorable photophysical properties, and 

antibacterial activity [7,11,12]. ZnO nanomaterials can be synthesized by various methods, 

including the sol–gel method, hydrothermal method, co–precipitation method, thermal 

decomposition method, and spray pyrolysis [7]. One of the simplest and most commonly used 

methods for the synthesis of ZnO nanoparticles is the co–precipitation method. In addition to 

the synthesis method, the size and morphology of ZnO nanoparticles, and thus their 

photocatalytic activity, are largely influenced by the calcination temperature. 

In this paper, the influence of calcination temperature on the morphology, chemical 

composition, and crystallite size of ZnO nanoparticles synthesized by the co–precipitation 

method is investigated. 

 

EXPERIMENTAL PART 

Synthesis of ZnO nanoparticles 

22 g of Zn(CH3COO)2 was dissolved in 100 ml of 80% ethanol. 0.05M NaOH was used to 

adjust the pH of the solution. The resulting solution (pH 12.86) was heated to 80°C and kept 

at a constant temperature until the clarified liquid separated from the precipitate. The 

suspension is filtered through filter paper (black tape). The resulting sediment is dried in a 

laboratory dryer at 80°C until it is dry. The dried sediment is transferred to a porcelain 

crucible and calcined at temperatures of 400°C, 500°C, 600°C or 700°C and labelled with the 

following markers: ZnO–400, ZnO–500, ZnO–600, or ZnO–700. 

Characterization methods 

The characterization of ZnO nanoparticles is essential to determine their structure and 

properties, as these can influence their photocatalytic activity in wastewater treatment. 

Various analytical techniques have been used to characterize zinc oxide (ZnO) nanoparticles, 

including thermogravimetric analysis (TGA), X–ray diffraction (XRD), scanning electron 

microscopy (SEM), and energy dispersion spectroscopy (EDS). 

The thermogravimetric (TG) curve of zinc acetate dihydrate was recorded using the SDT 

Q600 simultaneous thermal analyzer from room temperature to 800°C at a heating rate of 

10°C/min. X–ray diffraction (XRD) analysis was performed using an X’Pert³ powder 

diffractometer at a heating rate of 10°/min and an opening angle of 20–90°. SEM–EDS 

analyses were performed with the QUANTA FEG 250 SEM microscope. 

 

RESULTS AND DISCUSSION 

TGA 

Thermogravimetric analysis was carried out to determine the calcination temperature. By 

analyzing the differential thermogravimetric curves shown in Figure 1, a two–stage mass loss 

was observed. In the first stage, in the temperature range from 56 to 104°C, about 16.53% of 
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the initial mass of the sample is lost due to the dehydration of the zinc acetate dihydrate. 

Similar results and observations were obtained by Ghule et al. [13], Horzum et al. [14], and 

Nguyen and Nguyen [15]. In the second phase in the temperature interval from 156°C to 

325°C, a mass loss of 67.73% was observed due to the decomposition of zinc acetate to zinc 

oxide [14,15]. The thermogravimetric curves in the temperature range from 325 to 800°C 

revealed no weight loss, indicating complete decomposition of the precursor and the 

formation of highly stable ZnO nanoparticles [15]. 

 

 
Figure 1 Thermogravimetric analysis of Zn(CH3COO)2∙2H2O  

 

XRD 

The structure of the prepared ZnO samples was investigated using X–ray powder 

diffraction, and the diffractograms of the samples are shown in Figure 2. The diffraction 

peaks corresponding to (100), (002), (101), (102), (110), (103), (112), and (201) planes of 

ZnO are identical to those from the JCPDS database (JCPDS No. 036–1451) and indicate the 

characteristic wurtzite structure of ZnO [15–18]. Zincite was the only crystalline phase 

identified in all four samples analyzed. Not a single peak indicating the presence of 

impurities, Zn or Zn(OH)2, was detected. This indicates that high–purity ZnO was synthesized 

by the coprecipitation method. Similar results and observations were obtained by Saravanan 

et al. [19], Baharudin et al. [20], Akpomie et al. [21], and Talam et al. [22]. The Debye–

Scherrer equation (1) was used to determine the average cristallite size of ZnO nanoparticles: 

 

  
   

      
       (1) 

 

where: D – crystallite size (nm), k – constant (0.89),   – wavelength of X–ray radiation    

(0.154 nm),   – full width at half maximum of the most intense diffraction peak (FWHM) 

(rad), θ – Bragg's angle (˚) [23]. The average crystallite size of the ZnO–400, ZnO–500,   

ZnO–600 and ZnO–700 samples was 32.07 nm, 32.89 nm, 35.63 nm and 38.48 nm, 

respectively. It can be concluded that the crystallite size of the ZnO–NP calcined at 400°C 

was the smallest and that the crystallite size increases with increasing calcination temperature. 
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This is probably due to the fusion of smaller crystallites into larger ones caused by high 

calcination temperatures [24].  

 

a)  b) 

  
c) d) 

  
Figure 2 Diffractograms of ZnO–NP calcined at: a) 400°C; b) 500°C; c) 600°C; and d) 700°C 

 

SEM–EDS 

Scanning Electron Microscopy (SEM) was used to investigate the morphology and size of 

the ZnO nanoparticles. The results of the SEM analysis are shown in Figure 3 and indicate 

that the ZnO nanoparticles are heterogeneous in nature and agglomerate under certain 

conditions. The calcination temperature affects the morphology of the ZnO nanoparticles. 

Increasing the calcination temperature leads to a lower uniformity of the particles [20]. In 

samples calcined at temperatures of 400–600°C, spherical and nanorod–shaped particles 

dominate, while in the sample calcined at 700°C, hexagonal–shaped particles can be observed 

in addition to spherical and nanorod–shaped particles. 

There is a correlation between the particle size and the crystallite size: as the calcination 

temperature increases, the size of the crystallites and particles increases [18]. In addition, as 

the calcination temperature increases, the pore volume increases, which can consequently 

have a positive effect on increasing the photocatalytic activity of the ZnO particles. 
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a) b) 

  
c) d) 

  
Figure 3 SEM images of the ZnO nanoparticles thermally decomposed at a) 400°C; b) 500°C;         

c) 600°C; d) 700°C 

 

Energy dispersion spectroscopy (EDS) was used to determine the elemental composition. 

The results of the analysis (Figure 4) clearly show the strong peaks of the elements zinc (Zn) 

and oxygen (O). The absence of peaks of other elements indicates that pure ZnO was 

synthesized by the co–precipitation method, which is consistent with the results of XRD 

analysis. Similar results were obtained by Lad et al. [16], and Akpomie et al. [21]. The 

absence of impurities is very important for the further application of the synthesized ZnO NPs 

for wastewater treatment. 

 

 
Figure 4 Energy dispersive spectroscopy spectra of ZnO–NPs 
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CONCLUSION 

ZnO nanomaterials were successfully prepared by the co–precipitation method. The 

comprehensive characterization of the ZnO nanoparticles using SEM, EDS, and XRD 

techniques has provided valuable insights into the influence of calcination temperature in the 

range of 400–700°C on their structure, morphology, and chemical composition. The results 

show a wurtzite hexagonal structure of ZnO–400, ZnO–500, ZnO–600, and ZnO–700 with 

crystal sizes of 32.07 nm, 32.89 nm, 35.63 nm and 38.48 nm, respectively. The particles are 

heterogeneous in nature and the calcination temperature has a significant effect on the 

morphology of the particles. In samples calcined at temperatures of 400–600°C, spherical and 

nanorod–shaped particles dominate, while in the sample calcined at 700°C, hexagonal–shaped 

particles can be found in addition to spherical and nanorod–shaped particles. The particle size 

also increases with increasing calcination temperature. The results of the EDS analysis agree 

with the results of the XRD analysis and indicate that pure ZnO was synthesized by the 

coprecipitation method. From the presented results, it can be concluded that the calcination 

temperature significantly influences the morphology and size of the particles. 
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Abstract 

The aim of this paper was to investigate the quality of indoor and outdoor swimming pool water with 

respect to trihalomethanes (THMs) content and health risk assessment of children THMs exposure via 

two exposure rout, ingestion and dermal contact. The water samples were collected during the 

summer touristic season in coastal area of Montenegro. The obtained results have shown that THMs 

content in swimming pool water was not of concern. The values of lifetime cancer risk (CR) exceeded 

10
-6

, for both, indoor and outdoor swimming pool water, while values of hazard index (HI) were less 

than 1, indicating that children population was faced with carcinogenic health risk of THMs exposure, 

while noncarcinogenic risk is not of concern.  

Keywords: trihalomethanes, health risk, ingestion, dermal contact. 

 

INTRODUCTION 

Disinfection of water in swimming pools is extremely important from the aspect of health 

safety of swimmers and chlorination is the most common type of disinfection of pool water. 

The chlorine that remains after the chlorination process additionally protects the pool water 

from further contamination, but also causes the formation of disinfection by-products in the 

water. About 30–60% of the total disinfection by-products in water are results of chlorination, 

and the most abundant are trihalomethanes (THMs) and haloacetic acids [1,2]. THMs are 

formed by the reaction of residual chlorine with organic compounds present in the water. 

THMs, which can expose a potential danger to swimmer’s health, include: chloroform 

(CHCl3), bromodichloromethane (BDCM)-(CHBrCl2), dibromochloromethane (DBCM) 

(CHBr2Cl) and tribromomethane (bromoform-CHBr3). These compounds have carcinogenic 

properties and other toxic effects on human health. The toxicological effect of THMs on 

human health is reflected through their adsorption during water use and their bioaccumulation 

in liver, kidneys and lungs, which can lead to serious health problems [3–5]. Thus, this paper 

aimed to assess health risk of THMs exposure of children population in swimming pools in a 

coastal area of Montenegro.  
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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 analysed 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 THMs 

testing, 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. THMs in water samples were analysed by GC/ECD with 

Head Space (Agilent 7890). 

Health risk assessment 

Human health risk was calculated for the children population aged from 11 to 14 years. 

Exposure assessment was conducted to evaluate the potential THMs uptake via oral ingestion 

and dermal absorption using the methodology proposed by USEPA [6]. The next equations 

were used for this purpose:  

 

CF
ATBW

EDEFETIRC
CDIing 






                                                                                   (1) 

CF
ATBW

EDEFETKpSAC
CDI der 






                                                                          (2) 

 

where, CDI is the chronic daily dose through ingestion of swimming pool water 

(mg/kg/day); C is THM concentration in swimming pool water (g/L), IR: ingestion rate of 

swimming pool water (0.05 L/event);  ET is exposure time (1 h/event), EF is exposure 

frequency (120 event/year); ED: exposure duration, (4 years);  BW is body weight (48.17 kg), 

AT: averaging lifetime (30 years), CF is conversion factor from micrograms to milligrams 

(0.001). SA is the skin surface area exposed to THMs and Kp is the dermal permeability 

coefficient.  

Carcinogenic and non-carcinogenic health risks of each individual compound were 

assessed as lifetime cancer risk (CR) and hazard index (HI), respectively according to the Eq. 

(3) and (4).  

Based on the multi-exposure routes the total lifetime cancer risk and the total hazard index 

were estimated using the Eq. (3) and (4), respectively: 
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where m presents each one of the three considered THMs; n is a specific exposure route; 

RƒDi and SFi are the reference daily dose and cancer slope factor for each individual 

compound. Factors used in the health risk assessment equations are given in Table 1. Values 

of Kp, RƒD and Sf are obtained from Integrated Risk Information system (IRIS) and Risk 

Assessment Information System (RAIS) [7,8]. If the HI ratio is observed to be less than 1, the 

risk exposure is considered to be controlled at the given exposure scenario. If the observed HI 

ratio is more than 1, significant concern exists on human health and certain risk management 

actions have to be taken. Cancer risk is defined in four classes: negligible risk (CR<10
−6

), 

acceptable low risk (1·10
−6

≤CR<5.1·10
−5

), acceptable high risk (5.1·10
−5

≤CR<10
−4

), and 

unacceptable risk (CR≥10
−4

) [9,10]. 

 

Table 1 Factors used in the risk assessment equations 

Factor Value 

Kp (chloroform), (cm/h) 8.9E-03 

Kp (BDCM), (cm/h) 5.8E-03 

Kp (DBCM), (cm/h) 3.9E-03 

RƒD (chloroform) (mg/kg/day) 0.01 

RƒD (BDCM)ingestion, (mg/kg/day) 0.02 

RƒD (DBCM)ingestion, (mg/kg/day) 0.02 

Sf (chloroform)ingestion, (mg/kg/day) 6.1E-03 

Sf (BDCM)ingestion, (mg/kg/day) 6.2E-02 

Sf (DBCM)ingestion, (mg/kg/day) 8.4E-02 

Sf (chloroform)dermal, (mg/kg/day) 3.1E-02 

Sf (BDCM) dermal (mg/kg/day) 6.33E-02 

Sf (DBCM)dermal, (mg/kg/day) 1.40E-01 

 

RESULTS AND DISCUSSION 

Concentration of THMs in indoor and outdoor swimming pool water samples collected 

from different sampling site in coastal area of Montenegro are given in Table 2. 

Concentrations of bromoform were below the limits of detection or were very low, so in 

further analysis has not been included in risk calculation. Concentrations of total THMs were      

39.31 g/L and 67.96 g/L for indoor and outdoor swimming pools water, respectively, and 

chloroform mainly contribute to the total THMs concentration. Average concentrations of 

total THMs are in accordance to Montenegrin regulations (100 g/L) [11].  

The results of health risk assessment of THMs exposure are given in Table 3 and 4. The 

results obtained indicated there is no non-carcinogenic health risk of individual and total 

THMs, since obtained values of hazard index (HI) were less than one (Table 3). However, the 

results obtained for carcinogenic health risk were of concern. It is evident that for indoor 

swimming pools water, values of lifetime cancer risk (CR) were higher than 10
-6

 for both 

exposure routs, ingestion and dermal contact, which indicates that children population is faced 

with a certain carcinogenic health risk of THMs exposure (Table 4). 
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Table 2 Descriptive statistic of THMs (g/L) content  outdoor swimming pool water                   

(Coastal area of Montenegro 2022) 

Pool Parameter Chloroform BDCM DBCM Bromoform 
Total 

THMs 

Indoor  

Average 34.18 3.93 1.10 0.10 39.31 

Minimum 0.44 0.26 0.22 ND 0.91 

Maximum 87.35 11.08 4.87 1.94 93.80 

Median 29.76 2.98 0.54 1.11 35.18 

SD
* 26.68 2.73 1.28 1.17 27.61 

Outdoor  

 

Average 58.69 6.95 2.40 0.19 67.96 

Minimum 1.13 1.01 0.18 ND 2.19 

Maximum 217.16 29.43 16.19 3.97 237.18 

Median 36.29 3.84 1.00 0.72 43.18 

SD
* 55.19 7.11 3.51 1.45 61.11 

* 
- standard deviation 

 

Table 3 Non-carcinogenic health risk of THMs exposure 

Pool 
Exposure 

pathway 

Chlorofor

m 
BDCM DBCM 

Total 

THMs 

Indoor 
Ingestion 5.68·10

-2
 3.26·10

-3
 9.14·10

-4
 6.09·10

-2
 

Dermal    1.43·10
-1

 5.37·10
-3

 1.01·10
-3

 2.58·10
-1

 

Outdoor 
Ingestion  9.75·10

-2
 5.77·10

-3
 1.99·10

-3
 1.05·10

-1
 

Dermal 2.46·10
-1

 9.51·10
-3

 2.21·10
-3

 2.58·10
-1

 

 

Table 4 Carcinogenic health risk of THMs exposure 

Pool 
Exposure 

pathway 
Chloroform BDCM DBCM 

Total 

THMs 

Indoor 
Ingestion 3.46·10

-6
 4.04·10

-6
 1.54·10

-6
 9.04·10

-6
 

Dermal 4.45·10
-5

 6.80·10
-6

 2.83·10
-7

 5.46·10
-5

 

Outdoor 
Ingestion 5.95·10

-6
 7.16·10

-6
 3.35·10

-6
 1.65·10

-5
 

Dermal 7.64·10
-5

 1.20·10
-5

 6.18·10
-7

 8.90·10
-5

 

 

The values of CR for ingestion, for each THMs and total THMs as well, were in the range 

of acceptable low risk (1·10
−6

≤CR<5.1·10
−5

). On the other hand, children population was 

faced with acceptable high risk of chloroform exposure, acceptable low risk of BDCM and 

negligible risk of DBCM exposure via dermal contact. Risk of exposure to the total THMs 

characterised as acceptable high risk.  

As for carcinogenic risk of THMs exposure for outdoor swimming pools, CR values of 

chloroform, BDCM and DBCM exposure were in the range of acceptable low risk, but 

acceptable high risk of total THMs exposure was obtained for the ingestion pathway. As in 

case of indoor swimming pools water, dermal contact presents the higher carcinogenic risk for 

children population in outdoor swimming pools, and it is characterised as acceptable high risk 

of total THMs and individual THMs, chloroform and BDCM. The risk of DBCM exposure 

via dermal contact was at negligible risk.  
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CONCLUSION 

The results of water quality testing sampled from indoor and outdoor swimming pools on 

the Montenegrin coast during the summer season (June–September) in 2022 showed that 

content of total THMs is in accordance to Montenegrin regulations, i.e. the content of total 

THMs was below the maximum allowed concentration of 100 μg/L prescribed by 

Montenegrin legislation. 

The health risk associated with THMs exposure in swimming pools water indicated that 

children population was not faced with noncarcinogenic health risk but there is certain 

carcinogenic health risk which was characterised as acceptable low for ingestion pathway and 

acceptable high for the exposure via dermal contact. It is necessary to include analysis of 

THMs in swimming pools water in monitoring programmes on regular basis. 
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Abstract 

Acrylamide is a chemical, often present in potato chips, classified as carcinogen and toxicant. Since 

potato chips is consumed widely in Montenegro, especially in young population, determination of 

acrylamide in potato chips is of high interest. In this study, acrylamide was monitored in 51 samples 

of chips sampled from Montenegrin market. Its concentration was determined using liquid 

chromatography-mass spectrometry, LCMS. Moreover, carcinogenic health risk was assessed for the 

four population groups aged 10–14 years and 15–17years, 18–24 years and 25–44 years. The results 

have shown that quality of chips samples were in accordance with the EU directive (EU 2017/2158)) 

in 98% of tested samples i.e. the acrylamide content was below 750 μg/kg. Moreover, there is an 

acceptable low risk of acrylamide exposure for investigated population groups and the youngest 

population (10–11 years) was under the highest risk. 

Keywords: health risk, acrylamide, potato chips. 

 

INTRODUCTION 

Acrylamide is at room temperature an odorless and colorless crystalline solid which is 

readily soluble in water and polar solvent such as acetone, methanol and ethanol and almost 

insoluble in non-polar solvents with a molecular formula CH2=CH–CO–NH2, molecular 

weight of 71.08, boiling point of 125°C, melting point of 84.5°C and density of 1.27 g/ml 

(25°C) [1]. It is chemical agent that is used for producing of polymers and copolymers. Also, 

it has been shown that acrylamide is formed in carbohydrate foods when prepares at         

high-temperature (>120°C) processing such as cooking, frying, toasting, roasting or baking. It 

happens when amino acid asparagine reacts with sugars especially glucose and fructose as a 

result of the Maillard reaction [2] and is mainly identified in potato chips, coffee and bread 

[3]. 
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Acrylamide is classified as “probably carcinogenic to humans” according the International 

Agency on Research on Cancer (IARC) due to their toxic properties such as neurotoxicity, 

genotoxicity in both somatic and germ cells, carcinogenicity, and reproductive toxicity [4]. 

Considering the carcinogenic effects of acrylamide on one hand and the high consumption 

of chips in young Montenegrin population on the other hand, determination of this 

contaminant in potato chips consumed in Montenegro and the respective health risk 

characterization and finally assessment becomes necessary. Thus, the aim of this study was to 

investigate the content of acrylamide in potato chips sampled from Montenegrin market and 

to assess the carcinogenic health risk of acrylamide exposure for different population groups. 

 

MATERIALS AND METHODS 

Sampling and analysis 

Experimental methods included methods of sample preparation for analysis and 

determination of arylamide content. In this study 51 sample of potato chips sampled from 

Montenegrin market were analysed by liquid chromatography-mass spectrometry, LCMS 

using an Agilent 1260 Infinity LC system coupled to an Agilent 6465B triple quadrupole 

LCMS system. Samples were preparad by homogenization, extraction (using deionized water, 

acetonitrile and a mixture of salts and buffers according to the QuEChERS EN method 

(EN15662)) and purification. 

 

Health risk assessment 

Carcinogenic health risk assessment of acrylamide content in potato chips was evaluated 

through the target coefficient carcinogenic risk (CR). The health risk was assessed for four 

populations of aged 10–14 years and 15–17 years, 18–24 years and 25–44 years. Next 

equations were used for the evaluation of carcinogenic health risk of acrylamide exposure: 

 

    
              

      
                                                                                                               (1) 

 

                                                                                                                            (2) 

 

     ∑                                                                                                                         (3) 

 

where: CDI is the daily intake (mg/kg/day), IRi is the intake of the (g/day), EDi is the 

duration of exposure (year), EFi is the frequency of exposure (year/day), BW is the average 

body weight (kg), AT is the mean time of action of acrylamide (AT=EFi·EDi) and CSF is a 

cancer slope factor for acrylamide. 

Factors used in the health risk assessment equations are given in Table 1. Cancer risk is 

defined in four classes: negligible risk (CR<10
-6

), acceptable low risk (1·10
-6

≤CR<5.1·10
-5

), 

acceptable high risk (5.1·10
-5

≤CR<10
-4

), and unacceptable risk (CR≥10
-4

) [5,6]. 
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Table 1 Factors used in the risk assessment equations 

Parameter 
Population 

Ref. 
10–14 years 15–17 year 18–24 year 25–44 year 

IRi (g/day) 5.28 4.59 5.96 2.51 [7] 

EDi  (year) 6 6 70 70 [8] 

EFi (year/day) 365 365 365 365 [8] 

BW (kg) 51.74 69.34 75.52 78.96 [7] 

AT (day) 2190 2190 25550 25550 [8] 

CSF (mg/kg/day)
-1 

0.5 0.5 0.5 0.5 [9]
 

 

RESULTS AND DISCUSSION 

Descriptive statistic of acrylamide content in the tested samples of potato chips is given in 

Table 2. The values of acrylamide content were ranged from 49.3 μg/kg to 1089.30 μg/kg 

with an average value of 238.38 μg/kg. The average value of acrylamide content in potato 

chips sampled from Montenegrin market was below the maximally allowed concentration of 

750 μg/kg prescribed by the EU directive ((EU) 2017/2158)) [10]. Only one of 51 tested 

samples was not in accordance with the EU legislative, i.e. 2% of tested sample. The average 

value of acrylamide content in chips obtained in this study (238.38 μg/kg) was significantly 

lower than the value of acrylamide content in chips obtained in studies conducted by the 

European Agency for Food Safety (EFSA) of 758 μg/kg [11]. 

 

Table 2 Descriptive statistic of acrylamide content (μg/kg) in potato chips 

Average Minimum Maximum SD
*
 

238.38 49.30 1089.30 21.36 
*
Standard deviation. 

 

The results of the assessment of the carcinogenic health risk due to the effect of acrylamide 

through the consumption of chips for the studied population are shown in Table 3.  

 

Table 3 CR values of acrylamide exposure through the potato chips consummation 

Parameter 
Population 

(10–14 years) (15–17 years) (18–24 years) (25–44 years) 

Average 1.21·10
-5

 7.89·10
-6

 9.41·10
-6

 3.79·10
-6

 

Minimum 2.50·10
-6 

1.63·10
-6

 1.95·10
-6

 7.83·10
-6

 

Maximum 5.03·10
-5

 3.61·10
-6

 4.30·10
-6

 1.73·10
-6

 

SD
* 9.72·10

-6
 6.33·10

-6
 7.55·10

-6
 3.04·10

-6
 

*
Standard deviation. 

 

The obtained values ranged from 10
-6

 to 10
-5

. The mean values of the carcinogenic risk 

(CR) due to the consumption of potato chips ranged from 3.79·10
-6

 to 1.21·10
-5

. The values of 

CR from the consumption of chips for the studied populations can be arranged in order                      

CR (10–14 years) ˃ CR (18–24 years) ˃ CR (15–17 years) ˃ CR (25–44 years). The highest 

carcinogenic risk from the consumption of chips (1.21·10
-5

) was obtained for the youngest 

population aged 10–14 years. The values of the carcinogenic risk for other populations were 
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calculated to be 9.41E-06, 7.89E-06 and 3.71E-06, for the populations of 18–24 years, 15–47 

years and 25–44 years, respectively. The values of cancer risk (CR) obtained in this study 

were in the range of acceptable low risk (1·10
-6
CR5.1·10

-5
). 

 

CONCLUSION 

The results of investigation of acrylamide content in potato chips from Montenegrin 

markets showed that 98% of the tested samples met the criteria prescribed by the European 

Union directive ((EU) 2017/2158). However, there is a potential carcinogenic risk from the 

effects of acrylamide for all the investigated populations through the consumption of potato 

chips. The highest carcinogenic risk from the consumption of chips was recorded for the 

youngest population aged 10–14 years.  
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Abstract  

The aim of this work was to evaluate the impact of anthropogenic pollution on the bioaccumulation of 

heavy metals in the muscle of the northern pike (Esox lucius L.1758). The specimens were caught at 

the four sites of the Belocrkvan lakes. The heavy metal concentration was analysed and based on this, 

the estimated daily intake (EDI), target hazard quotient (THQ) and carcinogenic risk (CR) were 

calculated to assess the risk to human health. The results showed that the values of the calculated 

indices were acceptable, so that the consumption of northern pike muscle from the Belocrkvan Lakes 

should not pose a health risk. 

Keywords: heavy metals, risk assessment, northern pike, artificial lakes. 

 

INTRODUCTION 

Pollution of the aquatic environment remains a serious problem despite years of research 

and monitoring [1]. Heavy metal pollution is a consequence of increasing urbanisation and 

industrialisation. Metals and metalloids are considered dangerous pollutants because they can 

enter the food chain and accumulate there, which is harmful to human health [2]. The 

pollution of aquatic ecosystems by heavy metals is a burning issue worldwide, mainly due to 

the toxicity of these elements, their long persistence, their bioaccumulation and their 

biomagnification in the food web [3]. Heavy metals in aquatic ecosystems originate from two 

sources: from the natural geological background and from anthropogenic activities, such as 

industrial and agricultural emissions and atmospheric deposition [4]. 

Since aquatic organisms, including fish, can accumulate high levels of contaminants such 

as metals that can enter the human body through food, strict monitoring of metal 

contamination in fish flesh is advisable [5]. In the case of the northern pike, it is important to 

note that it is a carnivorous fish [6] and a common top predator [7] and is therefore exposed to 

metal contamination from various sources originating from the entire aquatic food web. 
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The northern pike (Esox lucius Linnaeus, 1758) is a typical sit-and-wait and a common top 

predator in many temperate freshwaters [8–10]. The northern pike is a piscivorous and 

photophilic species strongly dependent on backwaters and vegetated river areas for spawning 

and recruitment. It is thought to be a good bioindicator for ecotoxicological studies of aquatic 

ecosystems for several reasons: abundance, trophic position (top predator), feeding 

characteristics, small size of activity centre and great importance for commercial, recreational 

and sport fisheries [8,10]. 

Heavy metal concentrations are usually measured in fish muscle (the main food product) 

and only sometimes in whole fish and individual metabolic organs such as gonads, gills and 

liver. However, lower concentrations of metals generally accumulate in the muscle. 

The Bela Crkva Lakes are a group of six larger and several smaller artificial lakes near the 

town of Bela Crkva in the province of Vojvodina. The Bela Crkva Lakes differ in size, depth, 

time of formation and morphological characteristics. They are artificial, crystal-clear lakes 

with a total surface area of 150 hectares, created by the extraction of gravel from the soil of 

the Pannonian Basin for industrial purposes. The water from the lakes is used for water supply 

and irrigation of agricultural land. They have a consistent water quality and a similar fish 

population, which is due to the artificial colonisation of fish in the lakes. 

In this study, we analysed the concentrations of elements (As, Cd, Co, Cr, Cu, Hg, Mn, Ni, 

Pb and Zn) in the muscles of northern pike to assess the potential risk to humans from 

consuming pike meat as part of the diet by calculating appropriate target hazard ratios and 

hazard indices for the elements studied. 

 

MATERIALS AND METHODS 

Sampling 

The 20 specimens of northern pike (E. lucius) were caught in four sampling locations/lakes 

(15
th

/16
th

 November 2023) (Figure 1). Electrofishing device PER-MB (2.0 KW, 1300/600 V 

max.) was applied for fish sampling. Collection of fish samples was performed using a set of 

standing gillnets with a mesh diameter of 10–60 mm. Fish weight and total length were 

measured in situ.  

 

  
Figure 1 Sample localities and collected fish specimens  
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Sample analysis 

In the laboratory, the samples were dried using a GAMMA 1-16 LSCplus Freeze Dryers 

Rotational-Vacuum-Concentrator (Germany), and sample portions between 0.2 and 0.4 g dry 

weight were subsequently processed in a microwave digester (SpeedWave XPERT, Berghof)  

using 6 ml of 65% HNO3 and 2 ml of 30% H2O2 (Merck Suprapur). The following 

temperature program was used (default food program): 10+10 min–160°C; 5+20 min–190°C; 

and 1+10 min–50°C. 

After cooling, digested samples were quantitatively transferred into polypropylene 

volumetric flasks and diluted to volume of 10 ml with ultrapure water (Milli Q water, Thermo 

Scientific, UK). In order to assess the possible presence of trace elements in reagents or carry-

over effect of digestion vessels, two reagent blank samples were prepared during sample 

preparation, one per each session, according to the described procedure. These samples were 

analyzed in each analytical batch. The prepared samples were analysed with an ICP-MS 

instrument (ICP-MS, iCAP Qc, Thermo Scientific, UK) to determine the mercury 

concentration. The standard Mercury Standard, Merck, whose initial concentration is         

1000 mg/L, was prepared, from which a corresponding standard solution series was prepared 

by dilution. The results obtained are given as the mean of three repeated measurements of 

each sample. 

Inductively-coupled plasma optical spectrometry (ICP-OES, Avio 200, Perkin Elmer) was 

used to measure the concentration of nine elements in the fish muscle samples. The detection 

limit of each sample was verified based on the instrumental detection limit, sample mass (g), 

and volume to which the sample had been diluted. The average detection limits for each of the 

assessed elements were (mg kg
-1

 dw): As (0.223), Cd (0.010), Co (0.019), Cr (0.029),             

Cu (0.046), Mn (0.032), Ni (0.090), Pb (0.271) and Zn (0.031). 

Comparison of trace element concentrations in muscle samples with the maximum allowed 

concentrations (MAC) in fish meat for the utilization in human diet, established by the 

European Union (EU) [11] and the national legislation of Serbia [12], was conducted by 

recalculating concentrations to wet tissue weight (ww), as ratio between dry weight and wet 

weight of the sample, multiplied by element concentration measured in dry weight. 

Health risk analysis 

Estimated daily intake 

The assessment of risk associated with consumption of heavy metals contained in fish 

muscle was performed using following indices.  

The estimated daily intake (EDI; in mg kg
-1

 day
-1

) of heavy metals through the 

consumption of fish muscle was calculated using the following equation [13,14]: 

 

EDI = (Ci · IR)/BW 

 

where: Ci is the element concentration in the fish muscle (mg kg
-1

 wet weight); IR is the 

fish muscle ingestion rate (0.03 kg day
-1

); and BW is the average body weight (70 kg for 
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adults). The resulting EDI values were compared with the reference (safe) oral dose of the 

element (RfD) [15,16].  

Human health risk assessment 

The non-carcinogenic target hazard quotient (THQ) was calculated by the equation: 

THQ = [(EF · ED · IR · Ci)/(RfD · BW · AT)] · 10
-3

 

 

where: EF is the exposure frequency (365 days year
-1

); ED is the exposure duration 

equivalent to the average human lifetime (70 years); IR is the fish muscle ingestion rate      

(30 g day
-1

); Ci is the element concentration in the fish muscle (mg kg
-1

); RfD is the oral 

reference dose for contaminant (mg kg
-1

 day
-1

); BW is the average body weight (70 kg for 

adults); and AT is the exposure time for non-carcinogens (365 days year
-1

 ED). To evaluate 

the potential risk of adverse health effects from a mixture of elements the hazard index (HI) 

was calculated as the sum of THQ for each element: 

 

HI = ΣTHQi 

 

The carcinogenic risk (CR) was calculated for Cr, Ni, and Pb, using the formula: 

 

CR = [(EF · ED · * IR · Ci · CSF)/(BW · AT)] · 10
-3  

 

CSF, is the cancer slope factor set by the US EPA [16].  

 

RESULTS AND DISCUSSION 

The age of sampled northern pike individuals was from 1
+
 to 2

+
, with equally distributed 

male and female individuals. The biometric analyses of sampled fish specimens are presented 

in the Table 1. 

 

Table 1 Body length and weight of sampled northern pikes specimens 

length ± SD (mm) weight ± SD (g) 

31.42±9.20 232.79±332.98 

 

The concentration of various heavy metals (Cd, Co, Cr, Mn, Ni, Pb, Zn) in the edible part 

(muscle) of fish from the Belocrkvan Lakes is shown in Table 2. 

The concentrations of As and Cu in the fish muscle were below the detection limit. 

Furthermore, the concentrations of Cu, Hg and Zn in the muscle did not exceed the MACs, 

with the exception of the one muscle sample for Hg (1.102 mg/kg), prescribed by the EU [11] 

and/or the national legislation [12] meaning that there was no human health risk due to 

consumption of northern pike meat. 
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Table 2 Concentrations of measured elements 

Elements Cd Co Cr Hg Mn Ni Pb Zn 

Average 0.005 0.138 0.282 1.989 1.369 0.531 0.407 24.637 

SD 0.007 0.033 0.064 1.701 0.806 0.152 0.128 18.516 

 

In the current study, the muscle in particular was selected for analysis, as it is the only 

edible tissue and therefore the concentration of toxicants in it is important. Fish muscle is 

considered a target tissue for Hg accumulation [17–19], which could explain the higher Hg 

concentrations in this study. 

According to the Environmental Protection Agency (EPA), human health risk assessment 

is defined as the process of estimating the nature and likelihood of adverse health effects in 

humans exposed to chemicals in contaminated environmental media. In our study, risk 

assessment is estimated using parameters: EDI, THQ, HI and target cancer risk TR. 

The values for the above-mentioned indices for metals from the consumption of fish     

Esox lucius are listed in Table 3. 

 

Table 3 Estimated daily intake (EDI), Target hazard quotient (THQ), Hazard index (HI) and 

carcinogenic risk (CR), values as represented as mean 

Elements EDI THQ HI CR 

Cd 2.202E-05 8.806E-05 4.403E-06 2.934E-10 

Co 5.915E-05 3.93E-04 1.972E-04 - 

Cr 1.207E-05 8.00E-04 4.025E-05 6.049E-08 

Hg 8.52E-04 - - - 

Mn 1.9E-05 8.383E-05 4.19168E-06 - 

Ni 2.276E-04 2.30E-04 1.138E-05 3.869E-07 

Pb 1.743E-04 9.60E-04 4.842E-05 1.481E-09 

Zn 0.0106 7.00E-04 3.52E-05 - 

 

The estimated daily intake (EDI, in mg kg
-1

 day
-1

) of heavy metals from the consumption 

of 30 g of fish muscle ranged from 1.207E-05 (for Cr) to 0.0106 (for Zn) (Table 3). 

According to the NYS DOH [20], if the ratio between the EDI value of an element and the 

RfD value is equal to or less than the RfD value, the risk is minimal; if it is 1–5 times higher 

than the RfD value, the risk is low; if it is 5–10 times higher than the RfD value, the risk is 

low; if it is 10 times higher than the RfD value, the risk is high. In the present study, the EDI 

values were below the RfD, which means that the risk was minimal. 

The target hazard quotient ranged from 8.383E-05 (for Mn) to 9.6E-04 (for Pb) (Table 3). 

This parameter deals with individual heavy metal, but food usually contains more than one 

heavy metal, as can be seen in the case of fish muscle, in which six heavy metals were 

detected. So it becomes mandatory to calculate the hazard Index (HI). Like the THQ, the HI 

should not exceed 1. Lower HI values were observed in our study. 

According to the US EPA [21], a lifetime CR below 1E-06 is negligible, a risk above     

1E-04 is unacceptable, and a range of 1E-06–1E-04 is acceptable. In this study, the CR was 
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calculated for Cd, Cr, Ni and Pb and the values obtained showed that the cancer risk is 

negligible (Table 3). 

 

CONCLUSION 

Since the values for EDI of heavy metals, THQ and CR were within acceptable ranges, the 

consumption of northern pike muscle meat from the Belocrkvan lakes should not pose a 

health risk. It can be concluded that the northern pike muscle in the study conducted is 

acceptable for human consumption. 

 

ACKNOWLEDGEMENT 

This research was funded by the Ministry of Science, Technological Development and Innovation 

of the Republic of Serbia, Contract Nos. 451-03-66/2024-03/200007, 451-03-66/2024-03/200125 and 

451-03-65/2024-03/200125.  

 

REFERENCES 

[1] Singh A., Sharma A., Verma R.K., et al., Heavy Metal Contamination of Water and Their 

Toxic Effect on Living Organisms in The Toxicity of Environmental Pollutants, Editor: 

Dorta D.J., IntechOpen, Sao Paolo (2022), p.302, ISBN: 978-1-80355-580-5. 

[2] Jarić I., Višnjić-Jeftić Ž., Cvijanović G., et al., Microchem. J. 98 (2011) 77–81. 

[3] Carneiro M.F.H., Grotto D., Barbosa F., J. Toxicol. Environ. Health. Part A 77(1–3)  

(2014) 69–79.  

[4] Carrasco L., Barata C., García-Berthou E., Chemosphere 84(11) (2011)  1642–1649. 

[5] Arroyo-Abad U., Pfeifer M., Mothes S., et al., Environ. Pollut. 208 (2016) 458–466. 

[6] Jovičić K., Janković S., Nikolić D.M., et al., Knowl. Manag. Aquat. Ecosyst. 424(4) 

(2023) 1–9. 

[7] Nikolić D., Skorić S., Janković S., et al., Environ. Monit. Assess. 193 (2021) 229. 

[8] Simonović P. Ribe Srbije [Fish of Serbia], NNK International, Belgrade (2006), p.247, 

ISBN: 86-83635-60-0. 

[9] Nilsson P.A., Oikos 113 (2006) 251–258. 

[10] Craig J.F., A short review of pike ecology, Hydrobiologia 601 (2008) 5–16. 

[11] EU Commission Regulation (EC) No. 2023/915 of 25 April 2023 on maximum levels for 

certain contaminants in food and repealing Regulation (EC) No 1881/2006 (Text with EEA 

relevance) Official Journal of the European Union, 119. 

[12] Official Gazette of the Republic of Serbia Nos 22/2018 & 90/2018, 2018. Regulation on 

the maximum allowed quantities of residues of plant protection products in food and feed 

and on food and feed for which the maximum permitted quantities of residues of plant 

protection product. 

[13] Zhou M., Wu Q., Wu H., et al., Aquaculture 535 (2021) 736366. 

[14] Nędzarek A., Czerniejewski P., Sci. Total Environ. 828 (2022) 154435. 



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

 

530 

 

[15] Li Z., Ma Z., van der Kuijp T.J., et al., Sci. Total Environ. 468–469 (2014) 843–853. 

[16] U.S. E.P.A. United States Environmental Protection Agency, 2023. Regional Screening 

Level (RSL) summary table (TR=1E-06, HQ=1). 

[17] Amundsen P.A., Staldvik F.J., Lukin A.A., et al., Sci. Total Environ. 201(3) (1997)    

211–224. 

[18] Jovičić K., Nikolić D.M., Višnjić-Jeftić Ž., et al., Sci. Pollut. Res. 22(5) (2015)         

3820–3827. 

[19] Nikolić D., Skorić S., Rašković B., et al., Chemosphere 244 (2020) 125503. 

[20] N.Y.S. D.O.H. Nev York State Department of Health, 2007. Hopewell precision area 

contamination: Appendix C – NYS DOH, In: Procedure for evaluating potential health risk 

for contaminants of concern.  

[21] U.S. E.P.A. United States Environmental Protection Agency, 2000. Guidance for 

Assessing Chemical Contaminant Data For Use In Fish Advisories, vol 2. Risk Assessment 

and Fish Consumption Limits, 3
rd

 edit.  



 

531 
 

 

OPTIMIZATION OF PREPARATION PROCEDURES FOR FUNGAL INFECTED 

PLANTS BY FTIR ANALYSES 

 

Vitaly Erukhimovitch
1*

, Mahmoud Huleihel
1 

1
Ben-Gurion University of the Negev, Faculty of Health Sciences, 84105 Beer-Sheva, 

ISRAEL 
*
evitaly@bgu.ac.il 

 

Abstract 

Efficient and swift identification of phytopathogens responsible for plant diseases plays a crucial role 

in devising effective control strategies. Currently available methods for identifying fungi are often 

time-consuming and lack specificity. Fourier-transform infrared (FTIR) microscopy has emerged as a 

comprehensive and sensitive analytical tool for detecting molecular changes in cells. Given the 

similarity in spectra among different fungal pathogen species, selecting the most suitable sample 

preparation procedure becomes paramount to enhance species discrimination. In this study, we 

evaluated three potential procedures for preparing pathogen samples for examination using FTIR 

microscopy. Our findings indicate that directly preparing fungal samples from liquid growth media is 

the optimal method for FTIR microscopy examinations, offering improved results in the discrimination 

of fungal species. 

Keywords: FTIR microscopy, fungi, spectral characteristics, fungal detection, agar. 

 

INTRODUCTION 

Fungal pathogens are recognized as a prevalent cause of severe diseases in various plants, 

often resulting in substantial economic damage [1]. One example is Colletotrichum coccodes, 

a significant pathogen affecting potato and tomato crops [2]. Early identification is crucial for 

precisely targeting pathogens with the most effective treatments, thereby preventing 

significant economic losses. However, the currently available commercially-based 

identification systems, relying on the physiological and nutritional characteristics of fungi, are 

often time-consuming, taking 2–4 weeks, and lack specificity. 

Spectroscopic techniques offer promising avenues for the detection and identification of 

microorganisms due to their sensitivity, speed, cost-effectiveness, and simplicity. 

Additionally, these techniques provide rich qualitative and quantitative information about a 

given sample, with each compound's spectrum acting as a unique "fingerprint" [3,4]. 

Leveraging the extensive knowledge about spectral peaks from FTIR spectra of living cells 

[5,6], these spectroscopic methods become attractive for detecting and identifying intact 

biomolecules and living cells, including pathogens. These techniques have previously been 

employed in the detection and characterization of cancer cells [7,8], cells infected with viruses 

[9,10], and various microorganisms, including certain fungi [4,6,11–13]. 

In the present study, we assessed the reliability of three different procedures for preparing 

fungal slides suitable for examination by FTIR microscopy. 
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MATERIALS AND METHODS 

Fungi 

Two distinct isolates (112 and 136) from the Colletotrichum coccodes genus, a prominent 

pathogen affecting potato and tomato crops, were employed in this study. Cultures of the 

fungi were nurtured at 27°C for 3–4 days, either on solid Potato Dextrose Agar (Difco) or in 

liquid Czapek Dox Broth (Difco) with continuous shaking at 500 rpm. 

Procedures used for the purification of fungi samples  

In the present investigation, we compared between three possible procedures of pathogen 

sample preparation for their examination by FTIR microscopy. Fungi suspension was 

prepared by three different procedures:  

1. Picking up from the growing fungi on the agar,  

2. Same by adding of distilled water,  

3. The fungi growth in appropriate liquid media.  

The obtained samples were examined by FTIR microscopy. 

Sample preparation for FTIR microscopy 

A 1 µl droplet of the obtained fungal suspension was deposited onto a specific area on a 

zinc selenide crystal, air-dried for 15 minutes at room temperature (or 5 minutes with air 

drying in a laminar flow), and subsequently analyzed using FTIR microscopy.  

FTIR spectra measurement  

FTIR measurements were performed in the transmission mode with a liquid-nitrogen-

cooled MCT detector of the FTIR microscope (Bruker IRScope II) coupled to an FTIR 

spectrometer (BRUKER EQUINOX model 55/S, OPUS software). The spectra were obtained 

in the wave number range of 600–1800 cm-1. Spectral resolution was set at 4 cm-1. Baseline 

correction using the rubber band method and vector normalization were obtained for all 

spectra by OPUS software. Peak positions were determined by means of a second derivation 

method by OPUS software. Since the samples to be analyzed were often heterogeneous, 

appropriate regions were chosen by FTIR microscopy so as to eliminate different impurities 

(salts, medium residuals, etc.). For each sample, the spectrum was taken as the average of five 

different measurements at various sites of the sample. Each experiment with each sample was 

repeated five times and average of obtained results was determined.  

 

RESULTS 

FTIR spectra of fungi strains prepared by the different preparation procedures 

Fungal strains 112 and 136 were prepared using the aforementioned methods and subjected 

to FTIR microscopy analysis. The average FTIR spectra of fungi species 112 and 136 are 

depicted in Figures 1A and 2A, respectively, as acquired through the examined procedures. 

While the spectra exhibit a general similarity, notable differences attributable to the specific 

procedures employed are evident. Notably, the spectral outcomes appear susceptible to 

interference from agar remnants, as indicated by pronounced absorbance peaks in the      

1000–1100 cm-1 range corresponding to carbohydrate bands of pure agar (Figures 1A, 2A). 
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The substantial absorbance peaks of agar have the potential to significantly impact the fungal 

spectra if the samples are not thoroughly purified from any residual agar.  

 

 
Figure 1 FTIR spectra of fungi isolate 112 prepared by three different procedures and of pure agar. 

(A) at the region 600–2000 cm
-1

; (B) at the region 1000–1100 cm
-1

. Results are means of 5 different 

members of this species and separate experiments for each sample.                                                     

The SD for these means was ≤0.01 

 

 
Figure 2 FTIR spectra of fungi isolate 136 prepared by three different procedures. (A) at the region 

600-2000 cm
-1

; (B) at the region 1000-1100 cm
-1

. Results are means of 5 different members of this 

species and separate experiments for each sample. The SD for these means was ≤0.01 
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Comparison of IR spectra in the 1000–1100 cm-1 region 

As illustrated in Figures 1B, distinct and intense absorbance peaks of agar emerge 

prominently at 1044 and 1075 cm-1. The spectrum of the fungi examined using procedure 1 

exhibits two discernible peaks in this region, aligning closely with the positions of the peaks 

observed in pure agar, as depicted in Figures 1B and 2B. Conversely, the results obtained 

through procedure 2 also display two peaks in this region, but with a noticeable shift 

compared to both the agar peaks and the peaks obtained in procedure 1 (Figures 1B, 2B). 

Notably, procedure 3 yields two peaks in this region, demonstrating a remarkable deviation 

from the agar peaks (Figures 1B, 2B). 

 

DISCUSSION 

Plants face a myriad of threats from various fungal pathogens belonging to different 

genera, posing a significant risk to crops and directly impacting the economy. The severity of 

fungal infections underscores the importance of early identification of the specific fungal 

pathogen, a crucial factor in determining the most effective treatment strategy. Spectroscopy 

has gained increasing prominence in discriminating and identifying microorganisms [11]. The 

challenges of reproducibility encountered by scientists [13] appear to have been overcome by 

establishing standardized conditions for cell growth and sample preparation [11]. Through 

these precautions, several scientists have markedly enhanced their capacity to identify diverse 

microorganisms using spectroscopic methods [12,14–16]. This study focuses on assessing the 

potential of FTIR microscopy for identifying fungal pathogens. In the initial phase, we 

explored and evaluated various methods for preparing fungal slides, aiming to identify the 

most reliable approach for subsequent analyses. Our findings indicate that Procedure 1, 

involving direct extraction of fungi from agar, is unsuitable for fungal identification due to 

significant contamination with agar remnants. FTIR microscopy results (Figures 1, 2) reveal 

that pure agar exhibits robust spectral peaks in the 1000–1100 cm-1 region, completely 

obscuring the authentic spectral peaks of the fungi in this range. Conversely, Procedure 3, 

which involves growing fungi in liquid media without agar, yielded the best results, free from 

any agar-related interference. Procedure 2, wherein fungi are suspended in distilled water 

from agar, also produced satisfactory results. 

 

CONCLUSIONS 

1. Our results showed that procedure 3, based on growing the fungi in liquid media 

without agar, provided the best results for identification of fungi without any effect of agar.  

2. Procedure 1, which based on picking up the fungi directly from the agar, is the worst 

and cannot be used for identification of fungi due to a serious contamination with agar 

leftovers.  
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Abstract 

Fungi pose a significant threat to numerous plants, leading to considerable economic damage. 

Detecting and identifying these pathogens early on is crucial and can be pivotal for effective control 

measures. Current methods for fungi identification are often time-consuming and lack specificity. In 

our study, we employed Fourier-transform infrared (FTIR) microscopy, a proven reliable and 

sensitive technique for detecting molecular changes in cells. Our research demonstrated the efficacy 

of FTIR microscopy as a sensitive and effective assay for detecting and distinguishing between various 

fungal genera. The results revealed notable spectral differences among the different examined fungal 

genera. 

Keywords: fungal pathogens, FTIR microscopy, spectral characteristics. 

 

INTRODUCTION 

Fungal pathogens inflict significant damage on a wide range of crops, causing substantial 

negative impacts on the economy. Early identification is crucial for precisely targeting the 

pathogen and implementing the most effective treatment strategies. Currently, fungal 

identification relies on classic microbiological, biochemical, immunological, and molecular 

methods. However, these approaches prove ineffective for screening a large number of 

samples. For instance, classic microbiological methods involve time-consuming visual and 

microscopic observations of the fungus after cultivation in selective media, taking weeks and 

exhibiting low specificity. Biochemical methods lack efficacy at the isolate level. 

Immunological methods depend on the availability of specific monoclonal antibodies tailored 

to the tested fungi, while molecular techniques, although highly specific, are costly and not 

universally applicable to different isolates [1–8]. 

Infrared spectroscopy is gaining increasing attention as a diagnostic tool for biological 

samples, offering a reagent-free and rapid alternative. Numerous studies have demonstrated 

that FTIR spectroscopy, coupled with multivariate analysis, is an excellent method with 

significant potential for identifying and studying microorganisms, even at the isolate level. 

Infrared spectroscopy can detect biochemical changes at the cellular and sub-cellular levels in 

various phytopathogens. The infrared absorption spectra, reflecting molecular vibrational 

modes, provide characteristic insights into the biochemistry of cells and their sub-cellular 

components [9–15]. 
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MATERIALS AND METHODS 

Fungi 

In the present study, we used the following fungal pathogens:  

1. Pythium spp. – the cause of Damping-off disease on vegetables and flowers. 

2. Fusarium spp. – the causal of wilt diseases in various crops.  

From each genus 40 different species were examined. All fungi were supplied by L. Tsror 

from the Department of Plant Pathology at Gilat Experiment Station, ARO, Israel. These 

fungi were grown on Potato Dextrose Agar (PDA) (Difco) for several days in 27C. 

Sample preparation 

To overcome the strong absorption exhibited by regular glass slides in the wavelength 

range relevant to our study, we opted for zinc selenide crystals known for their high 

transparency to IR radiation. Fungal samples were collected from 3-day-old fungal colonies 

using a bacteriological loop, suspended in 100 µl of saline, and then centrifuged at 1000 rpm 

for 2 minutes to form pellets. Each pellet was re-suspended in 20 µl of saline, and a 1 µl drop 

of the resulting suspension was carefully placed in a specific area on the zinc selenide crystal. 

The samples were air-dried for 15 minutes at room temperature (or for 5 minutes in a laminar 

flow) before being examined using FTIR microscopy. 

FTIR spectra measurement 

FTIR measurements were conducted in the transmission mode using a liquid-nitrogen-

cooled MCT detector on the FTIR microscope (Bruker IR Scope II). This microscope was 

coupled to an FTIR spectrometer (BRUKER EQUINOX model 55/S, OPUS software). 

Spectra were acquired within the wavenumber range of 600–800 cm⁻¹ with a spectral 

resolution set at 4 cm⁻¹. Baseline correction using the rubber band method and vector 

normalization were applied to all spectra using the OPUS software.  

Given the heterogeneous nature of the analyzed samples, specific regions were selected 

using FTIR microscopy to eliminate various impurities such as salts and medium residuals. 

The chosen aperture for this study was 100 µm, as it provided the optimal signal-to-noise 

ratio. Lower apertures resulted in poor spectrum quality due to increased noise levels. Each 

sample's spectrum was obtained as the average of five measurements at different sites on the 

sample. Each experiment for each sample was replicated five times, and it is noteworthy that 

there were no significant differences observed in the spectra across various sites (standard 

deviation did not exceed 0.005). 

Principal component analysis (PCA) 

PCA is an algebraic technique used to analyze the variance within a dataset. It 

accomplishes this by identifying a set of orthonormal vectors, which are the eigen-vectors of 

the covariance matrix, known as principal components (PCs), ordering them in descending 

order due to their eigen-values capturing the maximum variance in the data. These PCs are 

linear combinations of the original vectors. Finally, the original vector is projected on the sub-

space spanned by the first eigen-vectors, and the resulting coefficients are the new data 

representation. While PCA is commonly used for dimensionality reduction, it also serves 

purposes such as data visualization, feature extraction, and noise reduction [16]. This study 
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utilized PCA for data visualization, employing three PCs. The resulting output is a three-

dimensional plot that visualizes the data. 

 

RESULTS AND DISCUSSION 

FTIR microscopy was employed to identify specific spectroscopic biomarkers for 

distinguishing between fungal genera, particularly Pythium spp. and Fusarium spp. Results, 

depicted in Figure 1, revealed unique spectra for each genus despite general similarities. This 

preliminary insight suggests potential spectral parameters for fungal genus identification. 

The dominant bands at 1655 cm
-1

 and 1546 cm
-1

 in all examined fungal spectra were linked 

to protein amide I and II bands, while the shoulder at 1750 cm
-1

 was associated with lipid 

C=O stretching vibrations. These findings align with previous research on bacterial strains, 

supporting the development of reliable detection methods for these pathogens using FTIR 

microscopy. 

 

 
Figure 1 FTIR spectra at the region 600–1800 cm

-1 
of the different examined fungal genera      

(Pythium spp.; Fusarium spp.). Results are means of 20 different species of each genus and separate 

experiments for each sample. The SD for these means was ≤0.01 

 

The band at 1465 cm
-1

 was assigned to the CH2 bending mode of the cell lipids. The band 

at 1460 cm
-1

 represents asymmetric CH3 bending modes of end ethyl groups of proteins [17]. 

The band at 1402 cm
-1

 represents the C=O symmetric stretching of COO- [13] and is 

assigned to lipids [13], and the band at 1377 cm
-1

 represents the C-H bending mode of CH2 

[13]. From information obtained from previous studies [13] we assigned the remaining IR 

bands as follows: The peaks at 1237 cm
-1

 and 1082 cm
-1

 were attributed to asymmetric and 

symmetric stretching vibrations and phospholipids. The peak at 1064 cm
-1

 resulted from the 

overlap of several bands, including absorption due to the vibration modes of CH2OH and the 

C–O stretching vibration coupled to the C-O bending mode of cell carbohydrates [18]. 
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Discrimination between the examined fungi genera 

In order to differentiate between the two fungus genera, we applied PCA. Figure 2 shows 

a 3D plot for the examined fungi. 

 

 
Figure 2 3D plot of the scores of different PCs for the classification between the different fungi 

(Pythium spp. and Fusarium spp.). Each spectrum is represented as one point in this plot.                 

The coordinates of each single point are the coefficients of the used PCs that represent each spectrum 

 

As can be seen from Figure 2, although there are some overlapping points, there is still a 

clear separation between the two categories (Pythium spp. and Fusarium spp.) with 96.3% 

success, as can be seen in Table 1. 

 

Table 1 Confusion matrix of the Linear discriminant analysis (LDA) using the first 15 PCs for 

the classification of the fungi samples 

  Predicted 

  Pythium Fusarium 

T
ru

e Pythium 
39 

(97.5%) 

1 

(2.5%) 

Fusarium 
2 

(5.0%) 

38 

(95.0%) 

 

Success rate is calculated as the sum of truly predicted samples of both Pythium spp. and 

Fusarium spp. divided by the total number of samples. In this case (39+38)/80=0.963. 

 

CONCLUSION 

In the present study, we examined the potential of FTIR microscopy for easy and rapid 

discrimination and identification of various fungi genera, which are responsible for serious 

damage to agriculture. The results obtained in this study: 

1. Provide a unique and consistent spectral marker/s for each of the examined fungi genera. 
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2. Show that the spectral area ranging between 1000 and 1800 cm
-1

 can be considered as an 

important region for easy and reliable discrimination between the various examined fungi 

genera with a 96.3% accuracy. 

Additionally, the fact that the final results could be obtained during a very short time 

(approximately 1 hour) from a small amount of sample supports the possibility of developing 

FTIR spectroscopy as a reliable method for rapid identification of fungal infections in plants.  
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Abstract 

In the period 2020–2022 the Institute for the Application of Nuclear Energy – INEP received 677 

samples of mineral fertilizer for gamma spectroscopic investigation of various compositions. In all 

investigated samples different activity levels of natural (
40

K, 
232

Th, 
226

Ra, 
238

U) and artificially 

produced (
137

Cs) radionuclides were determined. The activity levels of 
137

Cs in all samples were very 

low. Depending on the type and composition of the fertilizer, different levels of natural radionuclides 

were registered. All analized samples were in accordance with activity levels prescribed by the 

Regulations and were imported into Serbia. 

Keywords: mineral fertilizer, radionuclides, gamma-spectrometry. 

 

INTRODUCTION 

In the XXI century the human population faces the issue of hunger and lack of food. In 

1840 Justus von Liebig presented the results of his research on the significance of nutrients 

for plant growth in the British Royal Society and set the basis of modern agriculture and 

production of mineral fertilizers. In the last 100 years the use of mineral fertilizers is 

constantly increasing [1].  

According to their origin, fertilizers can be organic and inorganic (mineral). Inorganic are 

composed of artificially obtained materials and minerals. They can be solid, water-soluble and 

with controlled release of chemical elements; simple (nitrogen, phosphorus and potassium, 

less often calcium) and complex (produced by mixing simple ones) that can be mixed and 

complex [2]. Inorganic fertilizers contain macro and micronutrients. Nitrogen, phosphorous 

and potassium are primary macronutrients, consumed in large quantities and are present in 

plant tissue. Calcium, sulfur and magnesium are secondary macronutrients, while boron, 

chlorine, manganese, iron, zinc, copper, molybdenum and selenium are micronutrients (trace 

elements) [3]. Excessive or too little amount of fertilizer can be harmful. Excessive amounts 

of fertilizer can lead to the burning of plant crops (drying of the roots, damage or even the 

death of the plant). 

Phosphorus fertilizers are the most interesting for our research and they are used in plant 

production in different quantities depending on the supply of phosphorus to the soil and the 

needs of plant species. Phosphorus fertilizers are produced from phosphorus ores: apatite and 
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phosphorite [4]. Depending on the geographical origin of the ores from which they are 

produced and the chemical composition of fertilizers in them, the level of activity of natural 

radionuclides varies [5,6]. When producing phosphorus mineral products from phosphorus 

ores, over 90% of uranium remains in the final products. In countries producing phosphoric 

acid, the problem of extracting uranium from it is being worked on, either for economic and 

technical or environmental reasons. Three extraction procedures for uranium extraction are 

known in the World. The procedure known as DENTRA-TORO has been applied in Serbia in 

the semi-industrial installation located close to the IHP Prahovo factory. The efficiency of 

uranium extraction from phosphorous acid was 90 to 95% [7].  

Radioactive substances from mineral fertilizers that are deposited on the soil can be 

adopted by grown plants, both the above-ground parts of the plant and the root system. The 

adoption of natural radionuclides from phosphorus fertilizers by plants depends on many 

factors [8]. The use of phosphorus mineral fertilizers in agriculture constitutes the largest 

anthropogenic source of 
226

Ra, 
232

Th and 
238

U in soil [9]. Studies have shown that 

radionuclides that are introduced into the soil through mineral fertilizers that contain 

phosphorous can lead to an increase in basic radiation levels in certain regions and can 

represent significant local risks of exposing the population to ionizing radiation [10–12].  

The mineral fertilizer factories in each country are one of the pillars of the overall 

economy and part of the national strategy of each country, as this production is in the function 

of food the Chemical Products Industry in Prahovo (IHP-Prahovo) was founded by the Bor 

Mining and Smelting Basin on September 19, 1960. In 2008, the factory was privatized by the 

Greek company Neochimiki-Athens, but in 2011 IHP Prahovo was introduced into 

bankruptcy. The Elixir Group Šabac, created from the family company Narcis Popovići 

(1998), on 02.08.2012 purchased the bankrupted factory and on 01.02.2013 became its formal 

owner. In 2011 the Elixir Group bought Zorka Šabac. With the purchase of two chemical 

companies, the Elixir Group has become a major producer of chemical components based on 

phosphorus, primarily phosphoric acid, complex mineral fertilizers and feed additives. 

Investment in capacities for the production of mineral fertilizers, as a development potential 

of this branch of the chemical industry, already in 2015 made the Elixir Group the undisputed 

leader in the region. By purchasing two large chemical companies the Elixir Group took over 

a great responsibility of protecting the environment [13]. The Elixir group in 2023 was the 

only producer of artificial NPK fertilizer. Serbia has moved from being a serious producer of 

fertilizers to a serious importer, as many factories producing mineral fertilizers have stopped 

working.  

NP and NPK fertilizers with different formulations are most often imported into Serbia. 

When importing into the Republic of Serbia, gamma spectrometric analysis of mineral and 

organic fertilizers that have the macronutrient element phosphorus in their composition is 

mandatory. Fertilizers that are produced in our country are not subject to mandatory control 

before [14]. According to the Regulations on the limits of the content of natural radionuclides 

in mineral phosphate fertilizers containing the macronutrient element phosphorus, placed on 

the market, the permitted level of activity for 
238

U is 1600 Bq kg
-1

 for mineral fertilizers and 

3200 Bq/kg for raw materials for the production of mineral fertilizers, and for                    
226

Ra 1000 Bq kg
-1

. The permitted activity level for 
40

K is 27000 Bq kg
-1

 for mineral 
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fertilizers containing the macronutrient elements K and/or P, placed on the market and applied 

as raw materials for their production. According to the Regulations fertilizer samples in which 

the measured levels of natural radionuclides are higher than these stated values cannot be 

imported into country [14]. The purpose of this work is to show the activity levels of natural 

(
40

K, 
232

Th, 
226

Ra, 
238

U) and artificially created (
137

Cs) radionuclides in imported mineral 

fertilizers.  

 

MATERIALS AND METHODS 

In the period 2020–2022 the Institute for the Application of Nuclear Energy – INEP 

followed activity levels of the artificial (
137

Cs) and natural (
40

K, 
232

Th, 
226

Ra, 
238

U) 

radionuclides in fertilizer samples containing the phosphorous macronutrient element and 

imported from; Russian Federation, Spain, Greece, France, Italy and other countries.  

Fertilizer samples (677) were taken by the phytosanitary inspection and sent to be analyzed 

in INEP, where they were homogenized, puted in 1 L Marinelli containers and measured. 

Gamma spectrometric measurements of fertilizer samples were performed according to the 

standard method of the International Agency for Atomic Energy [15]. The semiconducting 

high purity germanium detector of the n-type, produced by ORTEC-AMETEK, USA was 

used. The 8192 channel detector has a resolution of 1.65 keV and relative efficiency of 34% 

at 1.33 MeV for 
60

Co. The samples were measured for 60000 seconds and spectral analysis 

was performed using the Gamma Vision 32 software. The activity level of 
238

U on the lines: 
234

Th (63 and 93 keV) and 
234

Pa (1000 keV), 
226

Ra on the lines: 
214

Bi (609, 1120 and         

1764 keV) and 
214

Pb (295 and 352 keV), while 
232

Th on the lines 
228

Ac (338, 911 and         

969 keV). The activity level of 
40

K was determined based on the gamma line at 1460.8 keV, 

while for 
137

Cs it was at 661.6 keV [16]. Detector calibration was performed using two 

different radioactive reference materials in Marinelli geometry. The total measurement 

uncertainty that includes many elements was lower than 20%. Quality control of gamma 

spectrometric measurements used for the analysis was performed using a calibration standard 

and reference materials and also by yearly participation in comparisons organized by the 

International Atomic Radiation Agency. 

 

RESULTS AND DISCUSSION 

This work presents the activity levels of radionuclides in imported fertilizer samples (677). 

All samples contained natural radionuclides (
40

K, 
232

Th, 
226

Ra, 
238

U) and the artificial 

radionuclide (
137

Cs). During 2020–2022 INEP received 384 samples of NPK fertilizer (75 

formulations 15-15-15, 171 formulations 16-16-16, 30 formulations 20-20-20, 41 formulation 

16-16-8, 67 different formulations). Low levels of activity of 
226

Ra and 
238

U were measured in 

104 samples of NPK fertilizer and 36 NPK fertilizer samples had a low 
40

K content. Imports 

also included 69 samples of NP fertilizer and 84 samples of MAP. 

Table 1 shows the type of investigated fertilizer, import year, average radionuclide activity 

levels (Bq kg
-1

), minimal and maximal values for fertilizers imported between 2020 and 2022. 

The activity levels of 
137

Cs in all samples were low and can be ignored (<4.0 Bq kg
-1

). The 
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activity levels of 
232

Th in fertilizers were up to 43.0 Bq kg
-1

, and the average activity levels 

are higher than the values shown in previous research [17]. 

 

Table 1 Fertilizer type, investigation year, average radionuclide activity levels (Bq kg
-1

), minimal and 

maximal values of radionuclide activity levels (Bq kg
-1

) 

Fertilizer 

type 
Year 

137
Cs 

40
K 

226
Ra 

232
Th 

238
U 

Bq kg
-1

 

 

15-15-15 (75) 

2020 (12) 1.3 3683 20.5 9.1 39.9 

2021 (21) 0.8 3685 32.9 7.6 93.0 

2022 (42) 0.7 2812 70.0 8.0 125 

Min-max 0.3–2.3 1256–4147 7.0–409 4.0–29.0 10.0–510 

 

16-16-16 

(171) 

2020 (83) 1.2 4096 23.1 20.8 49.4 

2021 (65) 0.9 3800 66.6 23.0 107 

2022 (23) 0.7 2951 19.9 20.7 33.2 

Min-max 0.4–1.8 1390–4622 10.0–674 2.0–41.0 4.0–826 

 

20-20-20 (30) 

2020 (6) 1.3 4292 17.3 6.3 25.7 

2021 (9) 1.0 4823 16.8 9.1 32.1 

2022 (15) 0.9 3833 17.9 6.5 29.9 

Min-max 0.3–2.5 587–6248 6.0–40.0 4.0–13.0 2.0–66.0 

 

16-16-8 (41) 

2020 (0) --- --- --- --- --- 

2021 (26) 0.6 1625 15.7 23.5 33.0 

2022 (15) 0.6 1944 19.6 24.9 39.9 

Min-max 0.3–1.1 848–2571 5.0–29.0 11.0–36.0 8.0–76.0 

 

MAP (84) 

2020 (32) 0.5 44.3 43.7 4.2 125 

2021 (21) 0.4 33.6 14.5 5.7 79.2 

2022 (31) 0.3 39.6 64.5 4.2 143 

Min-max 0.1–0.8 6.0–143 5.0–300 1.0–22.0 1.0–685 

NP (69) 2020 (5) 0.5 17.4 25.0 4.2 31.6 

2021 (10) 0.4 59.1 113 7.4 305 

2022 (56) 0.4 142 157 7.0 303 

Min-max 0.1–0.9 13.0–763 7.0–542 1.6–27.0 5.0–991 

NPK (67) 2020 (8) 1.3 5217 128 19.3 209 

2021 (19) 0.9 4356 106 11.5 231 

2022 (40) 0.7 3420 170 14.0 341 

Min-max 0.3–1.6 23.0–10927 8.0–578 2.0–33.0 20.0–944 

NPK small 

participation 

of  
226

Ra and 
238

U (104) 

2020 (31) 1.3 5680 15.5 8.3 35.8 

2021 (52) 0.9 4798 16.6 7.3 31.0 

2022 (21) 0.8 4064 17.8 8.7 30.5 

Min-max 0.2–3.1 1038–11175 3.0–57.0 1.0–25.0 4.0–82.0 

NPK small 

participation 

of 
40

K (36) 

2020 (0) --- --- --- --- --- 

2021 (15) 0.9 420 11.5 3.3 21.9 

2022 (21) 0.6 423 124 12.9 164 

Min-max 0.2–1.6 5.0–954 1.0–637 1.0–43.0 3.0–930 

 

The NPK fertilizers with the formulation: 15-15-15, 16-16-16, 20-20-20 and 16-16-8, are 

the most significant for this research, as they are used the most for fertilizing soil. The 

average activity level of 
40

K in these fertilizers was in the range 1625–4823 Bq kg
-1

. The 

maximal level of activity of 
40

K (6248 Bq kg
-1

) was determined in a fertilizer with a 20-20-20 

formulation imported in 2021. This value is still much lower than the maximal allowed value 

determined by the Regulations [14]. Maximal activity levels of 
226

Ra and 
238

U were measured 

in a fertilizer with a formulation 16-16-16 imported in 2021 (674, and 826 Bq kg
-1

, 

respectively). In our research from 2014 the maximal activity level of 
226

Ra was measured in 
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a NPK fertilizer sample 15-15-15 (775 Bq kg
-1

) [18]. Table 1 also gives the activity levels of 

radionuclides in NPK fertilizers (67 samples) with different formulations. The maximal 

activity level of 
40

K in fertilizers was 11175 Bq kg
-1

. In our research from 2014 the maximal 

activity level of 
40

K was 12965 Bq kg
-1

 [18]. The maximal activity levels of 
226

Ra and        
238

U were 578 and 944 Bq kg
-1

, respectively. The Table 1 also shows activity levels of 

radionuclides in NPK fertilizers with a small participation of 
226

Ra and 
238

U, and also a small 

participation of 
40

K (140 samples in total 140). Maximal activity levels of 
226

Ra, 
238

U and
 40

K 

in fertilizers with a small participation of potassium was 637, 930 and 954 Bq kg
-1

, 

respectively. It can be concluded that the activity levels of 
226

Ra and 
238

U in this type of 

fertilizer are high. Activity levels of radionuclides in mono-ammonium phosphate were also 

monitored (MAP) and NP fertilizers. The maximal activity levels of 
226

Ra and 
238

U in MAP 

were 300 Bq kg
-1

 and 685 Bq kg
-1

, respectively and this is lower than in our previous research 

(745 and 1450 Bq kg
-1

). A high average activity level of 
238

U was measured in MAP samples 

in 2001 (1348 Bq kg
-1

) [17]. The maximal activity levels of 
226

Ra and 
238

U in NP fertilizers 

were 542 and 991 Bq kg
-1

, respectively. These results are higher than previous results 

obtained for the same fertilizer type (450 and 750 Bq kg
-1

) [18]. The average activity level of 
238

U in MAP is significantly lower in this work than in previous research [18]. 

 

CONCLUSION 

The following radionuclides: 
40

K, 
232

Th, 
226

Ra, 
238

U and 
137

Cs were determined in all 

measured fertilizer samples (677) sent to INEP for gamma spectrometric analysis by the 

phyto-sanitary inspection. The activity level of 
137

Cs in all measured fertilizer samples was 

negligible. The maximum activity level of 
40

K was measured in NPK fertilizer with a small 

proportion of 
226

Ra and 
238

U (11175 Bq kg
-1

). The maximum activity level of 
226

Ra was 

measured in a sample of fertilizer with the formulation 16-16-16 (674 Bq kg
-1

), and 
238

U in a 

sample of NP fertilizer (991 Bq kg
-1

). All fertilizer samples had activity levels that are 

allowed by the Regulations and allowed to be imported into our country. In order to observe 

the cumulative effect due to the increasing content of uranium arable land due to fertilization 

and the possibility of establishing a food chain, constant but systematic measurements of the 

radioactivity of mineral fertilizers are necessary. These measurements should allow a long-

term forecast of the content of uranium in the soil, due to the constant and necessary 

application of fertilizers. 
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Abstract 

Coal-fired thermal power plants make an important contribution to the global energy supply, but pose 

a significant environmental and health risk due to pollutant emissions, including heavy metals. These 

pollutants can contaminate soil and water, leading to bioaccumulation of toxic elements in plants. In 

this study, the elemental composition of vegetables (carrots, peppers, potatoes and tomatoes) grown 

near the Kostolac A and B coal-fired power plants in Serbia is investigated. Samples were taken from 

four locations (Požarevac, Petka, Kostolac and Drmno), processed and analyzed using inductively 

coupled plasma mass spectrometry (ICP-MS). The results showed that carrots had the highest 

accumulation of elements, including both essential nutrients and toxic heavy metals, although none of 

them exceeded the safety thresholds set by local, EU or FAO/WHO standards.  The results underline 

the need for continuous monitoring of vegetable safety in the vicinity of coal-fired power plants to 

mitigate potential health risks. Further studies, including soil analysis, are recommended to identify 

the sources of these elements and to fully understand their impact on the environment. 

Keywords: ICPMS, vegetables, metals, power plant. 

 

INTRODUCTION 

Coal-fired thermal power plants play a crucial role in meeting the world's energy needs, 

but their operation comes at a significant environmental cost. These power plants are known 

to emit large amounts of pollutants, including particulate matter, sulphur dioxide, nitrogen 

oxides and a range of heavy metals, which can have harmful effects on the environment and 

human health [1,2]. The deposition of these pollutants on the surrounding soils and water 

bodies can lead to the contamination of agricultural land, posing a risks to the quality and 

safety of food grown in these areas [3,4]. Heavy metals such as lead (Pb), cadmium (Cd), 

mercury (Hg) and arsenic (As) are of particular concern due to their persistence in the 

environment and their ability to bioaccumulate in the food chain [5,6]. These elements can be 

taken up by plants through their roots from contaminated soil or water and then enter the 

human diet through the consumption of contaminated vegetables. The accumulation of heavy 
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metals in vegetables not only compromises food safety, but also poses serious health risks 

such as neurotoxicity, carcinogenicity and various other chronic diseases [7]. 

Previous research has documented the elevated levels of heavy metals in crops grown near 

industrial areas, including coal-fired power plants, highlighting the potential health risks 

associated with these pollutants [8,9]. For example, vegetables grown near industrial areas in 

India have been found to contain high concentrations of heavy metals exceeding the 

permissible limits of international standards [10]. This underlines the need for rigorous 

monitoring and regulation to ensure food safety. 

The elemental composition of vegetables is influenced by several factors, including soil 

characteristics, crop type, irrigation practices and the extent of atmospheric deposition from 

nearby industrial sources [11]. The type of soil and its pH can significantly affect the 

availability and uptake of heavy metals by plants. Similarly, different plant species can 

accumulate heavy metals differently, with leafy vegetables often having higher concentrations 

than root vegetables [12]. 

In this study, we aim to analyze the elemental composition of vegetables grown in the 

vicinity of coal-fired thermal power plants. The results of this research will contribute to a 

better understanding of the environmental impact of coal-fired power plants on agricultural 

products and provide insights to policy makers and stakeholders in the field of environmental 

and food safety management. 

 

MATERIALS AND METHODS 

Sampling locations 

Samples were taken from four locations in the vicinity of two coal fired thermal power 

plants, Kostolac A and B. The locations are also characterized by an open pit coal mine and 

an ash disposal site. Sampling locations with pollution sources can be seen in Figure 1. 

Požarevac – A city of just above 40 000 inhabitants. It is located about 10 km to the south 

of the two power plans, open pit coal mine and ash disposal site. 

Petka – Small village located about 4 km south-west of Kostolac A power plant, 6 km 

from the ash disposal site and Kostolac B power plants and 10 km to the west of the open pit 

coal mine. 

Kostolac – A town on whose outskirts Kostolac A power plant is located. It is 2 km to the 

south of the ash disposal site, 4 km to the west of the power plant Kostolac B and 7 km from 

the coal mine.  

Drmno – Small village less than 1 km south from thermal power plant Kostolac B, 4 km 

west from the open pit coal mine, 4 km east from thermal power plant Kostolac B and 4 km 

south-east of the ash disposal site.  
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Figure 1 Sampling locations (green arrows) and pollution sources (red) 

 

Sample collection, preparation and analyses 

Four vegetables were chosen to be sampled. Two root vegetables: carrot and potato and 

two above ground vegetables: pepper and tomato. Each sample was collected and frozen at    -

80°C. Samples were then freeze dried for 72 hours. They were homogenized in an ultra-

centrifugal mill with a final fineness size of <1 mm (ZM 200, 1 mm titanium sieve, Retch 

GmbH, Haan, Germany). About 100 mg of homogenized vegetables were weighted into 10 

mL pre-cleaned quartz vessels, in triplicate, and digested with concentrated, subboiled HNO3 

using an ultraCLAVE IV microwave digestion system (MLS GmbH, Leutkirch, Germany). 

All the samples were diluted to a final volume of 10% v/v HNO3. In addition, blanks and the 

certified reference material (CRM) BOVM-1 Bovine muscle powder (previously SRM 8414, 

NRC, Canada) were prepared using the same procedure. 

Element concentrations were determined with an inductively coupled plasma mass 

spectrometer (ICPMS, ICP-MS 7700x, Agilent Technologies, Waldbronn, Germany). For 

thirty-one elements an external calibration curve in four different concentration ranges and 

with six points each, was made in 10% HNO3.  

Quality control 

Continuous addition of internal standard solution using standard tubings was used for 

instrument stability control. The solution contained 200 μg L
-1

 of Be, Ge, In and Lu in a 

matrix of 1% v/v HNO3. In addition, drift standards were measured every ten samples. The 

accuracy was evaluated using two reference materials: SRM 1640a Trace elements in natural 
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water (National Institute of Standards & Technology, Gaithers�burg, USA) and CRM 8414 

Bovine muscle powder (NRC, Canada). 

 

RESULTS AND DISCUSSION 

Almost all of the analysed elements were detected in the vegetable’s samples, except for 

Hg which was detected only in Carrots.  

Looking at all samples’ locations combined, the sum of all analysed elements was the 

highest in carrots, followed by tomatoes, potatoes and pepper. Elements with the highest 

concentrations in carrots were B, Na, Mg, Al, P, K, Ca, Cr, Fe, Zn, As. Se, Se, Sr, Cd, Sn, Cs, 

Ba, Gd, Tl, Pb, Bi and U. Highest concentrations in peppers were observed for Li, S, Co and 

Ni; in potatoes for V, Mo, Ag and in tomatoes for Mn, Cu and Rb. From this data we can 

conclude that carrots are the best vegetable to be used as a mineral source. However, caution 

should be taken as they also accumulate the most toxic elements such as As, Pb, Cd, U, etc. 

None of the analysed elements was above the safety thresholds established by local and EU 

legislation or by FAO/WHO. Usually, they were a few magnitudes lower. The only exception 

is Pb in carrots where the concentration was 0.16 mg kg
-1

 with the FOA/WHO level set at 0.3 

mg kg
-1

; and Cd with measured concentrating of 0.14 mg kg
-1

 in carrots, while safe levels 

were determined at 0.2 mg kg
-1

. Although none of the samples exceeded these limits these 

vegetables should be closely monitored.  

Considering that carrots accumulated the most elements we used them to look at 

differences between sampling locations. The sum of all elements was the highest in Petka, 

followed by Drmno, Kostolac and Požarevac. However, this was expected as in Petka some of 

the most abundant elements had the highest concentrations (Mg, P, K). Other elements that 

had the highest concentrations in Petka were Li, V, Mn, Co, Ni, Ba and Pb. Elements with the 

highest concentrations in Drmno were Na, S, Ca, Se, Sr, Cd and Bi. Carrots from Kostolac 

were characterized with the highest concentrations of Al, Cr, Fe, Cu, As, Rb, Mo, Sn, Cs, Gd 

and Hg. The least number of elements showed highest concentrations in carrots from 

Požarevac (B, Zn, Ag, Tl and U). Element accumulation in plants does not depend only on 

pollution sources in the region, but also on the soil origin and its physio-chemical properties. 

To determine the exact sources of the analysed elements, further study is needed that 

including soil analyses.  

 

CONCLUSION 

Four vegetable types were analyzed for elemental composition: carrots, peppers, potatoes 

and tomatoes. The highest concentrations of 22 out of 32 analyzed elements were found in 

carrots, followed by tomatoes, with significantly lower concentrations in peppers and 

potatoes. Different locations had different element distributions. In carrots Požarevac had 

only five elements with the highest concentrations followed by Drmno, Petka and Kostolac in 

which 11 elements had highest values. None of the analyzed elements had concentrations that 

were above the allowed limits. 
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Abstract 

This study explores the electrochemical performance of Ag-doped bismuth ferrite (BFO+Ag) as a 

novel electrocatalyst for the oxygen evolution reaction (OER). Utilizing a cost-effective hydrothermal 

method, BFO+Ag nanopowders were synthesized and characterized for their electrocatalytic 

properties. The incorporation of silver was found to significantly enhance the activity and reduce the 

overpotential in OER applications. Electrochemical evaluations demonstrated that BFO+Ag 

electrodes achieve a current density of 10 mA cm
-2

 at a reduced overpotential of 1.52 V and display 

improved Tafel slopes, particularly at elevated temperatures. This work positions BFO+Ag as a 

promising and economically viable alternative to traditional precious metal-based catalysts for energy 

conversion and storage solutions, emphasizing the potential for future research to optimize 

performance and explore practical applications. 

Keywords: OER, bismuth ferrite, hydrothermal syntesis. 

 

INTRODUCTION 

The increasing global demand for renewable and eco-friendly energy conversion and 

storage solutions is driven by energy shortages and environmental concerns stemming from 

fossil fuel usage [1]. At the core of these renewable energy technologies lie two crucial 

oxygen electrochemical processes: the oxygen reduction reaction (ORR) and the oxygen 

evolution reaction (OER) [2,3]. The ORR significantly influences the overall performance of 

fuel cells and metal-air batteries, both recognized as promising systems for energy conversion 

and storage. Conversely, the OER serves as the anode reaction in water electrolyzers for 

electrochemical water splitting and in unitized regenerative fuel cells [4]. Given the sluggish 

kinetics of these reactions, research efforts in the field have been directed towards the 

development of highly efficient and stable electrocatalysts aimed at minimizing overpotential 

and enhancing the kinetics of the OER [5]. 

As of now, Pt-based electrocatalysts stand out as the most effective for ORR, whereas IrO2 

and RuO2 demonstrate the highest activity for OER [3]. Despite their efficiency, the 

widespread adoption of these electrocatalysts is hindered by their prohibitive costs. 

Consequently, numerous research teams have shifted their attention towards the exploration 

of novel non-precious and cost-effective materials, aiming to create an ideal reversible oxygen 

electrode capable of accelerating both ORR and OER [3,6]. Magnetoelectric multiferroics, 
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due to simultaneous ferroelectric and ferromagnetic ordering, have attracted wide attention in 

recent years, offering a wide range of potential applications in data storage media, spintronics, 

and multi-state memories. One of the well-known materials exhibiting such properties is 

bismuth ferrite (BFO) BiFeO3 [7]. 

In our study, we investigate the influence of silver (Ag) doped bismuth ferrite (BFO) 

nanopowders on electrocatalytic performance in relation to OER. Utilizing a simple, low-cost, 

and energy-efficient hydrothermal method, which offers advantages over conventional 

methods, we synthesized the materials and conducted a series of electrochemical 

measurements to investigate its catalytic properties for the oxygen evolution reaction (OER). 

Furthermore, we assessed the energy consumption of an alkaline electrolyzer with electrodes 

coated with this Ag-doped BFO material. 

 

MATERIALS AND METHODS 

Synthesis of BiFeO3 33%Ag and Materials characterization 

Nano-crystalline powders of Bi1−xAgxFeO3 (x=0.33) were synthesized using the 

hydrothermal method. This approach is simple, low-cost, and energy-saving, offering 

advantages over conventional methods. The chemical compounds used included bismuth 

nitrate (Bi(NO3)3×5H2O), silver nitrate (AgNO3), iron nitrate (Fe(NO3)3×9H2O), and 

potassium hydroxide (KOH), all of analytical grade from Sigma-Aldrich. The bismuth nitrate, 

silver nitrate, and iron nitrate were dissolved in 40 mL of 8M KOH, stirred vigorously for 30 

minutes, and then transferred into an autoclave. Hydrothermal treatments were conducted 

under autogenous pressure at 200°C for six hours. After cooling to room temperature, the 

produced powders were collected at the bottom of the autoclave. The products were washed at 

least five times through repeated cycles of centrifugation in distilled water and then dispersed 

in ethanol, followed by sonication for 60 minutes. The final powders were obtained by 

evaporating ethanol in a mortar heated to 60°C. 

Elemental composition of obtained sample was determined by XRF measurements, 

performed by Thermo Scientific Niton XL3t XRF analyzer, at room temperature. 

Electrochemical measurements 

The working electrodes were fabricated by dispersing 5 mg of the synthesized BFO+Ag 

materials in 980 µl of deionized water and 20 µl of 5% Nafion solution (Sigma Aldrich). This 

mixture was sonicated for 30 minutes at room temperature to form a homogeneous catalytic 

ink. Subsequently, 10 ml of this ink was applied to a glassy carbon electrode (GCE) and 

allowed to dry at room temperature. Electrochemical measurements were performed using a 

Gamry PCI4/750 potentiostat/galvanostat within both three-electrode and two-electrode cells 

under varying temperatures. In the three-electrode setup, the modified GCE served as the 

working electrode, platinum as the counter electrode, and a saturated calomel electrode (SCE) 

as the reference electrode, with 1M KOH as the electrolyte. In the two-electrode 

configuration, the modified Ni electrode acted as the working electrode, and a pure Ni 

electrode served as the counter electrode, utilizing 6M KOH as the electrolyte. Throughout 

this study, all potentials are reported relative to the reversible hydrogen electrode (RHE), and 

all current densities (j) were calculated based on the geometric area of the electrodes (1 cm
2
). 
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RESULTS AND DISCUSSION 

The obtained material (BiFeO3+Ag) was analyzed using X-ray fluorescence method in 

order to determine the elemental composition. Results are given in Table 1. 

To demonstrate the oxygen evolution activity of the studied materials, two critical 

parameters were examined to facilitate the comparison of electrocatalysts; the overpotential 

required to achieve a current density of 10 mA cm
-2

 (Figure 1) and the Tafel slope, depicted in 

Figure 2. Notably, the samples subjected to the highest test temperature of 80°C displayed the 

most favorable results. Specifically, BFO doped with Ag at 80°C achieved a current density 

of 10 mA cm
-2

 at an overpotential of 1.52 V.  

 

Table 1 Amounts of most abundant elements (Bi, Fe, Ag) found by XRF analysis in BFO+Ag sample 

Element Bi Fe Ag 

(%) 76.04 14.43 9.31 

 

1.0 1.2 1.4 1.6 1.8 2.0

0

2

4

6

8

10

12

14  25
o
C

 40
o
C

 60
o
C

 80
o
C

 

 

j 
/ 
m

A
 c

m
-1

Potential vs. RHE / V  
Figure 1 Comparison of electrochemical activity for OER - LSV curves at different temperatures 

 

-1.8 -1.6 -1.4 -1.2 -1.0 -0.8 -0.6 -0.4 -0.2

0.95

1.00

1.05

1.10

1.15

1.20

-4.0 -3.5 -3.0 -2.5 -2.0 -1.5 -1.0 -0.5 0.0 0.5

0.85

0.90

0.95

1.00

1.05

1.10

1.15

1.20

log j / log (mA cm
-2
)

 

 

  25
o
C

  40
o
C

  60
o
C

  80
o
C

U
 /
 V

25
o
C

40
o
C

60
o
C

80
o
C

 

 

 log j / log (mA cm
-2
)

U
 /
 V

78 mV dec
-1

73 mV dec
-1

55 mV dec
-1

67 mV dec
-1

 
Figure 2 Comparison of Tafel slopes (b / mV dec

-1
) at different temperatures; Polarization curves 

(inset) 



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

555 

 

The Tafel slopes, indicative of the kinetics of the electrochemical reaction, were lowest at 

higher temperatures (60°C and 80°C), measuring approximately 60 mV dec
-1

, as listed in 

Table 2. This observation underscores that the OER activity improves significantly with 

increased temperature, particularly at 80°C, where the catalytic efficiency was observed to be 

the highest. 

 

Table 2 Parameters obtained from Tafel polarization curves and LSV curves, at different temperatures 

T / K b / mV dec
-1 

j0 / mA cm
-2 

OER / V 

298 78.4 0.03 2.02 

313 72.7 0.08 1.79 

333 55.4 0.18 1.68 

353 66.8 0.45 1.52 

 

The study also investigated the relationship between energy consumption, temperature, and 

current densities compering the electolyzer system with pure nickel electrodes and with         

BFO + Ag electrode. The energy balance of electrolysis is represented by the energy 

consumed per mole of oxygen produced, calculated on the basis of formula (1):  

 

  
     

          
 [        ]                                                                                               (1) 

 

where Q is the energy consumption in kJ mol
-1

, U is the total voltage of electrolysis in V, 

i.e. the potential difference of the cathodic and anodic reactions and the voltage drop through 

the electrolyte, I is the total current in A, t is the time in seconds for which 1 mol of oxigen is 

developed. The results obtained from the analysis of this system are represented by a three-

dimensional diagram in the Figure 2, and numerically in Table 3. 

 

 
Figure 3 Comparative 3D representation of energy consumption as a function of current density and 

temperature, Ni electrode in 6M KOH (upper surface) and BFO+Ag electrode (lower surface) 
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Table 3 Alkaline electrolyzer energy consumption at different current densities and electrolysis 

temperatures in 6M KOH 

 Q / kJ mol
-1 

 Ni electrode  BFO + Ag electrode 

j / mA cm
-2

 298 K 303 K 333 K 353 K  298 K 303 K 333 K 353 K 

10 722.7 720.0 691.0 679.0  689.9 672.2 640.1 636.3 

20 771.2 757.6 723.4 709.1  727.1 712.5 666.9 662.0 

30 801.2 779.9 743.1 726.4  750.2 740.1 685.1 674.6 

40 826.9 799.6 763.8 744.94  774.5 763.8 702.4 688.4 

50 851.0 820.7 784.2 765.8  799.4 790.1 721.5 704.6 

60 876.1 842.5 804.8 787.8  825.5 814.4 742.3 722.7 

70 910.5 871.6 833.0 815.4  863.4 846.5 772.3 749.1 

80 937.8 894.9 854.3 836.6  892.6 872.7 791.8 767.8 

90 946.7 900.9 862.2 843.6  906.8 884.9 802.6 776.6 

100 968.1 921.5 879.4 864.8  934.2 906.2 821.6 794.3 

 

The presented diagram indicates that higher temperatures result in greater energy savings, 

both for the with pure nickel electrodes and with BFO+Ag electrode. The improvement of the 

electrolytic process is affected by both the elevated temperature and the BFO+Ag catalyst.  

The results obtained indicate an enhanced OER performance with electrodes coated with 

BFO+Ag. This improvement can likely be attributed to the dual characteristics of our 

synthesized material. As a ferroelectric material, our BFO+Ag exhibits spontaneous 

polarization that can be reoriented by an external electric field. This reorientation affects the 

electronic structure and can significantly enhance the charge transfer processes that are crucial 

for electrocatalysis. Additionally, as a ferromagnetic material, it displays ordered magnetic 

moments that can alter the spin states of electrons. In the realm of catalysis, such spin-

polarized electrons can modify reaction pathways and potentially reduce the activation energy 

required for key steps in the OER process. These properties make our synthesized material 

particularly valuable for practical applications in energy conversion and storage technologies, 

where efficient and cost-effective catalysts are essential. 

 

CONCLUSION 

This study highlights the effectiveness of Ag-doped bismuth ferrite (BFO+Ag) as an 

electrocatalyst for the oxygen evolution reaction (OER). The addition of silver enhances the 

electrochemical performance of BFO, benefiting from the synergistic ferroelectric and 

ferromagnetic properties that improve charge transfer and lower activation energies. The 

hydrothermal synthesis of BFO+Ag proves to be a cost-effective and scalable method, 

offering a viable alternative to traditional, more expensive catalysts like iridium or ruthenium 

oxides. Future work should focus on optimizing doping levels and evaluating long-term 

stability to further advance the application of BFO+Ag in sustainable energy technologies. 

 

 

 

 



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

557 

 

ACKNOWLEDGEMENT 

The authors are grateful to the Ministry of Science, Technological development and Innovation of 

the Republic of Serbia for financial support according to the contract with the registration number 

451-03-66/2024-03/ 200017. 

 

REFERENCES 

[1] Fujimoto K., Ueda Y., Inohara D., et al., Electrochim. Acta 354 (2020) 136592. 

[2] Lingappan N., Li B., Lee T.H., et al., Electrochim. Acta 313 (2019) 41–7. 

[3] Jiang H., Gu J., Zheng X., et al., Energy Environ. Sci. 12 (2019) 322–33. 

[4] Hu L., Hu Y., Liu R., et al., Int. J. Hydrogen Energy 44 (2019) 11402. 

[5] Suermann M., Schmidt T.J., Buchi F.N., Electrochim. Acta 281 (2018) 466–71. 

[6] Zhang H., Wang Z., Zhou J., et al., J. Int. J. Hydrogen E. 47 (2022) 11224–35. 

[7] Neogi S., Ghosh R., Appl. Mater. Today 29 (2022) 101611. 

 



 

558 

 

 

NONLINERA PHENOMENA DURRING VOLTAMMETRIC MEASURMENT OF 

COPPER CORROSION  

 

Nebojša Potkonjak
1*

, Đuro Čokeša
1
, Mirjana Marković

1
  

1
Institute of Nuclear Sciences, National Institute of the Republic of Serbia,                 

University of Belgrade, Mike Petrovica Alasa 12–14, 11000 Belgrade, SERBIA  
*
npotkonjak@vin.bg.ac.rs 

 

Abstract  

Bifurcation analysis of the Cu│1 M TFA electrochemical oscillatory system was done by using 

voltammetric data, obtained under qusi-potetiostatic polarization conditions. A super-critical Hopf 

bifurcation and a saddle-loop bifurcation were identified at following bifurcation potentials             

EBIF1=0.5446 V and EBIF2=0.7536 V, respectively. 

Keywords: copper, anodic dissolution, trifluoroacetic acid, electrochemical oscillations. 

 

INTRODUCTION 

The multivalent nature of transition metals introduces a rich array of nonlinear dynamics to 

electrode reactions [1]. This propensity can lead to nonlinear phenomena like electrochemical 

oscillations and the formation of metal fractals. Being far-from-equilibrium, the 

electrochemical systems can spontaneously form a wide spectrum of spatio-temporal patterns 

[2]. Spontaneous emergence of such patterns implies that the dynamical systems, such as 

electrochemical, undergo self-organization [2]. Appearance of oscillations implies that the 

electrochemical system can not longer achieve stable steady sates, and that its existence is 

only possible through oscillatory states [1]. Transient from a stable steady state to an 

oscillatory state goes via bifurcation point. In order to be identified, evolution of the system 

has to be monitored through phase space diagram; constructed from a series of coordinates 

characterized by a parameter (controlled quantity) and a variable (quantity which is an 

appropriate representative of the systems state) [3]. Looking from this perspective, linear 

sweep voltammetry can be observed as instrumental technique which dynamically drives the 

system throughout a series of variable-to-parameter points [4].  

 

MATERIALS AND METHODS 

Experiments were carried out in a three-electrode electrolytic cell, at 293 K, with a copper 

rod (Goodfellow, 99.99%) as the working electrode, Pt foil as the counter electrode, and a 

saturated calomel electrode (SCE) as the reference one. The working electrode was embedded 

in a plastic capillary, leaving only the rod cross-section (0.0314 cm
2
) exposed to the 

electrolyte solution. Prior to each experiment the working electrode was abraded by a series 

of wet sanding paper with different grit size (320, 600, 800, 1000, 1200 and 2000). 

Thereupon, the working electrode was rinsed with deionized water in an ultrasonic bath for 

2 min. Electrolyte solution was 1 M TFA. Experiments were carried under natural convection 
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of electrolyte in the electrolytic cell, without any external resistance applied in the circuit.  

Linear sweep voltammetry was performed using anodic scan, starting from 0.5 VSCE, at a rate 

of 1 mV s
−1

. All applied circuit potentials (E) are given with the respect to the SCE. 

 

RESULTS AND DISCUSSION 

By carefully selection of initial conditions, we were able to locate an oscillatory state 

(OsS) region of investigated system at the current-potential (I-E) polarization curve                 

(Figure 1). The first bifurcation point occurs at EBIF1=0.5446 V (looking from the direction of 

polarization). This bifurcation point can be observed as an entering one, marking a 

discontinuity in evolution of the system from the steady stable sate (SSS1) to OsS; it is a 

characteristic of the SSS1→OsS transient. With respect to above mention perspective, the 

second bifurcation point, located at EBIF2=0.7536 VSCE, can be taken as the exit point; it is a 

feature of the OsS→SSS2 transient (Figure 1).    

 

 
Figure 1 I-E polarization curve of Cu electrode in 1M TFA 

 

Smooth increase of current oscillation amplitudes observed near on the SSS1→OsS 

transient is shown in Figure 2.  
 

 
Figure 2 Detail from I-E polarization curve, Figure 1, in the vicinity of the SSS1→OsS transient 
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Linear dependence between the square amplitude of current oscillations (A2) and increase 

of the distance of controllable parameter from EBIF1 (|EOSC-EBIF1|) was found (Figure 3). 

 

 
Figure 3 Dependence of the square amplitude of current oscillations (A2) vs. distance of controllable 

parameter from EBIF1 (|EOSC-EBIF1|) 

 

On the other hand, the period of current oscillations (τ) increases as the system approaches 

the OsS→SSS2 transient, ending with sudden termination of oscillatory behavior (Figure 4). 

Linear dependence between τ and logarithmic value of the distance from EBIF2                      

(ln |EOSC-EBIF2|) is shown in Figure 5. Combined with an existence of hysteresis [5] (not 

shown in abstract), it implies that the OsS→SSS2 transient goes via the saddle-loop 

bifurcation [3,5,6]. Correlation coefficients (R), shown in Figures 3 and 5, were found to be 

considerably high. Hence, we can say that the procedure for bifurcation analysis was verified. 

 

 
Figure 4 Detail from I-E polarization curve, Figure 1, in the vicinity of the OsS→SSS2 transient 

(unites of x-axis are converted from potential to time) 
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Figure 5 Semilogarithmic plot of the period current oscillations (τ) vs. the distance of controllable 

parameter from EBIF2 (ln |EOSC-EBIF2|) 

 

CONCLUSION 

In this study, a voltammetric data, obtained from qusi-potetiostatic polarization curve of 

the Cu│1M TFA electrochemical oscillatory system, were used for bifurcation analysis. This 

was based on the presumption that voltammogram can be considered as a phase space 

diagram. Results presented have showed that bifurcation scenario can be built from 

voltammetric data with a high accuracy.  
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Abstract  

In this study, the hydrogen diffusion coefficient in the metal hydride electrode having composition of 

LmNi3.55Co0.75Mn0.4Al0.3 was determined by using cyclic voltammetry. Results are presented to show 

that the hydrogen diffusion coefficient increases with increasing of the depth of discharge. 

Keywords: hydrogen, diffusion, metal hydride, batteries. 

 

INTRODUCTION 

The rechargeable nickel-metal hydride (Ni-MH) batteries operating with hydrogen storage 

alloys as a negative electrode material have been broadly investigated, developed and 

commercialized [1]. Several families of thermodynamically stable intermetallic compounds, 

such as AB, AB2 and AB5 (A, rare-earth or transition element; B, transition element) have 

been intensively places in focus of research and industrial application [1]. During the charge 

process of MH electrode, electrolytically generated hydrogen atom at the electrode/electrolyte 

interface diffuses into a bulk of alloy, where it is stored in the metallic lattice in the form of 

hydride [2]. Discharge process includes diffusion of hydrogen from the bulk of alloy back to 

the surface, where it will be oxidized. The performance of the MH electrode is determined by 

both: the charge transfer kinetics of hydrogen at the electrode/electrolyte interface and the rate 

of hydrogen diffusion within the bulk of electrode [1–3]. The hydrogen diffusion coefficient 

is an important parameter to understand the diffusion process within the MH electrode. 

Generally, the large is the hydrogen diffusion coefficient, the faster is the hydrogen diffusion 

and the better is the electrode performance. Aim of present study is to use cyclic voltammetry 

for determination of the hydrogen diffusion coefficient in an AB5 type hydrogen storage alloy 

as a function of the depth of discharge (DOD). 

 

MATERIALS AND METHODS 

The intermetallic compound, LmNi3.55Co0.75Mn0.4Al0.3 (Lm - 51 wt.% La, 33 wt.% Ce,      

12 wt.% Nd and 4 wt.% Pr), was prepared from constituent metals by the arc-melting method. 

Resulting ingot was inverted and remelted, followed by an annealing treatment. The ingot was 

mechanically pulverized and ground into a fine powder (275–325 mesh). The alloy electrode 

was prepared by mixing the intermetallic powder with carbonyl nickel. 

Polytetrafluoroethylene (PTFE) dispersion was used as a binder. The mixture was filled into a 
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double nickel mesh and cold-pressed into pellets. The working electrode was placed in the 

main compartment of the cell together with a Hg/HgO, 6M reference electrode. 

Ni(OH)2/NiOOH was used as the counter electrode. The electrolyte was a 6M KOH aqueous 

solution. The metal hydride electrode was activated by galvanostatic charge/discharge at     

±60 mA g
−1

 at 293 K. The electrode was fully charged at - 60 mA g
−1

 for 5 h (corresponding 

to 0 % of DOD). Thereupon, the MH was discharged at 60 mA g
-1

 for a certain period of time 

to reach a specified DOD. After that, the electrode was kept under the open-circuit conditions 

until the equilibrium potential was reached. After that, cyclic voltammetry measurements 

were performed at various scan rates: 10, 15, 20, 35 and 50 mV s
-1

. All electrochemical 

experiments were performed using a Solartron SI 1286 electrochemical interface, supported 

with corrosion measurement software (CorrWare®).  

 

RESULTS AND DISCUSSION 

The cyclic voltammograms of the LmNi3.55Co0.75Mn0.4Al0.3 metal hydride electrode were 

recorded at various DOD (0, 5, 10, 20, 50, 80, 90, 95, 98 and 99%) and scan rates. In     

Figure 1 are presented the cyclic voltammograms of the MH electrode at 0% of DOD. The 

broad peak which can be observe between -0.6 V and -0.4 V is attributed to the mass transfer 

and charge transfer of adsorbed hydrogen in the bulk of the investigated MH alloy. The shift 

of the peak towards less negative values with the increase of a scan rate can be observed. 

Also, it was noticed that the peak current density (jp) increases with the san rate.  When the 

diffusion process is the rate determining step, the peak current density observed is 

proportional to: the hydrogen concentration (CH), square root of the scan rate (v
0.5

), the 

hydrogen diffusion coefficient (DH), the surface area of the MH electrode (S), the charge 

transfer number (n), the number of electrons transferred up to and including the rate 

determining step (nα), the transfer coefficient (α).  

Generally, values of all variables, except for DH, are known or can be determined by some 

other technique. So, the slope of the linear dependence of jp versus v
0.5

 can be used for 

determination of DH (Figure 2).  

 

 
Figure 1 Cyclic voltammograms of MH electrode at 0% DOD  
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Figure 2 Detail from I-E polarization curve, Figure 1, in the vicinity of the SSS1→OsS transient  

 

It was found that the hydrogen diffusion coefficient increases with increasing DOD (Figure 

3). The existence of two slopes in DH vs. DOD dependence has suggested that hydrogen 

diffusion is strongly related with the type of hydride phase existing in the metal hydride 

electrode. Namely, at low or medium DOD hydrogen has to overcome structural 

transformation from β to α hydride phase but also the existence of hydrogen–hydrogen and 

hydrogen–intermetallic interactions before diffusion. Consequently, the hydrogen diffusion 

will be affected. At high DOD (≥90 %) hydrogen exists absorbed into MH alloy only through 

α solid solution phase. So, the diffusion is not affected by hydride phase structural 

transformation or hydrogen–hydrogen interactions, which results in noticeable increase of the 

hydrogen diffusion coefficient. 

 

 
Figure 3 Hydrogen diffusion coefficient in MH electrode as a function of DOD at 293 K 
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CONCLUSION 

The hydrogen diffusion coefficient in LmNi3.55Co0.75Mn0.4Al0.3 was found to be in the 

range from 4.72·10
-11

 cm
2
s

-1
 to 2.91·10

-9
 cm

2
s

-1
. The diffusion coefficient of hydrogen was 

found to increase with increasing depth of discharge, with the significant increase at the depth 

of discharge DOD > 90%. This behaviour can explain in following direction: at low DOD the 

diffusion of hydrogen is under strong influence of hydride phase structural transformation or 

hydrogen–hydrogen interactions, these influences are absent at high DOD.  
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Abstract  

Climate change and human activities jeopardize the sustainability and resilience of forest ecosystems 

in Serbia, impacting biodiversity, forest resources, and the economy. Climate change poses significant 

threats to forest ecosystems in Serbia, including shifts in forest boundaries, changes in tree species 

distribution, and modifications in plant communities. The projected effects have direct implications for 

biodiversity conservation and the need for sustainable forest management practices. Various tree 

species in Serbia, such as oak, beech, fir, spruce, and pine, are vulnerable to climate change. Their 

habitats are expected to decrease, leading to potential habitat loss and reduced growth. Drought 

periods and extreme weather events contribute to the vulnerability of forest ecosystems, causing 

drying, loss of vitality, and increased incidence of pests and diseases. Deforestation, clear-cutting, and 

excessive wood use for fuel and timber industries pose additional threats to forest cover and genetic 

resources. Soil erosion, influenced by climate factors and irrational land use, is a concern, 

particularly in areas with low rainfall. Forest fires are also a growing concern, with the number of 

incidents increasing since 2000. The length of the fire season and the occurrence of extreme events 

are expected to rise, posing a significant risk to temperate forests. Regions such as Zapadnobački, 

Severnobački, Severnobanatski, Srednjebanatski, Podunavski, Šumadijski, Rasinski, Nišavski, 

Toplički, Jablanički, and Pčinjski districts are identified as the most vulnerable to climate change 

impacts due to their natural characteristics, infrastructure, forest resources, and economic 

development. Mitigation and adaptation measures, including afforestation, improved forest 

management, and conservation efforts, are necessary to mitigate the adverse effects of climate change 

on forests. 

Keywords: forests, climate change, Serbia. 

 

INTRODUCTION 

Forests play an indispensable role in the realm of climate change adaptation and mitigation 

strategies, encompassing several pivotal dimensions that underscore their significance. This 

paper delves into the multifaceted contributions of forests in addressing the challenges posed 

by climate change. Firstly, through the process of carbon sequestration, forests emerge as 

crucial carbon sinks on Earth, actively absorbing carbon dioxide via photosynthesis and 

storing carbon within their biomass and soils, thereby mitigating the detrimental effects of 

greenhouse gases and the greenhouse effect [1,2]. Additionally, forests offer a diverse array of 

ecosystem services that bolster climate change adaptation efforts [3], including the regulation 

of water flows, prevention of soil erosion, and preservation of ecosystem stability. Moreover, 

by serving as natural shields against extreme weather occurrences like floods and storms, 
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forests play a pivotal role in reducing the impacts of such events and safeguarding 

communities. Furthermore, the conservation of biodiversity within forest ecosystems is 

paramount, given their role as habitats for a substantial portion of terrestrial biodiversity. 

Preserving these ecosystems ensures the protection of a myriad of plant and animal species 

critical for fostering ecosystem resilience and facilitating adaptation to evolving climatic 

conditions [4,5]. Sustainable land management practices within forests are integral to 

enhancing their resilience and sustainability. Techniques such as afforestation, reforestation, 

and agroforestry empower strategic management approaches that augment carbon 

sequestration, preserve soil fertility, and promote sustainable land utilization practices [6,7]. 

Notably, forests also play a pivotal role in nurturing climate-resilient communities, 

particularly in rural settings, by providing livelihoods, fostering sustainable resource 

utilization, and encouraging local engagement in decision-making processes. Moreover, in 

urban environments, forests aid in mitigating the urban heat island effect by offering shade, 

reducing heat absorption by structures, and enhancing air quality through the absorption of 

pollutants. Lastly, the significance of forest conservation and sustainable management is 

underscored by international agreements such as the United Nations Framework Convention 

on Climate Change (UNFCCC) and the Paris Agreement, which highlight the pivotal role of 

forests in climate change mitigation and adaptation strategies, thereby fostering international 

collaboration and support for sustainable forest management practices. In essence, this paper 

elucidates the critical importance of forests in the realm of climate change adaptation and 

mitigation, emphasizing their multifaceted contributions to ecosystem health and human well-

being, and advocating for their preservation and sustainable management on a global scale. 

Based on the data derived from the 2018 CORINE Land Cover dataset, the forested area 

within the Republic of Serbia (excluding the region of AP Kosovo and Metohija) is officially 

documented at 2,380,917 hectares, constituting approximately 30% of the nation's total land 

area [8]. Conversely, analysis utilizing SPOT5 satellite imagery suggests a larger forested 

expanse of around 2,654,000 hectares, representing a proportion of roughly 35% of the 

territorial extent [8]. Within this delineated forested region, deciduous forests encompass the 

majority at 92%, followed by coniferous forests at 6%, with mixed forests contributing 2% to 

the total coverage. 

Detailed assessments conducted by the Forest Inventory in conjunction with the Ministry 

of Agriculture, Forestry, and Water Management - Forestry Directorate reveal that boreal 

forests, encompassing broad-leaved and mixed forests typical of temperate zones, emerge as 

the dominant forest type, constituting a substantial 91.27% of the overall forested landscapes. 

Notably, oak forests and beech forests are identified as the primary constituents within this 

classification, representing 32% and 29.3%, respectively. 

Serbia's ecological classification aligns with forest biomes, signifying that the inherent 

environmental conditions facilitate the proliferation of primary climate forest vegetation 

across a significant 85% of its land surface. Over the temporal span from 1953 to 2012, the 

forested area witnessed a notable expansion exceeding one million hectares or a remarkable 

75% surge. In stark contrast, the subsequent period from 2000 to 2013 recorded a marginal 

increment of merely 6,000 hectares, translating to a nominal growth rate of 0.001% [9]. 

Recent trends underscore a discernible reduction in forest coverage within specific regions of 
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Serbia, notably observed in locales such as Srem, Peć, West Bačka, and Kosovo-Pomoravlje 

districts [10]. Recognizing the pivotal role of forest ecosystems in environmental 

preservation, strategic initiatives involving afforestation with resilient species, enhancement 

of forest conditions, and the adoption of adaptive forest management practices hold promise 

in ameliorating the adverse repercussions of climate change within these landscapes. 

 

IMPACT OF CLIMATE CHANGE ON FORESTS AND FORESTRY IN SERBIA 

Significant forested areas in Serbia have faced threats in recent years. Oak trees in 

Vojvodina have experienced drying and loss of vitality due to prolonged drought periods, 

while forested areas have been devastated by ice storms in eastern Serbia and spruce trees 

have dried out in coniferous areas after particularly warm and dry years. Monitoring and 

analysis results indicate the vulnerability of the most significant forest species: pedunculate 

oak (Quercus robur) (the most affected as it also depends on groundwater levels that are 

increasingly declining), beech, sessile oak (Quercus petraea (Matt.) Liebl.), hornbeam 

(Carpinus betulus), fir (Abies Alba Mill.), and spruce (Picea abies). These tree species, given 

their economic and ecological importance, as well as their spatial distribution, represent the 

most significant segment of forestry in the Republic of Serbia. Similar to most forests in 

Europe, the area covered by beech forests in Serbia is expected to decrease from 56% to 58% 

by 2100 [11]. Likewise, a reduction in the area covered by Turkey oak (Quercus cerris), 

pedunculate oak, and sessile oak is expected. The decrease in the distribution of Turkey oak 

could reach one-third of its current habitat or even 48% by the end of the 21
st
 century. The 

area covered by pedunculate oak could potentially decrease by 61% to 70%, while the 

decrease for sessile oak is projected to be 50% to 63% [12]. Increasing drought periods will 

be one of the reasons for the reduction in the area covered by sessile oak due to its sensitivity 

to drought. In contrast to the mentioned species, potential expansion of habitat for Hungarian 

oak (Quercus frainetto Ten.) by as much as 66% is expected due to its ability to thrive in dry 

conditions [13]. Significant reductions in distribution are also expected for silver fir. The 

distribution of fir, spruce, and pine (black pine - Pinus nigra JF Arnold; Scots pine - Pinus 

sylvestris) forests is also expected to decrease [12]. The projected reduction in the distribution 

of fir forests by the end of the century ranges from one-fifth to one-third of their current 

habitat, while spruce forests are projected to decrease by 70% to 77%, and pine forests are 

likely to decrease by 22% to 31%. The area covered by Scots pine is expected to decrease, 

while black pine would remain in most of its current range. Studies on the potential impact of 

climate change on forests in Serbia using climate indices (FAI drought index and Elenberg 

index) indicate that from the middle (2041–2070) to the end of the 21
st
 century (2071–2100), 

assuming the realization of the RCP4.5 climate model, the rate of habitat loss for fir and 

spruce populations will be relatively small (up to 25%) and constant [14]. These changes are 

expected to occur along the eastern and southern “boundaries” of their distribution at lower 

altitudes. On the other hand, slightly higher rates of reduction (up to 35%) are expected for 

beech and black and Scots pine forests in the south and southeast of Serbia, to a lesser extent, 

and for beech forests only in the east and west. A slight expansion of suitable habitats for 

Scots and black pine can be expected in eastern Serbia. According to the RSP8.5 climate 

model, by 2070, 55% (based on the FAI drought index) or 75% (based on the Elenberg index) 



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

569 

 

of the total area covered by beech, fir, spruce, and black and Scots pine forests is projected to 

remain unaffected by altered climatic conditions [14], with coniferous forests in southeastern 

and eastern Serbia being the most vulnerable. From 2070 to the end of the century, a decrease 

in habitat for fir, spruce, black and Scots pine, and beech forests is expected, ranging from 

75–85% (based on the Elenberg index) to 90–100% (based on the FAI index). 

 

 
Figure 1 Interdependence of climate hazards, impacts of climate change, issues they bring to forests 

and forest management, and potential adaptation goals in Serbia 

 

By the end of the century, the bioclimatic conditions will be significantly altered across the 

entire territory of Serbia. Research indicates that the values of the FAI (Drought Index) will 

increase to above 15 in some parts of the country, compared to its value of below 10 during 

the reference period of 1961–1990. In the period from 2011 to 2040, the bioclimatic 

conditions in most of Vojvodina will be equivalent to the conditions in most arid parts of 

North Banat. The increased aridity resulting from changes in precipitation patterns and 

temperature rise will have pronounced negative effects on the changes in bioclimatic niches. 

This will undoubtedly lead to significant changes in the bioclimatic niches of most tree 

species. The most vulnerable will be the pedunculate oak due to the extreme habitat change, 

while drought-resistant species (such as pine and turkey oak) will be less threatened. The 

sessile oak, hornbeam, fir, spruce, and beech will be outside their 20
th

-century bioclimatic 

niches before the end of the 21
st
 century [15]. It can be expected that by the end of the 21

st
 

century, around 90% of today's beech forests will be outside their bioclimatic niche of the 20
th

 

century, with around 50% being in the zone where mass mortality is expected. Considering 

that beech forests are predominantly found at elevations ranging from 500 to 1000 meters 

above sea level, where the conditions for beech growth were most favorable during the period 
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from 1961 to 1991, and that the optimal habitats are likely to shift to elevations of 750 to 

1250 meters above sea level during the period from 2041 to 2070 due to the altered climate 

conditions [16], given that beech cannot migrate to higher elevations within such a short time 

span, a decrease in growth, drying, and habitat loss of beech at lower elevations can be 

expected. 

Climate change is anticipated to have substantial repercussions on forest ecosystems, 

particularly regarding the occurrence of pests and diseases. Although there's no clear-cut 

evidence linking pests and diseases directly to climate change, the warming of temperate 

forests and the intensification and prolongation of droughts are expected to play pivotal roles. 

Climate change influences various aspects of tree disease development, including host 

susceptibility, pathogen virulence, and environmental conditions conducive to disease 

propagation. For instance, higher temperatures accelerate the development rates of 

herbivorous insects like the oak lace bug (caused enormous ecological damage, mainly 

negatively impacting natural forest regeneration in Serbia in 2013), and bark beetles, leading 

to increased ecological damage and tree mortality. Serbia has experienced significant losses 

due to outbreaks of pests like the spruce bark beetle and the six-toothed spruce bark beetle, 

contributing to ecological and economic setbacks. Furthermore, altered climate conditions 

may indirectly affect disease vectors and biological control agents, potentially amplifying the 

abundance of pathogens and their transmission vectors (such as scale insects, certain bark 

beetles, fungi from the genus Neonectria spp. and O. ulmi, phytopathogenic viruses, 

phytoplasmas, phytopathogenic nematodes, etc.).  

Increasingly frequent and prolonged droughts and extreme weather will heighten soil 

erosion damage. Pluvial erosion, prevalent in Serbia due to its rugged terrain and reduced 

forest cover, primarily affects sloping areas. Despite rainfall being a key factor in erosion, 

regions most impacted by erosion, like the South Morava River basin, don't necessarily have 

the highest rainfall. These areas suffer from various negative climate effects and poor land 

management practices. Climate-vulnerable regions, already struggling with forestation and 

the benefits forests offer, will face amplified challenges. This decline in forest health will 

detrimentally affect forestry sectors and related rural economies. 

Certain regions in Serbia face heightened pressure due to a combination of altered climatic 

conditions, natural characteristics, infrastructure, forest resources, and economic 

development. Vulnerability analyses highlight the following districts: Zapadnobački, 

Severnobački, Severnobanatski, Srednjebanatski, Podunavski, Šumadijski, Rasinski, 

Nišavski, Toplički, Jablanički, and Pčinjski [10]. These areas, already at risk in terms of 

forestation and benefiting from ecosystem services provided by forests, are expected to bear 

the brunt of climate change impacts. 

The vulnerability of forests to altered climatic conditions is increasing due to the increased 

likelihood of forest fires. The influence of weather conditions on the behavior and spread of 

forest fires is well documented [17].  Key climatic factors influencing forest fire danger 

include air temperature, precipitation, humidity, wind, and drought. Larger fires can devastate 

ecosystems, prompting species migrations. Soil moisture, particularly organic matter, can 

hinder fire spread and ignition. Since 2000, Serbia has seen a rise in forest fires, with longer 

seasons and more extreme events expected. By the century's end, temperate forests may face 
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escalating fire risks due to decreased summer rainfall, rising temperatures, and drought. The 

most severe wood loss from fires occurred in 2012 (63,000 m
3
), 2003 (48,000 m

3
), and 2016 

(47,000 m
3
). Disturbances caused by fires facilitate the spread of invasive species (boxelder 

maple - Acer negundo), false indigo (Amorpha fruticosa), tree of heaven (Ailanthus altissima 

/Mill./ Swingle), and black locust (Robinia pseudoacacia) in central Serbia, along with 

hackberry (Celtis occidentalis), green ash (Fraxinus pennsylvanica Marsh.), honey locust 

(Gleditchia triachantos), black cherry (Prunus serotina Ehrh.), and Siberian elm (Ulmus 

pumila) in Vojvodina), outcompeting native plants and destabilizing ecosystems. Forest 

management strategies like thinning, vegetation removal, and diverse tree planting can 

mitigate fire risks. Forest fires also impact air quality and the environment locally and 

beyond. 

Climate change and global warming also significantly affect forestry sector production. 

This industry contributes 0.3% to Serbia's GDP. Scenarios indicate a clear impact of climate 

change on forest production. With a 3°C temperature rise, the forestry industry's additional 

gross value is projected to decrease annually by 0.020% by 2027, 0.300% by 2037, 0.608% 

by 2067, and 1.645% thereafter [18]. Adhering to the Paris Agreement's temperature limits 

(up to 2°C), it's anticipated that production losses in the forestry industry will reach $10.674 

billion from 2020 to 2040, escalating to $216.247 billion by the century's close. Doubling the 

global temperature would triple these losses. 

 

CONCLUSION 

Forests are essential for climate change adaptation and mitigation efforts. They contribute 

to carbon sequestration, provide crucial ecosystem services, conserve biodiversity, support 

sustainable land management, empower communities, mitigate the urban heat island effect, 

and align with global climate change agreements. Protecting and sustainably managing forests 

are key components of comprehensive climate action plans.  

The influence of climate change on forest ecosystems can trigger notable alterations in 

their composition, structure, and spatial distribution. Within the context of Serbia, the 

foreseen adverse effects of climate change on forests encompass a spectrum of dimensions. 

These encompass anticipated transformations such as potential shifts in the geographic 

latitude and altitude boundaries of specific forest types, modifications in the light 

requirements of select tree species, changes in the natural distribution patterns of forest types 

in correlation to each other, potential retreat and extinction of distinct communities, and 

adjustments in the makeup of plant communities spanning vegetation strata and social 

hierarchies, among other factors. Significant forested areas in Serbia are under threat, with 

various tree species experiencing drying, loss of vitality, and habitat reduction due to climate 

change-induced factors such as prolonged drought periods, ice storms, and warmer, drier 

conditions. The vulnerability of key species like pedunculate oak, beech, sessile oak, 

hornbeam, fir, and spruce poses significant challenges to forest ecosystems and the forestry 

sector. Vulnerable species such as pedunculate oak are particularly at risk due to extreme 

habitat changes. Furthermore, climate change is expected to exacerbate pest and disease 

outbreaks, increase soil erosion, and heighten the risk of forest fires, further impacting forest 

health and ecosystem stability. Zapadnobački, Severnobački, Severnobanatski, 
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Srednjebanatski, Podunavski, Šumadijski, Rasinski, Nišavski, Toplički, Jablanički, and 

Pčinjski districts, characterized by a combination of altered climatic conditions, natural 

characteristics, and economic development, are particularly vulnerable to the impacts of 

climate change on forests. Envisaged impacts carry direct implications for biodiversity 

preservation and underscore the imperative of embracing informed forest resource 

management practices. Furthermore, they intricately shape the viability and intensity of 

implementing sustainable forest management strategies. 

Production losses in the forestry industry are projected to escalate under different climate 

scenarios, highlighting the importance of implementing adaptive measures and policies to 

sustainably manage forest resources and mitigate economic losses.  

Overall, the findings underscore the urgent need for comprehensive strategies to mitigate 

the impacts of climate change on Serbian woodlands, including conservation efforts, 

sustainable forest management practices, and adaptation measures to safeguard forest 

ecosystems and the associated socio-economic benefits they provide. 
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Abstract  

Global warming, as part of general climate change, has certainly become an undeniable fact. An 

increasingly small part of the scientific and professional population denies this dramatic change in 

one of the most important parameters of the Earth's climate system, as well as the causes that 

encourage this process. The trend of temperature increase, as expected, varies to a certain extent in 

different parts of our planet. In this paper, an appropriate analysis of the temperature increase in the 

territory of the Republic of Serbia from the middle of the last century until today was performed. At 

the same time, as part of the analysis, a comparison was made with the global change. In the end, the 

city of Kragujevac was taken as a representative of the change in climate parameters in the Republic 

of Serbia and an analysis of the changes in the mentioned period was carried out. All the presented 

data indicate that climate change, and primarily Global Warming, is accelerating. This process 

already has serious, and with intensification can have catastrophic consequences for the living world 

on the planet, including humans. 

Keywords: climate change, Republic of Serbia, global warming, changes in climate 

parameters. 

 

INTRODUCTION 

The Earth's climate system is a complex dynamic system made up of five most important 

components, namely the atmosphere, hydrosphere, cryosphere, lithosphere and biosphere. 

Part of the climate system, in addition to these components, are also the constant reactions 

between them. The Earth's climate, as a product of the functioning of the climate system, has 

experienced a number of smaller or larger, as well as faster and slower changes in the history 

of the planet. All these changes, until recently, were always under the influence of natural 

mechanisms and certain internal and external factors. If we define the influence of man on the 

climate, since the middle of the twentieth century, as “unnatural” (although man himself is a 

part of nature, his influence and activities over the last few decades have exceeded the defense 

mechanisms of the climate system), then this is the first period in the history of the Earth in 

which “unnatural” changes. The greenhouse effect is one of the natural climate regulatory 

mechanisms available to the Earth's atmosphere. This mechanism raises the average 

temperature on our planet by more than thirty degrees Celsius (compared to a hypothetical 

state without an atmosphere) and allows life conditions to exist in the largest part of it. 
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The sudden increase in the number of human population, accelerated industrialization, way 

of life and high energy needs cause huge emissions of gases with the greenhouse effect. These 

emissions exceed the natural abilities of the system to absorb them and keep them within 

acceptable limits. By comparing the corresponding diagrams, a clear coincidence is observed 

between the increase in CO2 concentration and the increase in global temperature [1]. Global 

warming is the most significant part of overall climate change. The trend of temperature 

increase varies in intensity in different regions of the Earth, but the change is certainly of a 

general, planetary character. 

 

TREND OF CHANGE IN AVERAGE ANNUAL TEMPERATURES IN THE 

WORLD 

An increase in global temperatures has been observed since the middle of the 20
th

 century, 

but in recent decades, and especially in the last one, there has been an acceleration of changes. 

Figure 1 shows the increase in average annual temperatures by world region in the last two 

decades (2002–2011 and 2012–2021) measured above the land surface of the planet [2]. It is 

observed that the regions of Asia, Africa and North America record temperature increases at 

the level of the global average. Below that average, with a slightly slower rate of warming so 

far, are the regions of Australia and Latin America. The most significant increase in average 

annual temperatures is recorded on the European continent, and it is almost 50% higher than 

the world average, and twice as high as the Australian region.  

 

 
Figure 1 Temperature changes by world regions in the last two decades                                    

(Source: FAO, 2022. FAOSTAT: Temperature change) 

 

Figure 2 shows a diagram that compares the annual deviations of Tan values (average 

annual air temperatures), i.e. the values of GLaOATA (Global Land and Ocean Average 

Temperature Anomalies) and GLATA (Global Land Average Temperature Anomalies) for the 

period from 1850–2023. and in relation to the reference period 1901–2000 [3,8]. Due to the 

significantly higher inertia and heat capacity, it can be seen that the curve of global air 

temperature change over land including sea and ocean surfaces (GLaOATA) is significantly 

more stable (with a smaller amplitude of variation, as well as a smaller overall change) than 
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the curve that corresponds only to land areas (GLATA). In colder periods, especially in the 

first half century of the observed time range, the change in air temperatures over the land had 

a larger negative deviation compared to the global one. Similarly, in the warm period, and 

especially in the last few decades, the difference between the increase in air temperatures over 

the land compared to the ocean surfaces is rapidly increasing. A huge problem and great 

potential for future warming of the planet is the enormous accumulated heat in the ocean 

waters, especially in the surface layer (up to 700 meters deep). That new accumulated energy 

(period 1950–2023) is estimated (for a depth of up to 2000 meters) at about 500 Zettajoules  

(1 Zettajoules = 1 billion trillion joules) [4]. 

 

 
Figure 2 Comparison between values GLaOATA and GLATA 

 

Figure 3 shows the deviations of annual mean air temperatures, namely NHLoOATA 

(Northern Hemisphere Land and Ocean Average Temperature Anomalies), NHLATA 

(Northern Hemisphere Land Average Temperature Anomalies) and EATA (European 

Average Temperature Anomalies). Values for NHLoOATA and NHLATA [3,8] are given for 

the interval 1850–2023, and the period 1901–2000 was taken as reference. For the size of 

EATA, data are presented for the period 1910–2023, with the reference period 1910–2000 

(due to lack of earlier data). 

 

 
Figure 3 Comparison between values NHLaOATA, NHLATA and EATA 
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The relationship between the magnitudes of NHLoOATA and NHLATA roughly 

corresponds to the relationship already described for Figure 2 (magnitudes of GLaOATA and 

GLATA) When it comes to the magnitude of EATA, a significantly greater instability of 

mean temperatures can be observed. The reason for this probably lies in the fact that the land 

area is significantly smaller. And based on this diagram, it can be concluded that, especially in 

the last few decades, the European continent is warming at a faster rate than the rest of the 

Northern Hemisphere. 

 

CHANGES IN AVERAGE ANNUAL TEMPERATURES IN THE REPUBLIC OF 

SERBIA 

The Republic of Serbia is located in the southeastern part of the European continent, 

which, according to decades of observations, has one of the highest rates of increase in 

average annual temperatures. The Republic of Serbia is landlocked and, until recently, most 

of it had a typical moderate-continental climate. The diagram shown in Figure 4 shows the 

deviations of the average annual temperature (Taa) calculated for the territory of the entire 

republic in the period 1951–2023 from the norm for the reference period 1991–2020 [5,6,7]. 

As in the previous diagrams, a significant increase in the displayed size can be observed here, 

especially in the last two decades. In the last year (2023), a deviation of 1.5
o
C was reached, 

noting that already in the reference period (1991–2020) there was an increase compared to the 

previous one (1961–1990) by about 1
o
C. This means that the total increase in average annual 

temperatures for the territory of the Republic of Serbia in recent years has already reached an 

extremely serious 2.5
o
C. As part of the further analysis, the city of Kragujevac was chosen, 

which is located in the central part of the Republic of Serbia and is located at an average 

altitude of about 180 meters. 

 

 
Figure 4 Deviation of the average annual temperature in Serbia in the period 1951–2023           

(compared to the reference period 1991-2020; Taamd – average anomaly for the decade) 

 

The diagram in Figure 5 shows the average annual temperatures for the city of Kragujevac 

(Tak) in the period 1961–2023. Here too, a very similar increase can be observed from an 
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average of about 11
o
C during the period 1961–1990, to a value of 13.6

o
C in 2023. Perhaps an 

even more obvious presentation of the trend is given in Figure 6, where the values of average 

annual temperatures by decade (Tadk) are given, noting that the last interval refers to the last 

three-year period (2021–2023). To the possible remark that the three-year period is relatively 

short to reflect the character of the trend for the whole decade, comes the pessimistic 

statement that the average value of the future period of the rest of that decade (until 2030) will 

increase that value even more.  

 

 
Figure 5 Average annual temperatures for Kragujevac (in the period 1961–2023) 

 

 
Figure 6 Average annual temperatures for Kragujevac per decades (in the period 1961–2023) 

 

Table 1 shows the values of average summer temperatures (Tasm) for three summer 

months (June, July and August) by decades of the observed period. The summer part of the 

year, both for the territory of the Republic of Serbia and for the city of Kragujevac, showed 

the highest degree of increase in average temperatures compared to other parts of the year [9]. 
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Table 1 Average temperatures for Kragujevac in the summer months (June, July and August) by 

decades 

Decade 1961–1970 1971–1980 1981–1990 1991–2000 2001–2010 2011–2020 2021–2023 

Tasm 20.2 19.6 20.1 21.4 21.9 22.3 22.9 

 

CONCLUSION 

The climate system of the Earth as a product of its functioning forms the climate of our 

planet. Excessive human influence causes various disturbances in the functioning of that 

system, and thus leads to climate changes. Global warming is the main representative of 

climate change and currently the most pronounced change in one of the climate parameters. 

The increase in average temperatures is not uniform in all parts of the planet and in this sense 

there are significant differences by region. Land areas are warming faster than ocean surfaces, 

but the oceans have been storing enormous amounts of additional heat during recent decades 

that will certainly affect the future temperature regime of the planet. The European continent 

shows one of the fastest rates of warming, and this fact is especially true for its southeastern 

part, to which the Republic of Serbia belongs. The presented values of the increase in average 

annual temperatures for the Republic of Serbia and the city of Kragujevac indicate that in 

relation to the reference period 1961–1990, there was a warming of 2 to 2.5 degrees Celsius in 

these areas. This level of increase in average annual temperatures to an extremely serious 

extent can affect many aspects of human life, as well as the entire flora and fauna. What is 

particularly worrying is that the trend of warming the planet, and especially some of its parts, 

is accelerating. 
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Abstract  

Scientific institutions could play a prominent role in solving global problems and attaining 

Sustainable development goals (SDG). International Decade of Science for Sustainable Development 

stipulates an opportunity to align research priorities and knowledge generation more effectively 

towards sustainability. Institute for Technology of Nuclear and Other Mineral Raw Materials 

(ITNMS) contributes to various SDGs through its project activities, concentrating on those that cover 

a range of socio-technical systems or the areas of application as well as those that promote 

transversal directions for system change. This paper aimed to comprehensively present Institutes’ 

scientific projects in coordination with the set of 17 officially ratified goals of sustainable 

development. Obtained results are categorized according to several parameters: project realization 

period, institution position in the project (leader or participant), and type of the project (international 

or national). The Institute scientific activities possesses’ good alignment with several SDGs, 

particularly: SDG 12 (Responsible consumption and production) and SDG 9 (Industry, innovation, 

and infrastructure), but also directly or indirectly with SDG 2 (Zero hunger) and SDG 3 (Good health 

and well-being). Additionally, ITNMS project activities contribute to the Planet, Prosperity, People 

and Partnership UN pillars of sustainable development. With consideration of the guidelines of 

International Decade of Science for Sustainable Development and Strategy for scientific and 

technological development of the Republic of Serbia, ITNMS may effectively contribute to the 

solutions for current scientific and technological problems in a way that promotes sustainable 

development and various SDGs in future.  

Keywords: ITNMS, sustainable development goals, scientific projects.  

 

INTRODUCTION 

The paradigm of sustainable development is marking contemporary world`s efforts for 

meeting various development targets by enabling and balancing social, economic and 

environmental issues. The 17 Sustainable Development Goals (SDG) presents a set of goals, 

targets and indicators aimed at achieving worldwide sustainability. They were adopted by the 

United Nations General Assembly in 2015 as part of Agenda for Sustainable Development 

2030, and represent a substitute for Millennium Development Goals, taking into account the 

broader economic, environmental and social scope. SDGs are considered and important 

global transformative tool for achieving a better and more sustainable future for the planet, 

referring to: No poverty (SDG 1), Zero Hunger (SDG 2), Good health and well-being       
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(SDG 3), Quality education (SDG 4), Gender equality (SDG 5), Clean water and sanitation 

(SDG 6), Affordable and clean energy (SDG 7), Decent work and economic growth (SDG 8), 

Industry, innovation and infrastructure (SDG 9), Reduced inequality (SDG 10), Sustainable 

cities and communities (SDG 11), Responsible consumption and production (SDG 12), 

Climate action (SDG 13), Life below water (SDG 14), Life on land (SDG 15), Peace and 

justice strong institutions (SDG 16) and Partnership for the goals (SDG 17). Those goals are 

accompanied by 169 specific targets and 232 measurable indicators.  

World countries are called to incorporate Agenda 2030 and SDGs into their national 

policies, planning instruments, strategies and finances, and provide annual Progress reports on 

the Implementation of SDGs. Role of government, business, research, non-profit 

organizations and other key stakeholders is recognized for the successful implementation of 

SDGs. The international science system currently produces fragmented and 

compartmentalized knowledge and there is a strong need to align research and development 

with society’s urgent needs (International Science Council, 2023). Research institutions could 

play an important role in achieving SDGs, providing new knowledge, solutions and 

innovations, particularly through inter- multi- and transdisciplinary approaches, and serving 

as generators of ideas and solutions for complex global problems. An advance of science, 

technology and innovation (STI) has been observed as one of the key features guiding the 

society's progress. Therefore, the utilization of STI in developing the SDG roadmaps has been 

perceived as an advancing approach for global sustainability.  

The Republic of Serbia has been committed to the attainment of the SDGs, developing a 

strategic framework for successful monitoring and improvement of this process within the 

frame of Agenda 2030. Serbia has taken the pioneering role by becoming one of the first 

countries in the world that use a Smart specialization approach for developing the STI for 

SDGs Roadmap within the UN Global Pilot Programme. Recognizing the key role of science 

in solving global problems and attaining SDGs, at the initiative of Serbia, the United Nations 

General Assembly adopted the Resolution on the International Decade of Science for 

Sustainable Development (IDSSD) 2024–2033. One of the imperatives of this Resolution is to 

set bridges across the scientific disciplines for addressing complex global problems by using a 

transformative multidimensional approach that provides policymakers with evidence-based 

analyses. Strategy for scientific and technological development of the Republic of Serbia for 

the period from 2021 to 2025 “The power of knowledge” [1] additionally focuses researches 

on social challenges and priorities that are aligned with the SDGs through mechanism of 

competitive financing the science, technology and innovation system, primarily through the 

programs of the Science Fund and the Innovation Fund of the Republic of Serbia. Scientific 

institutions in Serbia should align their strategies and development plans with these priorities. 

The aim of this paper is to assess the contribution of the Institute for Technology of 

Nuclear and Other Mineral Raw Materials (ITNMS) to the SDGs and to identify the basic 

sustainable development goals important for the work and strategic development of the 

ITNMS, that, with an adequate transformative approach to STI, may contribute to more 

effectively solving of contemporary complex problems and achieving sustainability on 

national and international level. 
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MATERIALS AND METHODS 

Analysis and mapping of the project's direct and indirect contributions to the 17 SDG 

targets was done for the research projects that were implemented at ITNMS starting from 

2015 forward [2,3]. The direct or indirect representation of SGDs in a total number of 33 

projects was analysed, followed by several sub-criteria: projects in which the institution is the 

leader as opposed to those in which it is a participant; project categories (national or 

international). Moreover, level of representation of 17 SDGs in ITNMSs projects was 

identified and classified according to the frequency of occurrence. 

 

RESULTS AND DISCUSSION 

The level of representation of SDGs in ITNMS projects was identified and classified by the 

frequency of occurrence in the period 2015–2024 (Table 1).  

 

Table 1 Level of representation of 17 SDGs in ITNMS projects in period 2015–2024 

Representation in ITNMS projects Sustainable development goal Criteria 

Well represented 2, 3, 9, 12 >25% 

Moderately represented 6, 7,14, 15 10–20% 

Low represented 4, 8, 13, 17 0–10% 

Not represented 1, 5, 10, 11, 16 0% 

 

As visible from Table 1, SDGs 2, 3, 9 and 12 are particularly well represented, confirming 

the prevailing institution`s orientation towards enhancing scientific research to increase 

resource-use efficiency and promote the adoption of clean and environmentally sound 

technologies in industrial processes, encourage environmentally sensitive management of 

chemicals and wastes throughout their life cycles, significantly reduce the generation of waste 

through prevention, reduction, reusing and recycling. ITNMS projects outputs could also be 

employed for the purpose of enhancing sustainable food production and resilient agricultural 

practices, and, indirectly, to reduce illnesses and deaths from hazardous chemicals and 

pollution.  

The following grouping and categorization of projects was made according to the ITNMS 

position in the implemented projects. Namely, the matching of projects with the SDGs was 

monitored, depending on whether the ITNMS had a leading role or was participating as a 

partner in project. Findings are presented in Figure 1. Figures a) and b) generally show similar 

trends. SDG 9 and SDG 12 are the most dominant in both groups, being in line with main 

research and development areas of ITNMSs work.  

Next separation was done by the type of project (national or international), with results 

presented in Figure 2. Lower number of SDGs is represented in national projects (8) in 

comparison to the international projects (12), revealing the increased consideration of SDGs 

issues by projects of broader scope. 
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Figure 1 Mapping of projects matching with SDGs depending on ITNMS role as a) project leader;    

or b) project participant 

 

 
Figure 2 Classification of SDGs by type of projects from 2015 to 2024: a) national projects;              

b) international projects 

 

Lack of representation of goals 1, 5, 10, 11, and 16 in both groups from Figure 2 is 

justified by the fact that the work of ITNMS is concentrated on technical-technological area 

and that sociological aspects as well as the aspects of inequalities are not being part of the 

current institution's work. The inclusion of SDG 8 (Decent work and economic growth), 

Quality education (SDG 4), as well as the inclusion of SDG 17 (Partnership for the goals) in 

international projects is other notable distinction between the two groups, reflecting the 

specific focus areas of these two project categories. According to the national Agenda 2030, 

SDG 8 should be more strongly linked to the areas of science and innovation, emphasizing 

way the Serbia's research system may be strengthened by enhancing its ties to the economy, 

thus supporting economic expansion. Moreover, Strategy for scientific and technological 

development encourages association and cooperation at the international level for achieving 

the SDG`s 17 target, particularly within the European Research Area. 

On a global level, SDGs are categorized through addressing the UN 5 pillars of sustainable 

development: People, Prosperity, Planet, Peace, and Partnership. Work of [4] proposed three 

additional categories of SDG`s from an STI point, namely: 1) ones that cover a range of 

socio-technical systems or the areas of application, 2) ones that promote transversal directions 

for system change, 3) goals that focus on framing conditions focusing on governmental 

transformation. The transformative potential of generated scientific knowledge could be 

enhanced and integrated if the links among socio-technical system change, directionality, and 

framework conditions become established and gradually stronger [5]. Moreover, such STI 
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transformation calls for fundamental shifts in system paradigm and goals, as well as their 

acceleration by involved collaborators [6]. Figures 3 and 4 present two SDG categorizations 

with accented SDGs tackled by ITNMS projects. 

 

 
Figure 3 Representation of SDGs in ITNMS projects across categories according to UN 5 pillars of 

sustainable development 

 

 
Figure 4 SDGs from transformative science, technology and innovation (STI) point of view, modified 

from [4] 

 

CONCLUSION 

Mapping the overall  contribution of the scientific projects realized in ITNMS during 

2015–2024 to the 17 UN SDGs resulted in identification of sustainable development goals 

primarily important for the work and strategic development of the ITNMS, as well as those 

that are moderately represented in current scientific activities, but may become more 

important in the future as the scope of the scientific work and projects expands in accordance 

with actual needs and resource use patterns and demands.  

Strategic development of the ITNMS is in line with the Strategy for scientific and 

technological development of the Republic of Serbia, aiming to ensure sustainable 

functioning of ITNMS as a multidisciplinary institute which is recognizable by its modern 

approach to science and research. Competitiveness should be built through focusing the 

researches on defined challenges and priorities on national and international level that are 

aligned with the SDGs, including those already well represented in the ITNMSs projects 

(SDGs 2, 3, 9, 12), as well as straightening those defined as important by national strategies 

and international programs (SDGs 8 and 17). With an adequate transformative, collaborative 

and multidisciplinary approach to STI, ITNMS may more efficiently contribute to the solving 

of contemporary scientific and technical challenges in a sustainable development manner, 
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particularly taking into account the guidelines of International Decade of Science for 

Sustainable Development. 
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Abstract 

In order to preserve the environment, the strategy of economic development in the world is based on 

the use of waste as a raw material for obtaining new products. Waste can be used in the same industry 

in which it was produced or in other industries. This paper presents an examination of the chemical 

durability of glass-ceramics obtained by sintering fly ash glass at characteristic temperatures                 

(850 and 900°C). The chemical stability of the glass-ceramics was tested in three solvents, distilled 

water, HCl (0.01 mol/dm
3
) and NaOH (0.01 mol/dm

3
). The results indicate that the chemical 

durability of glass sintered at 900°C is slightly lower than glass-ceramic sintered at 850°C. The 

higher chemical durability of the glass-ceramic sintered at 850°C can be attributed to the presence of 

wollastonite, which was not detected in the glass-ceramic sintered at 900°C. The obtained glass-

ceramics has a high chemical durability, with mass changes below 1%. FTIR and SEM analysis of the 

samples after dissolution revealed that there was no disruption of the structure. 

Keywords: fly ash, glass-ceramic, sintering, chemical durability. 

 

INTRODUCTION 

The Europe 2020 strategy aims to increase the share of energy from renewable resources to 

20%, to reduce the primary energy consumption up to 20% by improving energy efficiency, 

to reduce the use of virgin raw materials and to reduce the greenhouse gas emissions by 20%, 

compared to the 1990 levels [1]. The linear economy model was based on the                           

“take-make-consume-dispose” pattern. The circular economy advocates for keeping resources 

in circulation for extended periods through practices like resource sharing, leasing, reusing, 

repairing, refurbishing, and recycling. The number of research studies aimed at using waste as 

a raw material for obtaining new materials as well as new usable products is growing. Waste 

can be turned into a valuable resource for the manufacturing industries, avoiding disposal and 

the use of virgin raw material. Waste from one industry should become raw material for 

another [2,3]. 

Fly ash is a mineral residue after burning coal in thermal power plants that leaves the 

combustion furnace together with flue gases. Fly ash is separated from the flue gas stream in 

electrostatic filters. The Nikola Tesla thermal power plant annually uses about 29 million tons 
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of lignite to produce electricity. Between 14 and 30% of ash is produced by burning Kolubara 

lignite [4]. Lignites have a high content of volatile substances, mineral substances, moisture 

and sulfur. In the world, there is a noticeable trend of increase in use of fly ash as a secondary 

raw material, but there is still a huge difference between developed countries, where the 

degree of utilization of fly ash is high, and developing countries, where the degree of 

utilization of fly ash is only a few percent or does not exist. The usage of different waste 

materials, like fly ash for commercial purposes, in addition to economic growth, also 

contributes to the improvement of the quality of the environment [5–7]. The use of waste 

materials generated in thermal power plants in Serbia is very low. In recent years, an initiative 

has been launched to use fly ash, slag and gypsum as raw materials, and also to export them to 

countries where these wastes are used as useful raw materials [4]. 

The goal of the research was to use a fly ash as a raw material and to obtaining fly ash 

glasses and glass-ceramics with good mechanical properties and good chemical durability that 

could be used in the construction industry. The environmental impact of the obtained glass-

ceramic materials was examined according to the TCLP (Toxicity Characteristic Leaching 

Procedure) method by leaching toxic metals. All solutions after testing had heavy metal 

content below the US EPA limits, which confirms that the synthesized materials are safe for 

the environment [5]. In the current paper, the chemical durability of glass-ceramics obtained 

by sintered fly ash glass is presented. 

 

MATERIALS AND METHODS 

Glass-ceramics synthesis 

The glass batch composition was prepared from fly ash (75 wt.%), CaO (15 wt.%) and 

Na2O (10 wt.%). CaCO3 and Na2CO3 are added in order to add CaO and Na2O to the glass 

batch. Modifying oxides are added to achieve the optimal viscosity of the glass melt. The 

melting was performed in an electric furnace Elektron at T=1500°C for one hour in 200 ml 

open Zr/Si crucible. The glass was obtained by quenching the melt on a steel plate. The glass 

was ground in a TENCAN planetary mill at 400 rpm for 60 minutes. After grinding, the glass 

was sieved through a sieve and glass powder with a grain size of <0.063 mm was used. The 

glass powder was uniaxially pressed in a laboratory hydraulic press Manfredi C 95 at 20 MPa 

for 30 s, with the addition of 5% water as a binder. The obtained pellets, weighing 1 g each 

and measuring 15 mm in diameter and 3 mm in thickness. The pellets were heated at a rate of 

10°C/min and sintered at temperatures of 850 and 900°C for 1 hour in an electric furnace 

Carbolite CWF 13/13. The sintering temperatures were determined based on the HSM (Hot 

Stage Microscopy) results [5]. 

Leaching tests 

The sintered pellets (glass-ceramics) are crushed in an agate mortar. Sintered glass-

ceramics powders with a grain size of 0.3–0.5 mm were used in the leaching tests. 2 g of 

glass-ceramic powders were placed in a flask with a lid and 70 ml of one of the solvents was 

added. The influence of distilled water, 0.01 mol/dm
3
 HCl and 0.01 mol/dm

3
 NaOH was 

tested. Closed flasks were placed in a water bath and kept for 2 h at 95°C at 90 rpm. After 2 h, 

the glass-ceramic powders were separated from the solution by filtration. The sample was 
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dried to a constant mass at 110°C and the change in mass was determined. The structural 

characteristics of the sintered samples before and after dissolution were examined by the 

FTIR-ATR method. The glass-ceramic surface in contact with solvents was examined by 

SEM analysis. The concentration of present ions in the solutions was determined. 

Characterization of glass-ceramics and solution 

The chemical composition of glass and solutions was determined by gravimetric and 

spectroscopic methods, i.e., by AAS using a PERKIN ELMER 703 instrument and UV/VIS 

spectroscopy using a PHILIPS 8610 spectrophotometer. The Fourier transform infrared 

spectroscopy (FTIR) studies were performed using a PERKIN ELMER 2000 FTIR 

spectrometer in the 4000–400 cm
−1

 range. 

 

RESULTS AND DISCUSSION 

Powder X-ray diffraction (XRD) analysis confirmed the quenched melts to be amorphous 

(data not shown). Chemical analysis determined that the glass has a composition: 

49.9SiO2·12.0Al2O3·21.9CaO·2.2MgO·10.7Na2O·0.6K2O·0.7TiO2·2.0Fe2O3 (mol%). 

The chemical durability of sintered glasses was tested in neutral, acidic and basic 

environments. Dissolving the glass network is a complex process consisting of several steps. 

In a neutral and acidic environment at the beginning of dissolution, the process of ion 

exchange between protons (or hydronium ions) from the solution and cations of the glass 

network modifier is characteristic, creating a hydrated layer through which diffusion takes 

place. In the initial phase, alkali ions diffuse through the glass network over the hydrated 

layer into the solution. The next stage is the hydrolysis of the glass network, during which the 

covalent bonds of the network builder with oxygen are broken [8,9]. In the base environment, 

the glass network former is directly dissolved into the solution. SiO4-tetrahedra in the glass 

network are susceptible to nucleophilic attack by OH
-
 ions, resulting in the formation of a 

reactive five-coordinated intermediate that disintegrates, breaking the Si-O-Si bond [10,11]. 

Table 1 shows the mass change and concentration of elements in the solution after testing 

the chemical durability of glass sintered at 850°C. 

 

Table 1 The mass change (Δm) and concentration of elements in the solution after testing the chemical 

durability of glass sintered at 850°C 

Leaching 

solution 
Δm, % 

Concentration of element in solution, mg/l 

Si
 

Al
 

Ca
 

Mg Na
 

K
 

Ti
 

Fe
 

H2O 0.22 1.94 <0.1 0.6 0.05 0.49 0.14 <1 0.17 

HCl 0.32 3.21 <0.1 3.8 0.35 0.85 0.16 <1 0.10 

NaOH 0.28 6.26 1.20 0.6 0.01 / 0.36 <1 0.34 

 

The concentration of Si in the solution after the leaching test in the 0.01 mol/dm
3
 NaOH 

solution is significantly higher than the concentration of Si in the solution after the chemical 

stability test in water and the 0.01 mol/dm
3
 HCl solutions. It is clear that the destructive 

nucleophilic attack of OH
-
 ions on the silicate network is the dominant dissolution 

mechanism. Ion exchange is more dominant in an acidic environment compared to a neutral 



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

589 

 

environment due to the higher concentration of H
+
 (H3O

+
) ions in the solution, which results 

in higher concentrations of alkaline and alkaline earth elements in the solution. The mass 

change of the sample after dissolution in all three environments is approximately the same 

and was below 0.5%. Figure 1 shows the FTIR analysis before and after testing the chemical 

durability of glass sintered at 850°C. 

The FTIR spectrum of sintered glass differs from the FTIR spectrum of the parent glass 

(data not shown) because bands characteristic of crystalline phases formed during sintering 

can be observed [5]. In the FTIR spectra of the samples after dissolution in all three media, no 

shifts in bands are observed, indicating that the material structure has not been disrupted. In 

the FTIR spectrum of glass sintered at 850°C, bands in the range of 850–1000 cm⁻¹ (969 and 

897 cm⁻¹ – shoulder) can be attributed to the asymmetric stretching vibrations of Si-O-Si and 

asymmetric and symmetric stretching vibrations of O-Si-O bonds in wollastonite. 

 

 
Figure 1 FTIR spectra: original glass-ceramic sintered at 850ºC, glass-ceramic after immersion in: 

distilled water (dest. H2O), 0.01 mol/dm
3
 HCl (HCl) and 0.01 mol/dm

3
 NaOH (NaOH) 

 

A band detected at 697 cm⁻¹ can be attributed to bending vibrations of the Si-O-Si bond 

and confirms the presence of nepheline. Bands corresponding to bending vibrations of Si-O 

and stretching vibrations of Ca-O bonds in wollastonite can be detected at 501 and 457 cm⁻¹. 

On the other hand, according to the literature, bands for bending vibrations of Si-O-Al bonds 

in nepheline can be detected in the range of 510–470 cm⁻¹ [12,13].  

Table 2 shows the mass change and concentration of elements in the solution after testing 

the chemical durability of glass sintered at 900°C. 

The results shown in Table 2 indicate that the chemical durability of glass sintered at 

900°C is slightly lower than glass sintered at 850°C. The higher chemical durability of the 

glass sintered at 850°C can be attributed to the presence of wollastonite, which was not 

detected in the glass, sintered at 900°C. 
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Table 2 The mass change (Δm) and concentration of elements in the solution after testing the chemical 

durability of glass sintered at 900°C 

Leaching 

solution 
Δm, % 

Concentration of element in solution, mg/l 

Si
 

Al
 

Ca
 

Mg Na
 

K
 

Ti
 

Fe
 

H2O 0.17 1.52 0.5 0.6 0.13 0.72 0.23 <1 0.12 

HCl 0.74 2.57 <0.1 2.80 0.37 1.34 0.36 <1 0.23 

NaOH 0.65 6.76 1.2 0.6 0.1 / 0.98 <1 0.33 

 

Figure 2 shows the FTIR analysis before and after testing the chemical durability of glass 

sintered at 900°C. In the FTIR spectrum of the sintered glass sample, bands characteristic of 

crystalline phases formed during sintering can be observed. As in the previous case, the 

structure remains intact after chemical durability tests. 

 

 
Figure 2 FTIR spectra: original glass-ceramic sintered at 900ºC, glass-ceramic after immersion in: 

distilled water (dest. H2O), 0.01 mol/dm
3
 HCl (HCl) and 0.01 mol/dm

3
 NaOH (NaOH) 

 

In the analyzed sample, an FTIR band at 978 cm⁻¹ can be identified, corresponding to the 

symmetric stretching of Si-O-Si and Si-O-Al bonds, bands at 680 and 584 cm⁻¹ attributed to 

bending vibrations of the Si-O-Si bond, and a band at 457 cm⁻¹ corresponding to bending 

vibrations of the Si-O-Al bond, confirming the presence of nepheline in the sample. 

Kushiorite, which is structurally similar to pyroxenes, is also present in the sample. For 

pyroxene samples, bands in the range of 1100–800 cm⁻¹ can be attributed to symmetric and 

asymmetric stretching vibrations of bonds in the SiO₄-tetrahedron, so in the analyzed sample, 

the presence of kushiorite can be confirmed by bands at 895 and 840 cm⁻¹ (shoulder). The 

results of the FTIR analysis are consistent with the results obtained by XRD analysis [13,14]. 

SEM analysis of the glass-ceramic samples showed that no changes occurred on the 

surface after immersion in distilled water, HCl or NaOH. The SEM micrographs of the 

surfaces of glass-ceramic sintered at 900ºC and the surface of glass-ceramic sintered at 900ºC 

after immersion in 0.01 mol/dm
3
 HCl are presented in Figure 3. 
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a) b) 

  
Figure 3 SEM micrographs of the surface of: a) glass-ceramic sintered at 900ºC; b) glass-ceramic 

sintered at 900ºC after immersion in 0.01 mol/dm
3
 HCl 

 

CONCLUSION 

Using waste materials as raw materials for new products is one of the basic principles of 

the circular economy. This paper presents an examination of the chemical durability of glass-

ceramic materials obtained by sintering fly ash-based glass. The obtained glass-ceramics has a 

high chemical durability, with mass changes below 1%. The results indicate that the chemical 

durability of glass sintered at 900°C is slightly lower than glass-ceramic sintered at 850°C. 

The higher chemical durability of the glass sintered at 850°C can be attributed to the presence 

of wollastonite, which was not detected in the glass-ceramic sintered at 900°C. Both glass-

ceramics have the lowest durability in 0.01 mol/dm
3
 HCl. Tests showed that chemically stable 

materials were obtained that can be used as construction materials. 
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Abstract 

This study delves into the recycling potential of electronic waste, specifically focusing on CPUs, for 

the facilitation of hydrogen and oxygen evolution reactions. Through the implementation of eco-

friendly leaching methodologies, valuable metals were extracted from discarded electronic 

components, paving the way for their utilization in sustainable energy applications. A multi-step 

leaching protocol was employed to obtain a solution directly applicable as an electrolyte for 

electrochemical analysis. Results from cyclic voltammetry and Tafel analysis unveiled a notable 

enhancement in electrocatalytic activity for hydrogen evolution compared to oxygen production, 

indicating the intricate behavior of the electrolyte. While the electrolyte demonstrates promise in 

promoting hydrogen evolution, further optimization may be necessary to maximize its efficiency for 

oxygen evolution reactions. Overall, this research contributes to advancing eco-friendly recycling 

strategies and underscores the potential of electronic waste recycling for renewable energy 

generation. 

Keywords: e-waste, hydrogen evolution reaction, oxygen evolution reaction, CPU recycling. 

 

INTRODUCTION 

In the digital age, electronic waste (e-waste) has emerged as a pressing environmental 

concern, with discarded CPUs (Central Processing Units) representing a significant portion. 

As technology advances and consumer demand escalates, the proliferation of e-waste 

continues to surge year after year. Addressing this challenge is paramount, not only to 

mitigate environmental hazards but also to harness valuable resources embedded within these 

electronic components [1]. 

This paper explores the critical need to recycle e-waste CPUs, highlighting the growing 

trend of electronic waste accumulation. While conventional methods of disposal often lead to 

detrimental environmental consequences, this study proposes a transformative approach 

centred around the utilization of eco-friendly chemicals and methodologies. Specifically, the 

focus is directed towards the leaching of precious metals like gold, alongside other valuable 

metals, from discarded CPUs.  

By harnessing the extracted metals, particularly gold, in conjunction with environmentally 

friendly leaching techniques, this study aims to facilitate the production of hydrogen and 

oxygen through electrochemical processes. The synthesis of hydrogen and oxygen via 
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electrolysis holds promise as a clean and renewable energy source, contributing to the global 

transition towards a low-carbon economy. 

 

MATERIALS AND METHODS 

Sample collection and Pre-treatment 

All CPUs utilized in this study were sourced from the same brand and generation. The 

computers underwent disassembly, and the processors were meticulously removed from their 

sockets and motherboards. Subsequently, a thorough cleaning process was employed to 

eliminate any contaminants such as dirt, plastic residues, and thermal paste, ensuring 

uniformity across all samples. 

The processing of these CPUs involved the utilization of an basic electrical mill and the 

resulting powder exhibited some variance in particle size, which was subsequently assessed 

using lab sieve. Following this characterization, the powder underwent the leaching procedure 

[2]. 

Leaching procedure 

The leaching process employed in this study was a multi-step method utilizing various 

chemicals, offering the possibility of effectively separating different metals present in CPU 

powder. 

The initial step involved dissolution in 1M HCl at ambient temperature and under an inert 

gas atmosphere for a duration of 5 hours. This step aimed to dissolve and segregate Fe and Ni 

from the other metals present in the powder. 

Following dissolution, the solution underwent filtration, and the sediment was 

subsequently separated, washed, and dried until complete dryness was achieved. 

Subsequently, the dry powder was immersed in a solution comprising NH3/(NH4)2SO4 + H2O2 

at room temperature for 2 hours. This step facilitated the dissolution and removal of Cu and 

Ag from the sample. 

Upon completion of this leaching step, the powder underwent another round of filtration, 

washing, and complete drying, preparing it for the final leaching phase. In this last procedure, 

the dried powder was dissolved in a mixture of 4-PSH + DMF + H2O2 at 60°C for 25 minutes. 

Here, the metallic Au dissolved from the powder and formed a complex with 4-PSH. Finally, 

the solution underwent filtration once more, and the resultant solution was reserved for 

subsequent testing [3]. 

Electrochemical testing 

Electrochemical assessments were conducted within a three-electrode glass cell setup. The 

working electrode comprised a pure metallic nickel electrode with a surface area of 1 cm
2
, 

while high-surface-area nickel foam served as the counter electrode. An Ag/AgCl electrode 

functioned as the reference electrode. 

Electrochemical characterization involved the recording and analysis of polarization curves 

to ascertain the kinetics of hydrogen and oxygen evolution reactions within the electrolyte. 

The electrolyte employed was a solution prepared from the aforementioned powder. 
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RESULTS AND DISCUSSION 

The primary focus of this investigation was to explore the feasibility of employing 

recycled metals sourced from electronic waste, particularly CPUs, in hydrogen and oxygen 

evolution reactions. The three-step protocol for metal leaching yielded a solution utilized 

directly as an electrolyte for this analysis. 

Recorded cyclic voltammogram (Figure 1) offers valuable insights into the oxidation and 

reduction processes occurring at the electrode surface. While the oxidation peak at 

approximately 0.5 V vs Ag/AgCl suggests nickel oxidation, the absence of a corresponding 

reduction peak, expected around 0.1 V vs Ag/AgCl, indicates the involvement of additional 

processes at the electrode surface [4]. 

 

 
Figure 1 Cyclic voltammogram of a pure nickel electrode in prepared solution 

 

As evidenced by recorded polarization curve (Figure 2), the metal complex, likely the Au-

PSH complex, exhibited relatively favorable electrochemical activity for the hydrogen 

evolution reaction. Conversely, its performance in oxygen production was comparatively less 

promising. 

 

a) b) 

  
Figure 2 Polarization curves for a) hydrogen; b) oxygen evolution reactions 
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A subsequent Tafel analysis was conducted on the recorded polarization curves, and the 

resulting plots are depicted in Figure 3. In the Tafel plot, a linear correlation emerges between 

the logarithm of the current and the overpotential. The slope of these curves, referred to as the 

Tafel slope, offers insights into the reaction mechanism and activation energy. Tafel slope 

values categorize reactions into three mechanisms: activation-controlled, diffusion-controlled, 

and mixed-controlled. 

 

a) b) 

  
Figure 3 Tafel plots for a) hydrogen; b) oxygen evolution reaction 

 

The Tafel slope values obtained from the analysis and presented in the Table 1 provides 

further confirmation of the initial hypothesis, indicating that the electrolyte prepared using 

this protocol exhibits a superior electrocatalytic capacity for hydrogen production compared 

to the oxygen evolution reaction. This disparity in electrocatalytic performance between the 

two reactions underscores the nuanced behavior of the electrolyte and highlights its selective 

enhancement towards hydrogen evolution. 

 

Table 1 Kinetic parameters for Ni electrode in prepared solution 

Reaction Tafel slope (mV/dec) 

Hydrogen evolution reaction -266.8 ± 0.8 

Oxygen evolution reaction 318.8 ± 0.5 

 

The discrepancy in Tafel slope values between hydrogen and oxygen evolution reactions 

suggests that the activation energy barrier for hydrogen production is comparatively lower, 

facilitating a more efficient electrochemical process. Conversely, the higher activation energy 

barrier associated with the oxygen evolution reaction indicates a more sluggish kinetics, 

impeding the rate of oxygen generation [5]. 

 

CONCLUSION 

The exploration into the recycling of electronic waste, particularly CPUs, for the purpose 

of hydrogen and oxygen evolution reactions presents a multifaceted endeavour with profound 

implications for sustainability and clean energy generation. Multi-step leaching protocol 
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showcased in this research offers a promising avenue for reclaiming metals from e-waste 

CPUs, with the resultant solution serving as a direct electrolyte for electrochemical analysis. 

Through cyclic voltammetry and Tafel analysis, insights into the electrochemical behaviour of 

the recycled metals have been gleaned, revealing a preferential enhancement towards 

hydrogen evolution over oxygen production. 

The complex interaction between electrolyte composition and electrochemical processes 

underscores the need for tailored strategies to use recycled materials for energy production.  

While the electrolyte exhibits promising electrocatalytic capabilities for hydrogen evolution, 

further optimization may be necessary to improve its effectiveness in oxygen evolution 

reactions.  

Overall, this study underscores the potential of recycling e-waste for resource recovery and 

renewable energy generation. By advancing eco-friendly leaching methodologies and 

elucidating electrochemical mechanisms, this research contributes to the ongoing efforts 

towards a circular economy model and the transition to a greener, more sustainable future. 
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Abstract 

International business requires a special commitment of the company's management, due to cultural 

differences. Globalization has imposed an imperative to accept cultural diversity in the world, so 

diversity becomes a source of competitiveness. Companies that form strategic partnerships based on 

cultural differences face numerous problems. However, well-formed strategic partnerships can greatly 

contribute to positive business results. A company's brand can be a significant source of competitive 

advantage. The aim of this work is to indicate the existence of diversity in the management processes 

of Brand management within the intercultural area at the global level and in the part of adaptation to 

climate change. As a solution to this problem, the necessity of understanding cultural differences is 

proposed, because differences in management style do not have to be obstacles but should complement 

each other. It is a unique position that cultural diversity is a source of creativity and original ideas in 

adaptation to climate change. 

Keywords: brand, globalization, climate changes, cultural differences, business. 

 

INTRODUCTION 

Climate change is increasingly affecting the environment and the economy. Until the 

beginning of the industrial revolution, the climate was changing because of modifications in 

natural circumstances. However, today, global warming does not happen by itself, it is a 

consequence of increasing anthropogenic influence [1]. Based on all the social, ecological, 

economic, and other consequences brought by climate change, the importance of studying the 

effects of climate change on the economy and society is necessarily imposed, all with the aim 

of increasing the nation's awareness [2]. Doing business outside the home country has become 

a common form of development for an increasing number of companies. When implementing 

their strategy, managers should consider the unique culture of each country in which they 

operate, because the culture of each country represents the generally accepted values, 

traditions and ways of behaviour of social groups. 

Every brand manager is faced with the challenge of finding the right solution that would 

represent the best incentive for employees while respecting cultural diversity. Successful 

business is possible if the cultural differences and rules of participants from different parts of 

the world are understood. A good knowledge of intercultural management helps to understand 

business in another market, and neglecting the influence of culture on the company's business 

in another country today definitely leads to failed business negotiations, which is reflected in 

unfavourable business results. Only those companies that understand and respect cultural 
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differences in brand management can achieve successful business. Today's business 

management requires efficiency, flexibility, innovation, stability and, based on that, 

productivity improvement in all aspects of business. 

 

 CULTURE AND INTERCULTURALITY  

A discussion of intercultural sensitivity, intercultural competence or intercultural 

intelligence should begin with a discussion of the term culture itself. Culture is usually 

defined as a system of shared values, attitudes, communication patterns, beliefs, behaviours, 

norms, material objects, and symbolic resources that distinguish members of one group of 

people from others. Theorists define culture as the rules of living and functioning in society. 

Since the rules differ from culture to culture, one should know how to play by the rules. Rules 

make it possible to design the environment and reduce uncertainty about the social 

environment. 

A culturally diverse society must understand that interculturality is a key prerequisite for 

effective communication. It represents a challenge, the creation of a fairer one, to “learn to 

live together” [3]. The increasing cultural complexity of contemporary social and business 

environments requires an understanding of the importance of managing cultural differences in 

such a way that they become opportunities. Interculturality implies openness, interest, 

curiosity and empathy towards people from other cultures. It enables people to function 

effectively and achieve interactional and transactional goals. Interculturality is based on a 

series of basic cognitive and affective competences, combined and known as intercultural 

competence. 

Skills developed from intercultural sensitivity are intercultural competencies. Intercultural 

sensitivity is “a person's response to intercultural differences”. Scientists define intercultural 

sensitivity as an active desire to understand, appreciate and accept differences between 

cultures, even in relation to climate change [4]. The business phenomenon itself is based on 

collecting or adopting the values of other cultures or even the culture of the people to which 

the user-customer belongs. Namely, it is necessary to know a lot, and not only to be familiar 

with climate change and the possibilities for adaptation to climate change within different 

cultures. 

International management, as a “translation” of the term “international management”, can 

also be related to the international political events that marked the nineties of this century. 

The conception of the new world order, which is dictated by the United States of America, 

has, in its basis, many elements of the so-called of international management. If the 

geoeconomic aspects of this American concept are added to that, then one can talk about its 

significant impact on the macroeconomics of individual countries, as well as on their 

microeconomic structures [5]. Instead of the so-called international management, it is better to 

use the term intercultural management, since its content is more appropriate to contemporary 

trends in the global economy. Likewise, governance among nations should be replaced by 

governance among different cultures. 

The elements of the international lose their importance through the usual divisional 

organizational structure of multinational companies. Therefore, the international operations 
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and facilities of the parent company retain their national characteristics and take on the 

cultural characteristics of the country in which they are located. This is confirmed by the 

multitude of so-called transplant companies, which large Japanese corporations – from the 

beginning of the eighties until today – established in America and Europe [6]. 

The purpose of intercultural management is to assess the impact of culture on the 

perceptions, interpretations and actions of brand management. In the field of management, the 

cultural system gives individuals cognitive abilities and a specific approach to solving 

problems. Therefore, collaborators from other countries are likely to find different solutions 

when faced with the same problems. One of the interesting assumptions of intercultural 

management concerns the study of the interaction of managers from different cultural 

systems. The problem arises in the process of coordinating managers over teams that come 

from different cultures. Due to the formation of strategic partnerships, companies from 

different cultural areas are forced to cooperate, and the occurrence of intercultural conflict is 

common. 

Intercultural management plays an important role in international business activities, where 

we place business partners from several countries in a teamwork situation. Nevertheless, 

today a team approach is expected in the implementation of business activities regardless of 

the cultural background of the manager, where because of misinterpretation, verbal and non-

verbal communication can lead to conflicts and misunderstandings. This underestimation of 

cultural factors is present on the world business scene because the merger of companies also 

means the merger of their intellectual capital. 

The manager's recommendation is to implement a human resources policy aimed at 

building a common business spirit. English is mostly adopted as the official language and the 

corporate culture is based on the spirit of teamwork. It is advisable to separate many people 

who should work on the harmonization and integration of human resources. Recruiting a new 

workforce contributes to building a new corporate culture. Managers working in strategic 

partnerships of different cultural climates consider cultural diversity as a special advantage. It 

is a unique position that cultural diversity is a source of creativity and original ideas in brand 

management. 

 

INTELLECTUAL CAPITAL AND ADAPTATION TO CLIMATE CHANGE  

Diffusion of knowledge and technology should enable strong cultural and regional 

cooperation that will meet the needs not only of the most developed, but also of other 

European countries, and diversity is considered the main catalyst of scientific, technological 

and innovative development [3]. New forms of human resource education and training are 

considered strategic goals in the process of developing “learning organizations”. Intellectual 

capital is a condition for the survival and growth and development of a company. The 

company's competitive position depends on it. It affects business decision-making and 

adaptation to climate change. Companies that own intellectual capital are superior in every 

way. 

Human resources are the carriers of human capital, and they include information and 

knowledge that everyone has and that allows him to be more productive in performing his 
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activities. Seen from the company's point of view, human capital represents the cumulant of 

knowledge, skills, inventions, energy and enthusiasm that people are willing to invest in the 

business. The importance of intellectual capital is growing for companies operating in 

different cultural areas. Contemporary research shows that there are different values between 

different cultures, which every international corporation should be aware of. 

The development of information technology faces numerous challenges, such as cultural 

diversity and intercultural brand management. Cultural diversity is inseparable in global 

development as team members have different national, organizational and professional 

cultures. Diversity itself can have a beneficial effect on promoting creativity, but it can also be 

a barrier to communication and knowledge exchange. The basic vision of managers around 

the world is to attract, develop and retain talent. The development of companies in the global 

economy implies investment in human resources. Contemporary trends in human resource 

management are projected through demographic changes, an aging workforce and increased 

global mobility. The problem that companies face in the process of human resource 

management is how to retain them. It is necessary to provide awards, create an atmosphere of 

togetherness and teamwork and create conditions for their further development and 

improvement, and a good reputation can attract human resources. 

The Boston Consulting Group and the European Association for Personnel Management 

conducted a survey of 1,350 managers from 27 European Union countries. The research 

showed that all European companies will face the problem of labor shortage, especially 

talented labor. Managers of large companies also note that demographic changes are a 

problem. To fully utilize the sources of talented workforce and ensure the development of 

companies, a global approach is necessary, to ensure recruitment from all over the world [3]. 

Corporations need to prepare their employees to cope with the complex and accelerated 

pace of the global economy. Simply investing in training programs alone will not 

automatically improve productivity. Instead, managers must clearly define, and measure 

return on investment. To attract and retain highly talented individuals from around the world 

who will be required to be able to enter new markets, manage corporate and cultural change, 

companies will also need to offer flexible arrangements for work and socioeconomic aspects 

of adaptation to climate change. 

Employees working in these companies should be interculturally competent. Being 

interculturally competent means that a person from one culture can interact effectively with 

people from different cultures. For intercultural contact to be constructive, it is necessary: (1) 

intercultural way of thinking (cognitive characteristics) – recognition of cultural differences 

and maintaining a positive attitude towards them; (2) intercultural skills (behavioral 

characteristics); and (3) intercultural sensitivity (affective characteristics), i.e. the ability to 

experience cultural differences in a sophisticated way [4]. 

The business of many companies is based on service. The purchase of services is based on 

intangible experiences and subsequent perceptions of customers. Customers evaluate the 

service in accordance with the behavior and treatment of employees towards them. 

Globalization has changed the demands and expectations of service users, which companies 

must be aware of, employees should possess specific qualities: interpersonal skills, 

multilingualism, real interest in their needs and enjoyment in meeting them, creative problem-
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solving skills, action-oriented abilities, as well as motivation for attracting new users and 

retaining existing ones. All those who are aware of their culture and its values, traditions and 

norms can become aware and understand the culture and values of others. Awareness leads to 

deeper knowledge, skills, attitudes and emotions and should be expressed in company 

managers so that they can successfully balance cultural differences. 

 

ANALYSIS OF COMPETITIVENESS ON THE EXAMPLE OF A TOURIST 

PRODUCT-BRAND AND ADAPTATION TO CLIMATE CHANGE  

The best example for moving forward is tourist services. Created in the era of “old” mass 

tourism and confirmed in the era of “new” tourism, the tourist destination represents much 

more than a specific territory. The variety of products, services, natural resources, 

anthropogenic elements and information, which attract tourists, shape spaces where tourist 

needs and demands of different market segments are met. An attractive, attractive and, in 

terms of activities, recognizable destination – brand, on the tourist market represents the goal 

of organized tourist trips and the basic resource of the “leisure industry”. The original 

elements of a tourist destination include geographical location and climate, with adaptation to 

climate change. 

Climate is not only important for agriculture, as some think, but also for other activities, 

such as tourism. If you are planning where to go on vacation, it would be wise to compare the 

average weather during the period you are going, as well as the weather in recent years, to 

reduce the chance of bad and unsuitable weather spoiling your vacation. Climate change has 

been one of the most important world topics in the last few years. From huge fires to 

increasingly powerful storms and floods, which destroy everything in front of them, as well as 

hot summers and mild winters without snow, the climate on our planet is changing. Climate 

change is a long-term change in the climatic conditions on our planet Earth. 

In the last 140 years, our planet has warmed by about 1°C, which causes numerous 

changes in the climate. This is a topic about which it is important to be informed, that is why 

in this work we clarified the place and role of climate change in tourism, to better understand 

climate change and its impact on popular tourist destinations – brands, as well as how society 

can cope with this challenge. 

In addition to numerous changes in the way tourism entities do business, the modern 

development of tourism has also brought new forms of management of the tourist destination 

– the brand. As a tourist destination represents a complex whole, an integral approach to 

management at all its levels is necessary. Management of tourism, i.e. a tourist destination at 

the level of a town, region or country through brand management implies the coordination of 

all factors and the systematicity of activities, all with the aim of defining an appropriate 

management strategy and tourism policy that will contribute to the achievement of set goals. 

The choice of way of management of the destination is adapted to the nature of the 

destination, the level of development and numerous other elements, of which the 

attractiveness of the destination and the quality of the tourist offer are particularly important, 

but also natural ones, including climate changes. By forming modern organizational forms of 

destination brand management, such as management organizations and management 
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companies, the development of tourism in the destination can be improved and the quality of 

tourist products can be improved. 

In tourism, competitiveness analysis refers to the comparison of tourist values or 

parameters and indicators of tourist development of a certain destination. As part of this 

analysis, values related to the number and attractiveness of natural and cultural motifs, tourist 

traffic, capacities, traffic infrastructure, dispersive and contractive tourist zone and many 

other values should be taken. Since tourism is a service sector, quantitative indicators are 

more precise, but it is certainly advisable to pay more attention to qualitative ones, namely 

those related to guest satisfaction, which are subject to a high level of subjectivity. 

All tourist destinations in their essence possess certain constitutive elements that motivate 

tourists to satisfy their tourist needs in each destination. There are different opinions regarding 

the key elements that make a tourist destination a brand, and enable the development of 

tourist traffic, forming an integral product of the destination. Most authors agree that it is a 

combination of different material and immaterial, i.e. natural and social elements. Even 

Krippendorf [7] distinguishes between original and derived elements of the offer of tourist 

destinations, where he classifies as original elements: geographic location, climate, language, 

culture, hospitality, folklore, traffic situation, communal facilities, etc., while he observes 

derived elements through tourist capacity, infrastructural facilities for the needs of tourism 

development, organizational activities, information, entertainment and sports-recreational 

facilities. 

This resource base and motives need to be designed into a tourism product of the 

destination through special forms of tourism as individual, but at the same time as a unique 

integrated product of the destination. A diversification strategy would develop new products – 

brands and new markets. Actors in tourism will have to focus their activity primarily on more 

and more educated and sophisticated tourists by creating new tourist products – brands, where 

special attention should be paid to individual existing and new integrated tourist products. 

Development trends show an increasing need for specialized adaptations of tourist services 

for certain demand segments. Differentiation strategy, creating a clear identity. By forming a 

brand, every new tourism product should contain many characteristics of the local indigenous 

environment. Identity, brand, image and visibility are the keys to competitive advantage. The 

marketing of a tourist destination must be based on the most creative and unique approaches, 

combining the use of traditional and new approaches to the market, certainly considering new 

tools of communication and promotion with the support of modern technologies. 

Development of tourism development strategy, clear identity, differentiation of tourist 

products, destination image, brand building, way of organizing tourism management in the 

destination, coordination and harmonization of interests of stakeholders involved in tourism 

and compatible activities, implementation and creation of marketing studies, market research, 

improvement of service quality, training of professional staff and animating potential 

investors to invest in infrastructure projects (primarily in the form of hotel facilities more 

affordable for middle-income clientele, as well as other attractions in the form of swimming 

pools, sports fields, etc.). These are just some of the guidelines for the future of the 

destination to achieve a sustainable competitive advantage. 
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Being able to link specific cases to climate change is very important. Scientists can already 

say with great certainty how the global climate will change in the future and what weather 

extremes await us, and as we have noticed in recent years, their forecasts are unfortunately 

coming true. Although this is the case, many people still believe that climate change is not 

happening and attribute extreme events to natural variability. When we are able to see 

together with the weather forecast in real time and the assessment of the impact of climate 

change on that specific event, it will be much easier to convince decision makers and the 

public of the necessity of quick and decisive action in order to stop climate change. 

 

CONCLUSION 

The strategy of cooperation and brand management should, to the greatest extent possible, 

be harmonized with the strategy of developing economic relations with foreign countries and 

the strategy of technological development, and of course with adaptation to climate change. 

One should keep in mind the new tendencies in the international business environment that 

have an impact on the company's operations: globalization, regionalization, economic 

integration, multiculturalism, etc. As a result of globalization, many companies are created 

and connected around the world. Strategic partnerships are a very flexible and attractive form 

for realizing the company's development goals. The development behavior of the company 

relies more and more on a larger number of partners and special forms of cooperation, to 

preserve the vitality of the company, that is, to increase its resistance to shocks from the 

market and climate change. 

The company's development behavior, internal configuration and brand management are 

correlated with relativized independence, self-sufficiency and external growth limits. 

Therefore, strategic partnerships appear more and more as a rational form of development 

behavior of a modern company in its effort to adapt to changed market, technological and 

social trends. By starting strategic partnerships, companies gain the opportunity to expand 

their business to many markets, because globalization sees the whole world as one market. By 

starting partnerships, companies more easily articulate environmental challenges, such as 

climate change. 

The business and technological environment in which companies operate will become 

more and more complex, changes are fast and unpredictable. Management processes in the 

intercultural area differ from country to country. Understanding cultural differences is the first 

and important step towards creative leadership in a global environment. Differences in style 

do not have to be obstacles but should complement each other. There are different values 

between cultures that every international corporation must be aware of. The different needs 

and expectations of employees in different countries require brand managers in particular to 

implement a policy that is flexible enough to respond to local specificities and to meet 

personal expectations at a higher level. 
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Abstract 

Food waste is a global problem associated with environmental, economic and social impacts. Since 

the food waste amount to one third of generated municipal solid waste, it represents one of the most 

unutilized waste streams. Therefore, it is crucial to reduce food waste generation and implement 

strategies to minimize its impacts on the environment, mostly reflected through greenhouse emissions, 

water and land use. However, diverse and highly variable nature and composition of food waste is 

significantly affecting its valorisation and pose main challenge of the food waste management. In 

order to meet sustainability goals, food waste should be managed in an environmentally and 

economically viable manner. 

Keywords: food waste utilization, valorisation, biogas production, sustainability. 

 

INTRODUCTION 

In recent years increasing concern has arisen regarding food waste as one of the global 

problems which have a huge economic, social and environmental impact. 

‘Food waste’ is generally referred as food losses (i) within the food supply chain, including 

inedible parts (such as bones, rinds, pits, eggshells etc.) and (ii) after its expiration date [1]. 

Food waste occurs at all stages of the food supply chain, from the production step to the 

consumption. However, the largest share of food waste is generated during consumption (i.e. 

household waste). Only in the European Union (EU) during 2021 household food waste 

represented 54% of total share, followed by the food processing and manufacturing (21%), 

while wholesale and retail (7%), restaurants and food services (9%), and primary production 

(9%) account for the rest of the generated waste [2]. In the EU, nearly 30 million tonnes of 

inedible parts of food from the production are left per year [3]. 

Food waste accounts for a substantial portion of municipal solid waste, representing up to 

33% of all waste generated [4]. Around 931 million tonnes of food waste were generated 

during 2019 globally, 61% of which originated from households, 26% from food service and 

13% from retail [5]. However, the degree of food loss and waste fluctuates significantly 

throughout the regions [6]. In the EU, more than 58 million tonnes of fresh mass of food 

waste was generated during 2021 (131 kg per inhabitant) [2], which represented an estimated 

loss of 132 billion euros [7]. At the same time, over 37 million people in the EU cannot afford 

a quality meal every second day [7], in addition to an almost 770 million of people in the 

world that were undernourished during 2021 [8]. Therefore, food waste has very important 
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social aspect. Donation of fresh food cannot be commercialised due to logistic or marketing 

reasons, however it could be facilitated by “food banks” [9].  

Other than economical lost, food waste has a huge environmental impact. Food waste is 

highly biodegradable compared to other types of waste due to high content of degradable 

nutrients such as proteins, carbohydrates, and lipids which are degraded to methane (CH4). 

Methane is gas more detrimental for the environment than carbon dioxide (CO2). According 

to the data, about 16% of the total greenhouse gas (GHG) emissions from the EU food system 

accounts for 254 million tonnes of CO2eq, representing the fifth largest emitter of GHG [7]. 

Diverting food waste from landfills and converting it into a useful resource, such as biofuels 

and other by-products, it could reduce its negative impact on the environment and diminish 

climate change effects [4,10]. Regarding food industries, the beverage industry is major 

contributor accounting for 26% of all food wastes, followed by the dairy industry (21%), the 

fruit and vegetable production (14.8%), and the cereal industry (12.8%) [3]. It should be noted 

that, wasting food puts unnecessary burden on already limited natural resources – land and 

water use [2,11]. Also labour, effort and investment during producing food are wasted, as well 

as the resources used in the transport [12]. Moreover, in the last 20 years, primary crop 

production, vegetable oil and meat production has globally risen for around 52%, 125% and 

45%, respectively, and it is estimated that will rise in the future [8].  

This paper aims to emphasize the global problem of food waste generation and discuss 

some value addition processes for sustainable utilization of food waste. 

 

FOOD WASTE 

In order to prevent conventional landfilling, several strategies can be employed to diminish 

the adverse environmental impacts of food waste generation, including source reduction, 

composting, anaerobic digestion, biogas and energy production. In Figure 1, the proposed 

food waste hierarchy is given, which consists of descending waste management practices, 

from more to less preferable and sustainable.  

 

 
Figure 1 Food waste hierarchy (adopted from Rakesh and Mahendran [13]) 

 

In the value addition processes (i.e. “upcycling”), wide range of products can be gained by 

utilizing food waste such as biogases (hydrogen and methane), biodiesel, biopolymers, 
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bioplastics, enzymes, biochar, organic acids, biofertilizers, etc. [4,10,11,13]. Numerous 

sectors of the food industry generate by-products that can be re-used as animal feed such as 

sunflower seed expeller, wheat germ from flour milling, sugar beet molasses from sugar 

production, starch hydrolysates cake from starch production, as well as various by-products 

from the bakery and pasta industry [14]. 

Efficient food waste management requires careful consideration of energy consumption, 

environmental and economic factors. Lifecycle analysis (LCA) as a method for measuring the 

environmental effects of products throughout its stages from the beginning to its end 

(including production, consumption, and final disposal), and can be used in order to evaluate 

the impacts of the food waste technologies in order to minimize its effects and enhance 

sustainability [1]. Batool et al. [1] used the LCA for evaluating today’s most used 

technologies in food waste management to assess its environmental impacts. The results of 

the LCA showed that among landfilling, composting, anaerobic digestion, incineration, 

pyrolysis, hydrothermal carbonization, gasification and esterification, landfilling and 

composting had the highest overall LCA impact value (Figure 2), while anaerobic digestion, 

gasification and esterification had the lowest. Compared to pyrolysis, incineration and 

hydrothermal carbonization had higher impact and overall medium LCA impact. 

 

 

 

Figure 2 Life cycle analysis (LCA) environmental impacts comparison of most used technologies in 

food waste management [1] 

(GWP – global warming potential, CC – climate change, AP – acidification potential, EP – eutrophication 

potential, MEP – marine eutrophication, HT – human toxicity, Tecox – terrestrial ecotoxicity, FEW – freshwater 

ecotoxicity, ME – marine ecotoxicity, FD – fossil depletion, POCP – photochemical ozone creation potential, 

NE – nutrient enrichment, OLDP – ozone layer depletion potential, ADP – abiotic depletion potential,            

OD – ozone depletion, LO – land occupation, GHE – greenhouse emissions, WD – water depletion,                

GTP – global temperature potential, ET – ecotoxicity, ADF – abiotic depletion fossil fuel) 
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Preferred method in the waste management is related to the level of the development of 

certain country [15]. Similarly, food waste generation in households per capita is found to be 

high in the developed countries (Table 1). 

 

Table 1 Average food waste (kg/capita/year) depending on the income of the country [5] 

Income group 
Average food waste (kg/capita/year) 

Household Food service Retail 

High-income 79 26 13 

Upper middle-income 76 / / 

Lower middle-income 91 / / 

“/” Insufficient data. 

 

It is obvious that a focus area for food waste prevention programmes must be household 

waste. For example, a 4-person household could save on average about 400 €/year if food 

waste is reduced in line with various proposals [2]. The Food and Agriculture Organization 

(FAO) of the United Nations is strongly dedicated to raise public awareness of this global 

problem by publishing guides explaining how to reduce environmental footprint from 

household food waste in simple and effective way [12,16]. The “motivation-opportunity-

ability” framework has recently been promoted as a theoretical tool for reduction of 

household food waste by using tools such as stickers, leaflets, measuring cups, recipe cards 

etc. [17]. By analysing several household food management behaviours, van Herpen et al. 

[18] has provided initial evidence that self-reported survey measurements can be used to 

assess the effects of household food waste interventions and to effectively decrease the 

amount of food waste.  

Comprehensive understanding of the factors contributing to food waste in various facilities 

such as healthcare, is crucial to develop effective strategies to minimize waste generation in 

complex surroundings [19]. Arriz-Jorquiera et al. [19] proposed mathematical framework for 

reducing food waste by approximately 22.5% in a 1000-bed hospital in Florida (USA) which 

could lead to weekly reduction of more than 113 kg of food waste.  

Prevention of food waste generation under legislative framework 

The European Commission (EC) has established an action plan to reduce food waste as 

integral part of the Circular Economy [14]. Generally, the legislative proposals on waste in 

the Circular Economy include long-term targets to reduce landfilling of waste while 

increasing reuse and recycling of key waste streams, such as municipal and packaging waste 

[9]. The EU's Horizon research programme (2021–2027), will target actions in six clusters 

under ‘Global challenges and European industrial competitiveness’, in which one cluster 

represent food, bioeconomy, natural resources, agriculture and environment [20]. The EU and 

its Member States are also committed to achieving the global Sustainable Development Goal 

(SDG) of the United Nations, to reduce food waste per capita at the retail and consumer level 

by 2030, and to reduce food losses along the food production and supply chains within SDG 

Target 12.3. The focus is on two indexes: the Food Loss Index (measures losses for key 

commodities in a country across the supply chain, up to and not including retail), and the 

Food Waste Index (measures food and inedible parts wasted at the retail and consumer levels 

in food retail, households and food service sector) [5]. The EC also supports awareness rising 



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

 

610 

 

at national, regional and local levels and the dissemination of good practices in food waste 

prevention which are urgently needed in order to reach sustainability targets [9].   

Value addition processes for biogas production 

Food waste as a stream of municipal solid waste is particularly hard to quantify because 

absence of harmonised and reliable method, which makes more difficult to assess its scale, 

origins, and trends of this kind of waste over time [9]. 

Prior to the production of valuable products, pretreatments of waste food are needed due to 

variable composition influenced by factors such as seasonal effect, cooking methods, 

consumption patterns and geographical variations. The percentage of biodegradable 

substances in food waste vary in the terms of carbohydrate (6–54%), protein (2.4–28%) and 

lipid (1.5–30%) contents. Kitchen waste, fruit and vegetable waste were found to contain the 

highest content of water, amounting to 60–90% [11]. According to Kannah et al. [10], food 

waste contains 39–65wt.% of carbon and 5.8–7.5wt.% of hydrogen, and regarding component 

analysis, it contains 35.1–67wt.% of carbohydrates. In addition, the food waste from 

beverage, dairy, fruit/vegetable, and cereal industries are rich in protein, fat, carbohydrates, 

which provides good possibility for production of fermentative products [3].  

The pretreatment of food waste includes physical, chemical and biological methods, which 

can be used to enhance the hydrolysis rate of food digestion. The physical pretreatment 

methods, such as freezing, sonication, microwave and hydrothermal/thermal treatments, can 

disrupt the matrix structure of food waste resulting in enhancement of liquefaction of bio-

substances, similar to chemical methods including ozonation, acid and alkaline reactions, 

which are used for disintegration. During biological methods, proteins, macromolecular 

starches, lipids, long chain fatty acids and free amino acids are converted by hydrolytic 

enzymes (protease, amylase, and lipase) into glucose and free ammoniacal nitrogen. This 

disintegration is favourable for biomethane production, and it does not cause secondary 

pollution of the environment [11]. 

Hydrogen is considered as one of the most promising clean and renewable fuels. Currently, 

prevalent processes for hydrogen production are unsustainable due to their dependence on 

fossil fuels or non-renewable energy sources [21]. Food waste can be converted to hydrogen 

through gasification of biomass via partial oxidation under high temperatures with suitable 

catalyst. However, the economic feasibility of this promising method needs further 

investigation [22]. The cost of hydrogen production from food waste is in the wide range, 

from 2.05 $/kg up to 13.55 $/kg [21]. Hossain et al. [21] showed that hydrogen fuel generated 

from food waste in Bangladesh during the course of 2023 was 0.46 million tons. The benefits 

from hydrogen production from food waste are numerous, apart from solving the problem of 

landfill sites, hydrogen used for energy production could have positive impact on the 

environment by reducing CO2 emitted from fossil fuels, thus diminishing global warming 

potential, since a significantly smaller mass of hydrogen can displace much larger mass of 

fossil fuels, thus emphasizing it economic justification. The quantity of 0.46 million tons of 

hydrogen can substitute 1.9 million tons of coal, or 1.3 million tons of diesel or 1.19 million 

tons of natural gas. The quantity of saved diesel fuel could cut CO2 emissions by 3.85 million 

tons [21,22].  
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Valorisation of food waste to biomethane is promising solution, which align with the 

growing global focus on sustainability, renewable energy, and waste reduction. Biomethane 

recovery from the organic biomass is the most successful by the anaerobic digestion. Process 

based on microorganisms or bacteria digestion can be operated at temperatures within 

mesophilic (at 37 °C) and thermophilic (at 55 °C) conditions. The recovered biogas comprises 

of 50–75% of biomethane and 25–50% of carbon dioxide [10], as well as hydrogen sulfide, 

ammonia gas, siloxanes, water vapour, and other volatile organic compounds. Therefore, 

biomethane need to be purified to a level above 95% [11]. According to data from the study 

by Ahire et al. [4], the highest quality biomethane was observed for fruit pulp, whereas the 

lowest quality was observed for vegetable waste. As previously said, anaerobic digestion is 

one of the technologies with the lowest LCA impact value [1].  

 

CONCLUSION 

The main challenge of food waste management is highly variable and diverse nature and 

composition of food waste, which could be solved by central separation or by separation at 

the source. The improvements of the determination of feedstock composition are needed for 

efficient food valorisation. In the future, innovations in pretreatment methods would result in 

higher efficiency of the various bio-products from the food waste (e.g. food waste could be 

sustainable source of hydrogen-based energy). Probably the most cost-effective design 

regarding household food waste, as the dominant portion of the municipal waste, is to 

prioritize food waste reduction at the source. Multidisciplinary approach to this complex 

problem is surely needed, as well as greater engagement of all structures in resolving 

inappropriate disposal of food waste and cutting food losses. 

 

ACKNOWLEDGEMENT 

The authors are grateful to the Ministry of Science, Technological Development and Innovation of 

the Republic of Serbia for financial support, within the funding of the scientific research at the 

University of Belgrade, Technical Faculty in Bor (No. 451-03-65/2024-03/200131). 

 

REFERENCES 

[1] Batool F., Kurniawan T.A., Mohyuddin A., et al., Trends Food Sci. Technol. 143 (2024) 

104287. 

[2] Eurostat, Food waste and food waste prevention – Estimates, Available on the following 

link:https://ec.europa.eu/eurostat/statistics-

explained/index.php?title=Food_waste_and_food_waste_prevention_-

_estimates#Amounts_of_food_waste_at_EU_level. 

[3] Sarangi P.K., Singh A.K., Sonkar S., et al., Ind. Crops Prod. 205 (2023) 117488. 

[4] Ahire P.D., Upadhyay A., Talwar P., et al., Biomass Bioenergy 182 (2024) 107107. 

[5] United Nations Environment Programme (UNEP) 2021, Food Waste Index Report 2021. 

Nairobi, ISBN: 978-92-807-3868-1. 

[6] Rifna E.J., Dwivedi M., Seth D., et al., Sus. Chem. Pharm. 38 (2024) 101515. 



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

 

612 

 

[7] European Commission, EU Food Loss and Waste Prevention Hub, Available on the 

following link: https://ec.europa.eu/food/safety/food_waste/eu-food-loss-waste-prevention-

hub/about. 

[8] Food and Agriculture Organization (FAO), World Food and Agriculture – Statistical 

Yearbook 2022. Rome, ISBN: 978-92-5-136930-2. 

[9] European Commission, EC 2015, Closing the loop – An EU action plan for the Circular 

Economy, Brussels, 2.12.2015. 

[10] Kannah R.Y., Merrylin J., Devi T.P., et al., Bior. Technol. Rep. 11 (2020) 100524. 

[11] Sethupathy A., Arun C., Vigneswaran V.S., et al., Fuel 366 (2024) 131388. 

[12] Food and Agriculture Organization (FAO), Five quick tips for reducing food waste and 

becoming a Food hero, Available on the following link: www.fao.org/newsroom/story/15-

quick-tips-for-reducing-food-waste-and-becoming-a-Food-hero/en. 

[13] Rakesh B., Mahendran R., Trends Food Sci. Technol. 143 (2024) 104274. 

[14] Official Journal of the European Union, Commission Notice, Guidelines for the feed use 

of food no longer intended for human consumption, 2018/C 133/02, 16.4.2018. 

[15] Khan A.H., Lopez-Maldonado E.A., Khan N.A., et al., Chemosphere 291 (2022) 133088. 

[16] Food and Agriculture Organization (FAO) of the United Nations, Say NO to FOOD 

WASTE! – A guide to reduce household food waste, Cairo, 2020,                                     

ISBN: 978-92-5-131917-8. 

[17] Soma T., Li B., Maclaren V., Res. Conser. Rec. 168 (2021) 105313. 

[18] van Herpen E., Wijnen T., Quested T., et al., J. Clean. Prod. 429 (2023) 139604. 

[19] Arriz-Jorquiera M., Acuna J.A., M. Rodríguez-Carbó, et al., Waste Manag. 175 (2024) 

12–21. 

[20] European Commission (EC) 2021, Horizon Europe, The EU Research & Innovation 

Programme 2021–2027, Investing to shape our future, Available on the following link:  

https://research-and-innovation.ec.europa.eu/system/files/2022-06/ec_rtd_he-investing-to-

shape-our-future_0.pdf. 

[21] Hossain M.S., Wasima F., Shawon M.S.I.K., et al., Energy Rep. 11 (2024) 3367–3382. 

[22] Elgazar Y.G., Khalifeh H.A., Alkhedher M., et al., Int. J. Hydrogen Energy, Article in 

press (https://doi.org/10.1016/j.ijhydene.2024.03.070). 

 



 

613 

 

 

DECENTRALIZATION OF THE URBAN TOURIST ZONE OF ZLATIBOR 

 

Maja Bogdanović
1*

, Irena Blagajac
1
 

1
University of Belgrade, Faculty of Geography, Studentski trg 3/3, 11000 Belgrade, SERBIA 

*
bogdanovic.maja97@gmail.com 

 

Abstract  

Tourism cannot be imagined without preserved natural and cultural values, and it is important to 

raise awareness about the responsible business of the carriers of the tourist offer and the 

conscientious behavior of tourists. They should be directed towards insufficiently valorized potentials 

and thereby enable more even tourism development. The urban area of Zlatibor and the surrounding 

tourist values are an example of the necessary decentralization in order to prevent environmental 

degradation. The goal of scientific paper is twofold. The authors aim to point out the aggressive 

urbanization of Zlatibor, which greatly affects the once-preserved natural values and which directly 

conflicts with the application of the principles of sustainable development. Also, the goal is to present 

opportunities for the responsible development of tourism and complementary activities, which will 

undoubtedly encourage the conscientious construction of residential buildings and other facilities, 

important for the quality of life of the resident population. Establishing sustainability in mountains is 

of multiple importance, which can be observed at the local, regional, national and even global level. 

The analysis of planning documentation, available literature and satellite images determined the 

criteria on the basis of which the main analysis in the paper, SWOT analysis, was applied. Using 

Geographical Information Systems, the program QGIS 3.16. the analyzed data are shown 

cartographically. 

Keywords: decentralization, Zlatibor, sustainable tourism, urban area. 

 

INTRODUCTION 

Environmental degradation, caused as a result of anthropogenic activities, is one of the 

more serious problems of today [1,2]. The authors Hoffmann et al. [3], in addition to climate 

change, population growth and intensive exploitation of natural resources, identify 

urbanization, with all its effects on the environment, as a leading problem of society, and the 

consequences of urbanization are deforestation, loss of habitat and biodiversity, pollution 

water, air and soil [4]. 

Mountain ecosystems represent an important source of water, energy and biological 

diversity, and are key to maintaining the global ecosystem [5]. Deforestation, intensive 

agriculture, pollution and accelerated infrastructure construction have caused more than 50% 

of mountain areas worldwide to be under strong pressure from human activities, especially at 

lower altitudes and mountain bases [6–8]. Zlatibor is the oldest mountain tourist destination in 

Serbia. It developed as a sports and recreation center on gentle slopes, at an altitude between 

950 and 1,000 m. According to the data of the Statistical Office of the Republic of Serbia, 

Zlatibor has been the most visited mountain destination in Serbia for a long time, both in 

terms of arrivals and overnight stays of domestic tourists, as well as in terms of arrivals and 
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overnight stays of foreign tourists [9]. The growing interest of domestic and foreign tourists 

has encouraged the construction of accommodation facilities and additional facilities, 

complementary to tourism. The development of infrastructure was particularly favored by the 

accelerated issuance of building permits, which was shortened from more than a year to at 

least a month. Such conditions in Zlatibor led to urban disorder, caused by the expansion of 

tall buildings in a short time [10]. The urban center of the Zlatibor mountain is located in the 

municipality of Čajetina. Also, on the territory of the municipality of Čajetina, there are 

natural and cultural-historical values which are recognized as a potential for the 

decentralization of the urban tourist zone of Zlatibor. Nature Park “Zlatibor” includes the 

municipalities of Nova Varoš, Užice and Čajetina. 

 

MATERIALS AND METHODS 

The method of analysis and synthesis, the method of comparison, the statistical method 

and the method of classification were used. The main analysis used in the paper is SWOT, 

which was conceived by a research team consisting of A. Humphrey, M. Dosher, O. Benepe, 

B. Lien in the period 1960–1970. The SWOT analysis matrix is composed of weaknesses and 

strengths related to the internal environment of the observed territory, and opportunities and 

threats as external factors. The advantage of SWOT analysis is setting a clear development 

strategy and defining concrete goals. It should be kept in mind that, if the data is not analyzed 

in a proper way, it is possible to identify the current situation poorly and set goals 

inadequately [11]. The SWOT analysis was done with the aim of assessing the strengths, 

weaknesses, opportunities and threats for the decentralization of the touristic urban zone of 

Zlatibor. The analysis of the planning documentation, available literature and satellite images 

determined the criteria on the basis of which the SWOT analysis was performed. 

The program used to process cartographic data is QGIS 3.16. SRTM (Shuttle Radar 

Topography Mission) DEM (Digital Elevation Model) was used to create the terrain slope and 

hypsometry Figure, which was recorded in 2000, and the resolution of the image was reduced 

to 100 m [12]. The land use Figure was made based on Corine Land Cover 2018 [13]. 

Geospatial data were digitized using Google Satellite. 

 

RESULTS AND DISCUSSION 

Physical-geographic characteristics 

The following mountain peaks stand out: Tornik (1,496 m asl), Čigota (1,422 m asl), 

Borkovac (1,260 m asl). By dividing Crni Rzav, lakes Kraljeve Voda and Ribničko Lake were 

formed. The climate is moderate-continental, mountain climate [14]. The areas (km
2
) and 

share in the total area (%) of all hypsometric zones and terrain slope zones are shown in Table 

1. Figure 1 shows the hypsometry of the terrain, the zone 800–1,100 m above sea level is the 

most represented (417.58 km
2
, 64.74% of the total area). The slope of the terrain is shown on 

Figure 2, the most common slopes are from 8° to 16° (268.22 km
2
, 41.58% of the total area).  
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Table 1 Area (km
2
) and share in the total area (%) of classes of hypsometry and terrain slope [12] 

Hypsometry Slope 

m asl class km
2
 % Slope (°) class km

2
 % 

<500 1 0,63 0,10% <8 1 241,8 37,49% 

500–800 2 144,3 22,37% 8–16 2 268,22 41,58% 

800–1100 3 417,58 64,74% 16-24 3 103,3 16,02% 

1100–1300 4 75,53 11,71% 24–32 4 28,76 4,46% 

>1300 5 6,97 1,08% >32 5 2,93 0,45% 

 

    
Figure 1 Hypsometry [12]           Figure 2 Slope of the terrain [12] 

 

Analysis of natural and cultural-historical values recognized as the potential of urban 

zone decentralization 

Zlatibor Mountain has an exceptional natural potential, which, together with anthropogenic 

values, forms a good basis for the development of various forms of tourism [10]. However, 

according to the Spatial Plan of the Republic of Serbia, this area is assessed as an area of 

endangered environment with minor impacts on biodiversity, people and quality of life [15]. 

That is why it is important to look at the natural and cultural values which favour the 

decentralization of the urban zone and the development of sustainable forms of tourism. 

Figure 3 shows the natural and cultural-historical values which are recognized as potential 

for the decentralization of the urban zone. The ski center “Tornik”, named after the highest 

peak of Zlatibor, stands out. There are five trails with a total length of 10 km, and the capacity 

of the ski resort is 5,400 skiers per hour. Especially attractive is the Gold gondola which goes 

over the mountain scenery and the Ribnica lake. The ski center is also open to visitors during 

the summer months, and offers: a panoramic cable car ride, bobsled, tubing track, adventure 

park, mini golf course, zip line and multifunctional sports fields [16]. 

The observed area is also characterized by geoheritage, which is reflected in the terrain 

made of limestone with dolomites, with the presence of ultrabasic rocks (periodite) and 

serpentine. The speleological object Nature Monument “Stopića cave” stands out [17]. 

Stopića cave is located on the left bank of the river Prištevica, on the eastern slopes of 

Zlatibor. Big green tubs are attractive, which are also the emblem of the cave and the main 

reason for the arrangement of the cave system [18]. 

Near Zlatibor is the village of Gostilje, known for its waterfall, which represents one of the 

most attractive hydrological values of this region. Harmoniously arranged rocks covered with 

moss and water breaking through them attract the attention of domestic and foreign tourists. 
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The area around the waterfall is completed with marked footpaths, benches and a children's 

playground [19]. Of the natural values, the Prerast in Dobroselica, Jokino spring, Sušičko 

spring, viewpoints of Gradina and Obadovo brdo, as well as Skakavac waterfall are also 

significant. The municipality of Čajetina partly includes the area of the “Zlatibor” Nature 

Park. It was declared as a natural asset of exceptional importance due to the geomorphological 

and hydrological phenomena of distinctly dissected terrain, striking valleys of canyon and 

gorge type, preserved ecosystems, as well as exceptionally preserved monumental and ethnic 

heritage [20]. 

 

 
Figure 3 Natural and cultural-historical values [13] 

 

Among the cultural values, the village of Sirogojno, which houses the National 

Architecture Museum “Old village”, is a unique example of a traditional Serbian village in the 

mountainous areas of the Dinaric region. The museum complex also includes the Church of 

the Holy Apostoles Peter and Paul and together they form a category I protected cultural 

property of exceptional importance [14]. In the village of Sirogojno there is also the Museum 

of Knitters, which preserves the memory of the handicrafts of Zlatibor knitters. At the place 

where the municipalities of Čajetina and Priboj meet, there is the Uvac monastery, which, 

thanks to the research of the National Museum from Užice, was renovated and placed under 

the protection of the state [16]. On one of the meanders of the Uvac river, on a hill which 

surrounds the impressive canyon of the river on three sides, the Dubrava monastery is located. 

Tourist attractions such as the “El Paso City” theme park, Dino Park, Dimitrije Tucović's 

birthplace, etc. contribute to the development of tourism in this region. 

SWOT analysis 

Directing tourists and developing the tourist offer towards natural and cultural values 

which are outside the strict urban center of Zlatibor is key to preserving the environment of 

this area. The excessive pressure of tourists towards the center of Zlatibor encourages 

uncontrolled construction, which leads to inevitable devastation, not only of the mentioned 

urban zone, but also threatens the ecological sustainability of protected areas. In order to 

accurately present the possibilities for the decentralization of the tourist offer, but also to 

define the perspectives of future, sustainable development, a SWOT analysis was used. 
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In order to talk about the possibilities for further development, it is necessary to refer to the 

identified weaknesses and risks. If the competent institutions and bodies do not look at these 

problems, the key values of this area may lose their importance and thereby endanger the 

development of tourism and future economic development. In the Report [21], it is stated that 

tourist facilities and households are the main source of pollution, and that the cause is a 

partially constructed sewage system. Due to the planned increase in tourist capacities, greater 

pressure on the quality of water and soil is expected. The more intensive development of the 

tourist offer, among other things, affects the increase in the amount of waste that is disposed 

of in illegal landfills, the occupation of free land in order to build tourist facilities and the 

increase of waste water. It is also emphasized that natural and cultural assets may be exposed 

to greater risk due to construction pressure. 

 

Table 2 SWOT analysis of tourism development in the territory of the municipality of Čajetina 

STRENGTHS WEAKNESSES 

 favorable traffic-geographical position 

 favorable tourist-geographic position 

 favorable climatic conditions 

 medicinal and recreational importance 

 recognition on the tourist market 

 attractive natural values 

 rich cultural and historical heritage 

 diverse tourist offer 

 Tornik ski resort 

 preservation of ethnic heritage 

 recognizable gastronomic specialties 

 inadequate protection of natural values in the 

zone of more intensive tourist use 

 inadequate presentation of cultural and 

historical heritage 

 excessive unplanned construction 

 monocentric tourist offer 

 large concentration of tourists in the urban area 

 noise emission 

 inadequate regulation of waste water 

 abandonment of villages and rural activities 

 environmental pollution 

OPPORTUNITIES THREATS 

 creation of attractive tourist arrangements 

aimed at areas outside the urban area 

 ecotourism 

 creative tourism 

 rural tourism 

 cycle tourism 

 adventure tourism 

 sustainable tourism 

 gastronomic tourism 

 educational tourism 

 raising environmental awareness 

 cooperation of the local community and 

local authorities 

 greater commitment of local self-

government and competent institutions 

 marketing activities aimed at sustainable 

tourism 

 permanently degraded surfaces 

 deforestation 

 environmental devastation 

 natural disasters 

 soil erosion 

 disruption of the natural balance, especially in 

the area of the “Zlatibor” Nature Park 

 climate changes 

 threatened biodiversity and habitats 

 competitiveness of destinations in the area in the 

field of winter tourism 

 the disappearance of the winter season 

 departure of young people from rural areas of 

Zlatibor 

 construction pressure 

 economic crisis and inflation 

 market instability 

Source: SWOT analysis was created based on available data from relevant documents [21,14,22] 

 

Jeftić et al. [9] warn that climate change directly affects mountain tourism in the winter 

season. Zlatibor cannot redirect the winter tourism offer to higher altitudes because all 

facilities are already located at the highest altitudes. They propose to improve the offer in the 

off-season, as well as in the summer period of the year. The authors particularly point to the 

importance of ecotourism, which significantly contributes to sustainable development at the 
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local level, nurtures natural values, educates tourists about the importance of environmental 

protection and is a source of income for the local population [23]. The potential for the 

development of cycle tourism contributes to the preservation of the environment and the relief 

of the urban zone of Zlatibor. In the Spatial Plan [22] trails suitable for mountain biking are 

highlighted: “Ozone trails of Zlatibor” for excursions (health trails on Čigota, “Avantura 

Mokra Gora”, “Zlatibor Bogaze” and “Sirogojno”), as well as excursion sites and bathing 

areas such as Jokino spring, which is located on the way to Mokra Gora. These forms of 

tourism can attract domestic and foreign tourists who are looking for active rest and 

recreation. Raising the environmental awareness of the local community and tourists, greater 

efforts by competent institutions and adequate promotion of sustainable forms of tourism can 

greatly contribute to reducing the pressure on the urban area of Zlatibor, adequate valorization 

of tourist values in the immediate vicinity, higher tourist traffic and more even occupancy of 

accommodation capacities. 

Mountains are attractive tourist destinations, so the competent authorities adapt them to the 

needs of modern tourist demand, investors and the local community. On the one hand, the 

development of tourism in the mountains can have a positive impact on the implementation of 

sustainability principles, economic benefits for the local population and the valorization of the 

natural beauty of the mountain area [24], however, large-scale construction projects, noise and 

a large number of tourists threaten natural habitats and the quality of life of the resident 

population [25]. Natural values should be used for the development of tourism, but with an 

emphasis on environmental protection. This would encourage the construction of new 

accommodation capacities, the modernization and reconstruction of roads, while it is 

necessary to respect the principles of ecological capacity of the territory [26]. 

 

CONCLUSION 

In order to prevent the devastation of natural and cultural values, and at the same time 

preserve the authenticity of the destination, it is necessary to use the available potential 

evenly. Also, investments should be directed towards values that are not sufficiently utilized 

so that the tourist offer outside the urban zone of Zlatibor attracts the attention of domestic 

and foreign visitors. At the same time, educational workshops should be organized so that the 

local population and tourists are aware of the consequences of inadequate use of space and 

resources. 

If the trend of increasing anthropogenic influence in the urban part of Zlatibor continues, it 

will threaten the natural values of the “Zlatibor” nature park. The anthropogenic pressure 

exerted on the physical-geographical characteristics of the observed territory exceeds the 

ecological capacities. Biodiversity, habitats, forest landscapes, geological and pedological 

base, terrain hydrology and geomorphological values are threatened. Therefore, it is necessary 

for the local government to point out the problem of increasing intensity of anthropogenic 

influence in the urban center of Zlatibor and to propose a measure of environmental 

protection by decentralizing the center to the peripheral zone. A stay in the strict center of 

Zlatibor gives the impression of a classic city, where noise, crowds, high prices and air 

pollution are inevitable. Control of protective measures due to illegal construction should be 

increased and the time for issuing building permits should be increased. Stricter punitive 
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measures are necessary for unscrupulous behavior of tourists who endanger natural and 

cultural-historical values. 
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Abstract 

Cyanobacteria, characterized by unique physiological and biochemical mechanisms to withstand 

harsh conditions in different habitats, can thrive in a variety of environments, including extreme ones 

such as illuminated parts of caves. The information on diversity, biology and ecology of aerophytic 

Cyanobacteria, especially those from cave habitats, is very limited, which is especially true for the 

coccoid forms. Phototrophic biofilm was collected from the entrance zone of Stopić Cave to isolate 

coccoid Cyanobacteria. The biofilm was inoculated in situ into test tubes containing solid BG11 

growth medium, after which the test tubes were kept in a growth chamber under controlled conditions. 

From the initial culture, which contained multiple cyanobacterial species, subsamples were extracted 

and transferred to Petri dishes. These were kept under optimal conditions until a pure cultures were 

obtained. The representative of the coccoid Cyanobacteria, Chroococcus, was isolated and its 

characteristics best matched the original description of Chroococcus turgidus.  

Keywords: phototrophic biofilms, cave habitats, algal cultures, Cyanobacteria, Chroococcus. 

 

INTRODUCTION 

Cyanobacteria are known to thrive in a variety of environments, including extreme ones. 

Their ability to colonize extreme environments reflects their versatility and adaptability, and it 

is known that they have usually evolved unique physiological and biochemical mechanisms to 

withstand the harsh conditions in different habitats. Many of them inhabit caves, which often 

harbour unique and interesting organisms that have adapted to the particular conditions in 

these subterranean spaces. In caves, Cyanobacteria are found in a variety of locations, often 

associated with specific microhabitats where light, water and nutrients are available. Light in 

caves is available through entrances, cave holes or cracks in the cave ceiling, but also through 

the installed artificial light in show caves. The diversity and abundance of Cyanobacteria in 

caves can depend on various factors, e.g. light, the presence of water, the availability of 

nutrients, microclimatic conditions, the morphology of the cave, etc. However, cave 

Cyanobacteria are often adapted to low light conditions and may have unique characteristics 

compared to their surface-dwelling relatives [1,2]. 
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Although aerophytic Cyanobacteria are found in a wide range of environments, detailed 

information on their diversity, biology, and ecology remains limited [3]. Many cyanobacterial 

species, especially in aerophytic habitats, are still considered unknown and the morphology of 

coccoid Cyanobacteria is particularly poorly characterized [4]. In recent years, considerable 

efforts have been made to improve the knowledge on coccoid Cyanobacteria by adopting a 

polyphasic approach based on morphology, ecology, physiology, systematics, and molecular 

biology [5]. Although morphological analyses are becoming less common, they remain 

crucial for studying Cyanobacteria and can be the key to linking all findings when studying 

certain taxa [6]. Additionally, correct identification often requires the isolation of 

Cyanobacteria and their cultivation on defined growth media prior to any other analysis [3]. 

The aim of the study was to isolate and cultivate coccoid Cyanobacteria from a biofilm at 

the cave entrance in order to characterize it based on morphological and ecological criteria. 

 

MATERIALS AND METHODS 

Locality and sampling procedure 

The aerophytic biofilm sample from which the Cyanobacterium was isolated was collected 

in the entrance zone of the Stopić Cave (43°42ʹ12.0ʺN 19°51ʹ12.4ʺE), a famous show cave in 

western Serbia. The biofilm was sampled in two ways: the algal material was scraped directly 

with a sterile scalpel into the test tubes with solid growth medium [3,7] and was collected in 

sterile polyethylene bags and transported to the laboratory [8,9], where it was optically 

observed using a Zeiss Axio Imager M1 light microscope connected to camera and 

photographs we got were analysed by Axio Vision 4.8 software. The predominant 

phototrophs of the biofilm were identified using the standard identification keys. 

Medium preparation for algal cultivation 

The BG11 medium was prepared according to the recipe given in Rippka et al. [10]. The 

further steps were carried out as described in Nikolić et al. [7]. The medium was poured into 

test tubes and Erlenmeyer flasks in which agar was added at a concentration of 1.3 % to 1.5 % 

to solidify the BG-11 medium and autoclaved at 121°C for 15 minutes after sealing the 

glassware. After autoclaving, the agar slants were allowed to cool completely in an inclined 

position, while the slightly cooled medium in the Erlenmeyer flasks was poured into sterile 

plastic Petri dishes and then allowed to solidify completely. The agar slants with solid BG11 

medium were used to collect the biofilm as described above, while the Petri dishes with solid 

BG11 medium were used to cultivate and subcultivate the phototrophs of interest. 

Cultivation process and observing the taxa developed in culture 

The test tubes in which the biofilm was sampled were kept in a growth chamber at a 

temperature between 19°C and 22°C and a 12-hour light: 12-hour dark cycle. After the 

Cyanobacteria had developed on agar slants, small parts of the developed colonies were 

transferred to Petri dishes where they could continue to grow. The Petri dishes were regularly 

sub-cultured until a uni-culture was obtained and everything was optically examined using a 

light microscope. 
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RESULTS AND DISCUSSION 

The cave walls in the entrance zone of the Stopić Cave are covered with diverse 

phototrophic biofilms, varying from weak to well developed, non-gelatinous or gelatinous, 

green to different colours. The sampled biofilm was well developed, dark coloured and 

gelatinous, indicating the dominance of Cyanobacteria, more specifically coccoid forms [11]. 

Microscopical analyses showed the presence of Cyanobacteria, Chlorophyta and 

Bacillariophyta, with Cyanobacteria dominating. More precisely, coccoid cyanobacterial 

forms dominated, and the following taxa were prevalent in the biofilm: Aphanocapsa 

muscicola, Chroococcus ercegovicii, Chroococcus tenax, Chroococcus turgidus, Gloeocapsa 

alpina, Gloecapsa compacta, Gloeocapsa nigrescens. Simple trichal forms were characterized 

by the presence of Leptolyngbya representatives, with Leptolyngbya foveolarum being the 

most conspicuous, while Nostoc punctiforme and Scytonema mirabile represented 

heterocytous forms. The dominance of coccoid forms in the biofilms of the cave entrance 

zone has been noted in many studies of cave environments in Serbia and abroad [8,12,13]. 

After inoculation of the biofilm into the growth medium in situ, the agar slants were placed 

in the algal growth chamber, where the growth of algal colonies of different algal and 

cyanobacterial taxa on the solidified BG11 medium was observed after three weeks. They 

were all transferred to separate Petri dishes to form different cyanobacterial cultures. After 

several subculturing steps at three-week intervals, pure uni-cyanobacterial cultures were 

obtained, and some coccoid cyanobacterial forms were isolated. One colony transferred to 

Petri dishes led to the establishment of a culture of a coccoid Cyanobacterium of the genus 

Chroococcus. 

Chroococcus Nägeli is one of the most common genera of coccoid Cyanobacteria [6]. 

According to Komárek and Anagnostidis [14], the genus Chroococcus is characterized by the 

following features: the cells are rarely solitary (only initial stages) and often aggregate into 

colonies with a small number of cells (2-16-32), rarely forming compound and multicellular 

agglomerations; within multicellular colonies, the cells sometimes form packet-like groups of 

2–8 cells; the cells or groups of cells are surrounded by mucilaginous sheaths, which may 

vary in thickness, lamellation (simple – single-layered or strongly lamellated), colour and 

whether they are delliminated or not, depending on the species; narrow individual sheaths 

following the cell outline surround the cells; the cells are initially subspherical, widely oval or 

spherical, later hemispherical or in the form of a segment of sphere; cell content is highly 

variable depending on the species and may be differently coloured, homogeneous or granular 

[14]. Chroococcus is found in terrestrial environments, where it inhabits the soil and various 

substrates exposed to the air (aerophytic), and in aquatic environments (freshwater 

ecosystems, marine and thermal waters), as well as in many extreme habitats [6,14]. 

The isolated taxon was characterized by 2-4-8 (-16-32) celled colonies, while solitary cells 

were rarely seen. The mucilaginous envelope is lamellate (in many cases a slight lamellation 

is visible), colourless and usually copies the outline of single cell or groups of cells. Cells are 

spherical, oval, later hemispherical or in the form of a segment of a sphere, blue-green, olive-

green, yellowish to brownish, 13.5–28.5 µm in diameter without sheaths. The cell contents are 

finely granular (Figure 1). This isolated Cyanobacterium has characteristics that are most 

consistent with the original description of Chroococcus turgidus. 
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Figure 1 a)–e): The isolated coccoid Cyanobacteria (genus Chroococcus) from cave entrance zone 

aerophytic phototrophic biofilm in Stopić Cave  

 

According to many studies, Chroococcus turgidus inhabits diverse environments and 

shows significant morphological variations [6,14], suggesting a generalist habitat and a wide 

distribution [6]. As can be seen in Figure 1, variable cell sizes, cell arrangements and colours 

are observed. This is to be expected and is also confirmed by phylogenetic studies, according 

to which some morphological features of Chroococcus species, such as the presence and 

morphology of mucilage and the size of cells, are generally environment dependent [15]. 

Nevertheless, we should not exclude the phenomenon of possible slight differences between 

the phenotype in laboratory culture and the phenotype in its natural habitat [16,17]. 

 

CONCLUSION 

The representative of coccoid Cyanobacteria was isolated from an aerophytic phototrophic 

biofilm that had developed in the entrance zone of the Stopić Cave. In terms of its 

characteristics, it was the most consistent with the original description of Chroococcus 

turgidus. Coccoid cyanobacterial species are generally poorly studied, especially from 

aerophytic habitats and caves, so this study should serve as a basis for many similar future 

researches. The study of extremophilic Cyanobacteria not only improves our understanding of 

the diversity of life, but also provides insights into the mechanisms of adaptation to extreme 

conditions that can be utilised in various scientific and industrial fields. 
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Abstract  

The European bullhead, Cottus gobio Linnaeus, 1758, is widespread across European freshwaters, 

but strictly protected in Serbia due to habitat degradation. The complex geomorphology of the Balkan 

Peninsula and its role as an ancient refugium are reflected in many species distributions, including 

European bullhead. This species is known for its complex phylogenetic background with several 

lineages. Populations from different drainages should vary in external morphology due to 

geographical isolation. The aim of this study was to determine whether there is a considerable 

difference in morphological traits among the analysed populations belonging to two drainage systems: 

the Adriatic and the Black Sea drainage. Two populations from the Gradac and Nožica Rivers were 

tested for differences in 18 morphometric and 6 meristic traits. The test for independent samples and 

the Mann-Whitney U test showed the populations to be different in 12 out of 18 morphometric traits, 3 

out of 6 meristic traits, and two traits were shown to have distinguishing weight according to 

discriminant analysis: prepelvic and postorbital length. These findings could be useful in the fieldwork 

assessment. 

Keywords: linear morphometry, Balkans, Adriatic drainage, Black Sea drainage, protected 

species. 

 

INTRODUCTION 

The rivers in Serbia belong to three major basins: the Adriatic, the Aegean, and the Black 

Sea basin, with the majority of rivers draining to the Black Sea via the Danube. The Danube 

used to represent one of the most important dispersal corridors during Pleistocene glacial 

cycles (and earlier) for many fish species, including Cottus gobio, Linnaeus 1758 [1,2]. This 

event shaped the distribution of numerous organisms. The European bullhead is the most 

widespread European member of the genus Cottus, and the possible explanation for its’ 

successful expansion (and the expansion of numerous other species) throughout Europe can 

be attributed to ancient orogenic movements during the Cenozoic era, which, together with 

glaciation cycles, shaped the land of Europe [3]. These changes in the geomorphology of 

Europe comprised the emergence of mountain massifs, the splitting of the big water masses, 



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

 

 

627 
 

the drying up of the landlocked water bodies, etc., which were reflected in the distribution of 

myriad species. In addition to that, more recent secondary contact between the Danube’s 

tributaries during the Pleistocene was an important factor in “fine-tuning” the current wide 

distribution of plenty of species [3], including European bullhead.  

The European bullhead is a small, cold-adapted benthic fish inhabiting clear and fast-

flowing freshwaters of Europe, and it mainly feeds on macroinvertebrates, such as larvae of 

Chironomidae, Simuliidae, and Hydropsychidae, plant parts, and detritus to a lesser extent 

[4]. According to the IUCN Red List of Threatened Species [5], European bullhead is 

assessed as the Least Concern (LC) category, however, many European populations are 

locally endangered [6]. This is due to ever-increasing anthropogenic river pollution, 

industrialization, and habitat degradation. According to the Habitats Directive [7], this species 

is listed in Annex II, requiring a designation for special areas of conservation. European 

bullhead populations in Serbia are found in small, so-called “salmonid” rivers and streams 

coexisting with populations of fish, such as Salmo trutta Linnaeus, 1758, and Thymallus 

thymallus Linnaeus, 1758. These species are under protection by the Serbian Ministry of 

Environmental Protection, with European bullhead being strictly protected in Serbia [8].  

The European bullhead has its fair share of taxonomic complications. In the literature, its 

taxonomic status is still debated, whether it is a distinct species or if it is a species complex 

[6]. Its phylogenetic background is complex and characterised by the existence of several 

allopatric lineages throughout its vast range, which are hard to discern using only 

morphological data. Given that, many authors use molecular data as a significant tool in 

distinguishing different phylogenetic lineages of this species [9,10]. However, it’s to be 

expected for populations belonging to different drainages to show a degree of differing 

morphology due to geographical isolation.  

The aim of this study was to determine whether there are noticeable differences in the 

morphological traits in analysed populations belonging to two drainage systems (and most 

likely different phylogenetic lineages), which of the morphological traits account for the 

greatest differences, and to conclude if they can be used as a way of distinguishing 

populations belonging to different drainages.  

 

MATERIALS AND METHODS 

European bullhead specimens were sampled by electrofishing from two sites: 14 

specimens from the Gradac River situated in a gorge belonging to the Black Sea basin in 

October of 2023 and 12 specimens from the Nožica River located at the karst plateau 

belonging to the Adriatic Sea basin in July of 2012. Juvenile specimens were excluded from 

the analysis. The specimens were preserved in 96% ethanol until further examination. Based 

on the morphometric distances provided by Rowsey and Egge [11], 18 morphometric 

measures were used and modified for the purpose of this study (Figure 1). All specimens were 

measured manually using an electronic digital calliper with an accuracy of 0.1 mm. 

Morphometric traits were measured three times, and a mean value was used for further 

analyses. Also, 6 meristic traits, i.e., the number of first dorsal fin rays, the number of second 

dorsal fin rays, the number of anal fin rays, the number of pectoral fin rays, the number of 

pelvic fin rays, and the number of caudal fin rays, were counted. The test for independent 



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

 

 

628 
 

samples and discriminant analysis were performed for morphometric traits, while the Mann-

Whitney U-test was conducted for the non-normally distributed meristic traits. The analyses 

were performed for meristic data and for proportionally scaled morphometric data expressed 

as a percentage of standard body length. A size correction was implemented to ensure that 

morphological variability between populations was not present due to differences in body size 

[12]. Statistical analyses were performed in the software Statistica, Statsoft Inc. (2013), 

Version 12, with a statistical significance value of p<0.05. 

 

a) b) 

  
Figure 1 Graphical representation of measured morphometric distances a) (sideways view):            

HL – head length from the tip of the snout to the posteriormost point of the operculum, SNL – snout 

length (from the tip of the snout to the anteriormost point of the orbit, POL – postorbital length from 

the posteriormost point of the orbit to the posteriormost point of the operculum, OD – orbit diameter, 

IOW – interorbital width, PDL1 – 1
st
 predorsal length from the tip of the snout to the origin of the 1st 

dorsal fin base, PDL2 – 2
nd

 predorsal length from the tip of the snout to the origin of the 2
nd

 dorsal fin 

base,  PPL – prepectoral length from the tip of the snout to the origins of the pectoral fins,             

PPVL – prepelvic length from the tip of the snout to the origin of the pelvic fins base, PAL – preanal 

length from the tip of the snout to the origin of the anal fin base, L1D – length of the 1
st
 dorsal fin 

base, L2D – length of the 2
nd

 dorsal fin base, LA – length of the anal fin base, LC – length of the 

caudal fin, MPD – minimal caudal peduncle depth, SL – standard length from the tip of the snout to 

the origin of the caudal fin; b) (ventral view): MW – mouth width, HW – maximum head width,       

BWP – body width between the origins of pectoral fins 

 

RESULTS AND DISCUSSION 

The mean value expressed as the percentage and standard deviation of all morphometric 

traits’ are shown in Table 1. Based on the results of the test for independent samples on 

morphometric data, 12 out of 18 morphometric traits were found to be statistically different 

between the two populations. The results of discriminant analysis showed two traits to be 

important in discriminating tested populations: prepelvic and postorbital length.  

The range values of counted meristic traits are shown in Table 2. The nonparametric 

Mann-Whitney U-test used for meristic traits showed statistical differences between two 

populations in 3 out of 6 traits: the number of first dorsal fin rays, the number of second 

dorsal fin rays, and the number of anal fin rays. The number of pectoral fin rays wasn’t shown 

to be statistically significant, whereas the number of pelvic fin and caudal fin rays showed no 
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differences between the two populations – the number of rays in the mentioned fins was quite 

uniform.  

 

Table 1 Mean values and standard deviation of measured morphometric traits  

Morphometric 

traits (Abbr.) 

Gradac Nožica Morphometric 

traits (Abbr.) 

Gradac Nožica 

Mean±SD (%) Mean±SD (%) Mean±SD (%) Mean±SD (%) 

HL 30.78±0.97 28.31±0.82 L2D 39.24±1.36 39.07±2.44 

SNL 9.07±0.61 8.14±0.94 LA 28.64±1.17 29.07±1.80 

OD 6.64±0.40 5.37±0.64 LC 20.24±1.30 20.75±2.64 

IOW 4.74±0.68 3.96±0.70 MPD 8.05±0.47 8.38±0.50 

POL 15.80±0.83 14.57±0.73 PPL 24.99±1.05 23.77±1.20 

HW 31.54±1.63 26.85±2.32 PDL1 35.63±1.14 32.88±1.80 

MW 20.11±1.64 18.06±2.34 PDL2 52.53±1.00 49.65±3.07 

BWP 16.94±1.25 17.65±1.43 PPVL 28.77±0.93 26.79±1.24 

L1D 18.31±0.98 15.21±2.34 PAL 55.27±1.25 54.58±1.71 

 

Table 2 Range values of counted meristic traits 

Meristic traits Gradac Nožica 

No. of 1
st
 dorsal fin rays 6–8 6–7 

No. of 2
nd

 dorsal fin rays 16–19 15–17 

No. of anal fin rays 12–13 10–14 

No. of pectoral fin rays 14–15 13–15 

No. of pelvic fin rays 4 4 

No. of caudal fin rays 14 14 

 

The late Pleistocene cycles of ice sheet advancements and regressions are known to be 

crucial in shaping the natural distribution of myriad organisms [13]. During the southward 

advancement of ice sheets from northern parts of Europe, many organisms retreated to the 

three major southern refugia, corresponding to the three European Peninsulas – the Balkans, 

the Iberian, and the Apennine Peninsula. Those refugia are known as biodiversity and 

endemism hotspots, because of the insurmountable barriers, such as mountain massifs. That’s 

a very suitable terrain for prolonged isolation of populations and, consequently, for allopatric 

speciation. When the global temperatures rose and the ice sheets regressed up north, the 

surviving organisms recolonized the rest of Europe from those regions. However, besides 

three major southern refugia, there could be a number of previously unknown, cryptic sites. 

Scarce populations outside of refugia sites were known to exist in Central Europe [14], 

changing dramatically what we believed to be established colonisation routes. 

The European bullhead is a cold-adapted fish that could resist harsh conditions in the 

course of the glaciation period [13]. Large scale geological changes that affected the Balkans 

pre- and during the Pleistocene, moulded its’ relief and, consequently, led to the lineage 

divergence of various fish species, as displayed on the brown trout [3], with whom the 

European bullhead shares a similar habitat. All of the above points out a complex 

phylogeography and a deep allopatric division in the distribution of this species. As expected, 

tested populations were subjected to a long period of independent evolution caused by the 

existence of natural barriers and showed an overall presence of morphological differences in 

many tested traits. However, according to discriminant analysis, only two of those traits have 
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a distinguishing weight. Since the study was done on a small sample size, a low number of 

discriminating traits is to be expected. In addition to that, those two traits overlap 

longitudinally, meaning only a small part of the body has actual discriminating weight. The 

main disadvantage of using fine morphometric traits is that they might be impractical in the 

fieldwork, because they require more time and precision for measurement. Countable, 

meristic traits could be more convenient in the fieldwork, since the specimens could be 

distinguished by the number of 1
st
, 2

nd
 dorsal

 
and anal fin rays. On the other hand, the number 

of fin rays in European bullhead shows a degree of variability, which is an inherent 

characteristic of this species [9,15].   

 

CONCLUSION 

Since tested specimens belong to different drainage systems, it is reasonable to expect that 

they belong to different phylogenetic lineages, as well. The conducted statistical analyses of 

morphometric and meristic traits showed that the populations from the Adriatic and Black Sea 

drainages differed in external morphology. 

This initial indicator of allopatric differentiation should be further validated by molecular 

data, both mitochondrial and nuclear. Should these morphological differences, also, be 

detected at the molecular level, they could be used in the field for identification and could be 

a good way to avoid specimen sacrifice, which, in most cases, is necessary for further 

assessment.  

Morphological and molecular data should be integrated to create a more comprehensive 

study on larger samples and more populations from different drainage systems across Europe. 

If the molecular data detects certain genetic distinctiveness of Serbian populations compared 

to the rest of the Balkans and wider (e.g., novel haplotypes), additional efforts should be made 

to avoid further endangerment of this strictly protected species and its habitat in Serbia. 
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Abstract  

The Danube as the second longest river in Europe passes through many densely populated cities with 

high developed industry, traffic and agriculture, why it suffer a huge anthropogenic pressure. Serbian 

part of the Danube River belongs to its middle course that is under great influence of the Iron Gate. 

This study is aimed to assess the ecological potential of the Danube through Serbia using 

macroinvertebrate communities. The research was carried out on 16 localities on the Danube River 

and its main tributaries in year 2023. Samples were collected in May and September. To assess the 

ecological potential, following indices were calculated: Total number of taxa, Saprobic Index (SI), 

Biological Monitoring Working Party (BMWP), Average Score Per Taxon (ASPT), Diversity Index 

(H'), participation of Oligochaeta (Tubificidae) in total community and the number of Gastropoda and 

Bivalvia (Mollusca) taxa. Total of 102 taxa, from 18 groups, were identified. Diptera, Crustacea, 

Gastropoda and Oligochaeta were the dominant taxa with the high abundance. Study of 

macroinvertebrate community during high water regime (May) showed presence of 55 taxa, while 80 

taxa were recorded during low water regime (September). Based on available data and employed 

indices, ecological potential of the Danube in investigated stretch could be assessed as “moderate” to 

“very poor” (III-V class). The researched stretch of the Danube River is primarily under the influence 

of hydromorphological degradation and organic pollution. 

Keywords: Danube, macroinvertebrate communities, ecological potential. 

 

INTRODUCTION 

The Danube is the second longest river in Europe that flows through 10 countries from 

Germany to the Back Sea. Along its course it passes through many densely populated cities 

with high developed industry, traffic and agriculture, why it suffer a huge anthropogenic 

pressure that reflects on the morphology, hydrology, chemistry, as well as flora and fauna of 

the Danube’s aquatic habitats [1–3]. Serbian part of the Danube River belongs to its middle 

course that is under great influence of the Iron Gate. 

For the ecological assessment of waterbodies, the Water Framework Directive (WFD) 

requires five obligatory biological quality elements (BQE), among which are 

macroinvertebrates. The long life cycles and limited mobility makes them suitable for 

monitoring since these feature unable theme to escape anthropogenic pressure. Thus, the 

structure of their communities is strongly influenced by numerous anthropogenic impacts [4]. 
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Also, macroinvertebrates have a significant influence on nutrient cycles, primary productivity, 

decomposition, and translocation of materials [5]. 

This study aimed to assess the ecological potential of the Danube River through Serbia 

based on macroinvertebrate communities. 

 

MATERIAL AND METHODS 

The research was carried out on 16 localities on the Danube River and its main tributaries 

(Sava, Tisa, Velika Morava and Pek) through Serbia in year 2023 (Figure 1). Samples were 

collected twice: in the period of high water level in May, and during low water level in 

September. Macroinvertebrate samples were collected with bentological hand nets (mesh size 

500 µm) applying the multihabitat sampling method [6]. Ethanol (70%) was used in the field 

to preserve samples that were later transported to the laboratory of the Institute for Biological 

Research “Siniša Stanković”, National Institute of the Republic of Serbia (IBISS), for the 

further analysis.  

Identification of the organisms to the lowest taxonomic level was done at IBISS using a 

stereomicroscope (ZEISS, Stemi 508) and a microscope (ZEISS, AXIO Lab.A1), and 

adequate identification keys. 

 

 
Figure 1 Map of localitieies  

 

In order to analyse the quantitative and qualitative community composition, following 

biological indices were calculated: total number of taxa, Diversity Index (H') [7], Saprobic 

Index (SI) [8], Biological Monitoring Working Party score (BMWP), proportion of the 

Tubificinae family in the macroinvertebrate community (% Tubificinae), and the number of 

Gastropoda and Bivalvia (Mollusca) taxa present in the community. To calculate the 

biological indices, the ASTERIX software package (AQEM, 2002) was used. The indicator 

list for the identified taxa that was used was according to Moog [9]. Based on the threshold 

values established by national legislation, the obtained index values were used to assess the 

ecological potential [10]. The overall potential is determined by the index, which had the 

worst grade. 



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

 

634 

 

SHE analysis were performed in order to follow the changes in diversity (species richness, 

the Shannon-Wiener diversity index and species evenness) with increasing sampling effort.  

 

RESULTS AND DISCUSSION 

Total of 102 taxa, from 18 groups, were identified. Study of macroinvertebrate community 

during high water regime (May) showed presence of 55 taxa, while 80 taxa were recorded 

during low water regime (September). The smallest number of taxa (3) was recorded at the 

locality Sari Banovci in September, while the locality at the Pek River was one with the 

highest taxa richness (Figure 2).  

 

a) 

 
b) 

 
Figure 2 Number of collected taxa in a) May; b) September at each locality 

 

During high water regime Diptera was the most dominant taxa with the highest abundance 

(average 53.83%) in macroinvertebrate community, while Crustacea (23.58%) and 

Oligochaeta (17.48%) were subdominant. The exceptions were Ram, Donji Milanovac, Tekija 

and Kladovo with domination of Crustacean species. During low water regime the Crustacea 

(33.72%), Oligochaeta (25.79%), Diptera (19.22%) and Gastropoda (12.44%) were the 

dominant taxa with the high abundance in macroinvertebrate community.  
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In the Danube through Serbia the crustacean species Limnomysis benedeni Czerniavsky, 

1882 and Dikerogammarus villosus (Sowinsky, 1894) were to be most abundant, followed by 

oligochaete species Limnodrilus hoffmeisteri Claparede, 1862. Other ubiquitous taxa were the 

chironomid Chironomus spp. and Cricotopus gr. sylvestris.  

Diversity of the macroinvertebrate communities were shown trough SHE analysis to define 

the role of each diversity components: species richness S, the Shannon-Wiener diversity 

index H’ and species evenness E. Both models (for May and September) showed a different 

response in equitability and species richness with increased sampling effort. The increase of S 

and H, and a decline of E were observed in both models suggesting present of log series 

distributions in relation to increase number of species (Figure 3). 

 

a) b) 

 
Figure 3 The SHE analysis (diversity analysis S – Species richness, H – Shannon-Weiner diversity 

index, E – Evenness component of Shannon-Weiner diversity index) of the macroinvertebrates 

communities observed in the investigated sites in a) May; b) September 

 

The ecological potential of the Danube was assessed using biological indices. The number 

of taxa was high at Ram and Veliko Gradište both seasons and achieved a good ecological 

potential (class II). Localities downstream Novi Sad, Stari Banovci and Radujevac were 

characterised by low number of taxa in both seasons, where the ecological potential was poor 

and very poor (class IV and V). 

Saprobic index (SI) most of the localities were classified as class II. The highest values of 

the saprobic index were determined for the Tisa near Titel in May (3.31 – V class), an in 

September at Sava confluence (3.24 – V class), Ritopek (3.02 – IV class) and the Kusjak   

(2.94 – IV class).  

According to the BMWP index, all samples collected in May had the quality class IV and 

V, except Veliko Gradište that achieved good ecological potential (class II). In September 

ecological status according to BMWP score at most localities improved reaching III and IV 

calss.  

The lowest diversity index value (0.29) was determined for the Tisa near Titel in May, 

which was classified as class V. All other localities were classified as class II, III and IV. 
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The percentage of tubificids was low in all samples collected during high water regime 

achieving good ecological potential (class II). During low water regime at the Sava 

confluence, Ritopek and Smederevo the percentage of tubificids was higher reaching poor 

ecological potential (class IV) and Velika Morava and Kusjak reaching moderate potential 

(class III). At all other sites was good reaching II class. 

According to the number of Gastropoda and Bivalvia (Mollusca) all localities in both 

seasons, had not achieved good ecological potential. The exception was samples of Bivalvia 

from Tisa near Titel in September, and Gastropda from Ram and Kusjak, also in September, 

which had achieved good ecological potential. 

Biological indices based on aquatic macroinvertebrates (Table 1) indicate that the 

ecological potential of the entire studied sector of the Danube and its main tributaries was 

poor to very poor (class IV and V) in May. In September ecological potential was good (class 

II) at Veliko Gradište and Pek confluence, while at Tisa near Titel and Ram it was moderate 

(class III).  

 

Table 1 Biological potential based on aquatic macroinvertebrates  

Locality 

number 
River Locality 

Ecological 

potecial MAY 

Ecological 

potecial 

SEPTEMBER 

1 Danube Ledinci IV V 

2 Danube downstream Novi Sad V IV 

3 Tisa Titel, confluence V III 

4 Danube Stari Banovci V V 

5 Sava Confluence V V 

6 Danube Ritopek IV IV 

7 Danube  Smederevo V IV 

8 Velika Morava Confluence IV IV 

9 Danube Ram IV III 

10 Danube Veliko Gradište IV II 

11 Pek Confluence V II 

12 Danube Donji Milanovac IV V 

13 Danube Tekija IV IV 

14 Danube Kladovo V IV 

15 Danube Kusjak V IV 

16 Danube Radujevac V IV 

 

CONCLUSION 

This study shows that macroinvertebrate community in Danube and its main tributaries 

were taxa reach with 102 taxa identified. The most dominant taxa were Diptera, while 

crustacean species Limnomysis benedeni and Dikerogammarus villosus were to be most 

abundant.  

Based on available data and employed indices, ecological potential of the Danube in 

investigated stretch could be assessed as “poor” to “very poor” (IV–V class). The researched 

stretch of the Danube River is under the impact of the Djerdap I and Djerdap II (Iron Gate) 

dams and large reservoirs constructed in the area. It is primarily under the influence of 

hydromorphological degradation and organic pollution. 
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Abstract 

Phototrophs are a diverse group of microorganisms that include many representatives with unique 

properties. They can be used for various purposes and offer a wide range of applications, making their 

use in the field of biotechnology increasingly important. One of the most commonly cultivated algae is 

Chlorella. There are numerous experiments dedicated to the cultivation of Chlorella, studying 

different and altered conditions under which this algae develops, all with the aim of obtaining the best 

possible product and achieving the highest possible production. In this experiment, Chlorella vulgaris 

was cultivated in two small open systems with built-in light and two types of aeration, where the main 

parameters affecting algae growth were monitored regularly until the biomass was harvested.  

Keywords: Chlorella vulgaris, cultivation system, biomass. 

 

INTRODUCTION 

Phototrophic microorganisms are very diverse and include many representatives with their 

own unique characteristics and properties, ranging from unicellular representatives to more 

complex ones and from prokaryotic cyanobacteria to eukaryotic algae [1]. They occur in a 

variety of different environments, from aquatic to terrestrial and even in extreme ones. 

Phototrophs are very valuable and can be used for various purposes; they are extensively 

studied in biotechnology and offer a wide range of potential applications. They contain many 

bioactive compounds, including proteins, lipids, carbohydrates, carotenoids and vitamins, 

which can be used for commercial applications [1,2,3]. However, not many phototrophs have 

been studied in this way, especially those from extreme habitats, and the methods that utilize 

them are still not fully understood. 

Chlorella vulgaris is a microscopic green algae characterized by a defined spherical shape 

with a size of 2 to 10 µm and a cell wall of varying thickness, occurring in nature as a single 

or microorganism that can form colonies/clusters. It is characterized by high resistance and 

adaptability, good growth rates under different conditions and metabolic diversity 

(autotrophic, mixotrophic and heterotrophic) [4,5]. Interest in this algae is growing in the field 

of biotechnology, as some of the primary and secondary metabolites synthesized are proteins, 

lipids and carbohydrates, as well as some pigments, vitamins and minerals [4]. C. vulgaris has 
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a high protein content (~56.8%), which means that it has a high nutritional value and contains 

about ~5.9% carbohydrates and ~16.9% lipids (calculated as % of dry matter) [4,5,6]. 

Cultivation of algae can be carried out under laboratory conditions and in systems that can 

be divided into open, closed (depending on whether material exchange between the culture 

and the environment is possible or not) and hybrid [3]. Open systems are a widely used 

cultivation method worldwide and are cost-efficient, but are influenced by external factors 

and are susceptible to contamination. Closed systems are more expensive, but algae growth 

can be better controlled under certain conditions. Hybrid systems are a mixture of the two 

cultivation systems mentioned above and overcome the limitations of open systems and the 

high initial operating costs of closed systems [3]. 

The aim of the study was to cultivate a commercial Chlorella vulgaris strain in two small 

open systems to obtain algal biomass. 

 

MATERIALS AND METHODS 

Algal strain and growth in laboratory conditions 

The algae strain selected for cultivation was a commercially purchased Chlorella vulgaris, 

which was kept in BG11 medium. The medium was prepared according to the recipe given in 

Rippka et al. [7], poured into 250 ml Erlenmeyer flasks and autoclaved at 121°C for 15 

minutes. After autoclaving and cooling the medium, Chlorella vulgaris was inoculated and 

then subcultured regularly to maintain a pure culture and gain more biomass before the open 

culture systems were inoculated. The cultures were kept in a growth chamber at a temperature 

between 19°C and 22°C and a 12:12 light:dark cycle. 

Algal culturing in small open cultivation systems 

Erlenmeyer flasks containing Chlorella vulgaris cultures were used to inoculate two small 

open systems for algae cultivation – System 1 (S1) and System 2 (S2) (volume of 30 l each), 

to which growth medium was also added for the corresponding volume. Both culture systems 

consisted of a glass tank, a built-in light source and an aeration mechanism that supplied the 

systems with CO2-rich air, which, however, came from different sources for each system. The 

aeration mechanism (consisting of a source of CO2-rich air, a pump, a tube and an air stone 

blister) was used simultaneously to constantly mix the contents of the systems (Figure 1).  
 

 
Figure 1 Schematic view of the algae cultivation systems S1 and S2 
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As both systems are open systems, the surface was covered with a foil to prevent 

contamination to a certain degree. The systems were kept in a closed room to avoid strong 

temperature fluctuations. 

The algae were cultivated for one month and pH, T and EC were measured daily. Biomass 

production was assessed at the end of the experiment. 

 

RESULTS AND DISCUSSION 

In order to study phototrophs in their applicability, they need to be cultivated, and 

consequently biomass must be harvested for further investigation. Their growth and 

cultivation depend on a number of different factors, but an ideal cultivation system should 

have the following features, among others: a suitable light source, effective material transfer 

across the liquid-gas barrier, ease of operating, minimal contamination rate, favorable overall 

design, and production costs [1]. 

Many factors affect algal growth and can influence the dynamics in culture and biomass 

productivity; among the most important are light (light intensity and illumination cycle), 

carbon source (for autotrophic metabolism), media type (presence of macro- and 

micronutrients) and nutrient strength, abiotic factors such as pH and temperature, and some 

biotic ones such as the concentration of algal inoculum or the presence of microfauna in the 

growth medium [3,8]. 

There are many individual studies on different growth-controlling factors in algal 

technology, but the joint effect of different abiotic parameters is the least studied for             

C. vulgaris. To optimally adjust the algal growth system, basic abiotic parameters such as 

light intensity, temperature and pH should be optimized [8]. 

Micrograph of Chlorella vulgaris used for cultivation in our S1 and S2 is shown in Figure 

2. 

 

 
Figure 2 Chlorella vulgaris 

 

Both of our cultivation systems had a built-in light source with a 12:12 light/dark 

photoperiod. Light is an important factor for the growth of photosynthetic microorganisms, 

and as the intensity increases, the products generated by photosynthesis also increase, but 
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only up to a certain point, known as the maximum point; after that, the excessive radiation 

causes stress and has a negative effect on the algae, leading to the phenomenon known as 

photoinhibition. In contrast, in culture systems, “self-shading” can occur, which affects the 

algae in the medium further away from the light source and impairs their growth because 

there is not enough light. For this reason, it is necessary that the contents of the systems are 

mixed [4], and as mentioned earlier, we achieved this with built-in aeration mechanisms that 

allowed constant mixing of the contents in addition to the air supply. The photoperiod is also 

a crucial factor in the cultivation of algae and should be optimized for optimal growth. 

Experiments with Chlorella vulgaris are carried out with different photoperiods, which 

usually include 16:8 and 18:6 in addition to the 12:12 light/dark regime [8,9,10]. 

Although our culture systems were housed in a closed room, the water temperature 

fluctuated between 18–25°C (S1) and 18–24°C (S2). The average water temperature was 

21.72°C (S1) and 21.47°C (S2). Suthar and Verma [8] reported that temperatures between 20 

and 30°C promote maximum growth of Chlorella. It should be noted that temperatures below 

16°C slow down the metabolic system and growth, while temperatures above 35°C are lethal 

for many species [11]. 

The pH of the culture system is an important limiting factor for the physiology of algal 

strains and the yield of algal biomass. The pH affects nutrient uptake and thus leads to 

different growth patterns [8]. Different optimal pH values for the growth of C. vulgaris have 

been reported: according to Sakarika and Kornaros [12], a value of 7.5 is the optimal pH for 

achieving maximum biomass, He et al. [13] reported that the optimal pH values are in the 

range of 5–9, while Suthar and Verma [8] found that the highest biomass is achieved at pH 

values between 7 and 9. The pH is considered to be the easiest factor to control, which is 

usually achieved by introducing CO2 into the system [14]. In our experiment, the pH for S1 

had its lowest value of 7.3, while the highest value measured was 9.54 at the end of the 

experiment. Similar results were obtained for S2, where the pH ranged from 7.3 to 9.59. The 

average pH was 8.33 and 8.32, for S1 and S2, respectively. The increase in pH was also 

reported by many researchers, and according to He et al. [13], the pH of the solution reached 

a maximum of 10.7 within a week. 

The values of EC were higher towards the end of the experiment, when they reached 3.84 

mS (S1) and 4.05 mS (S2). 

In both systems, S1 and S2, air containing CO2 was continuously supplied. Algal 

production requires a large amount of inorganic carbon, and up to 1.8 kg of CO2 is needed to 

produce 1 kg of microalgal biomass. For this reason, Cardias et al. [14] concluded that the 

best option is to supply the cultivation systems with pure CO2. 

The biomass produced by Chlorella vulgaris in S1 was 59 mg L
−1

 d
−1

 and in S2                 

40 mg L
−1

 d
−1

. Similar results as for S1 were reported by El-Fayoumy et al. [15], but the algae 

was cultivated under different stressors. The production of biomass and the sustainability of 

this process depend on the design of the cultivation system as well as on all the factors 

mentioned above. The differences in biomass production in our systems S1 and S2 are 

probably due to the use of different air sources where the CO2 concentration varied, as well as 

the outcome of biomass harvesting in the systems. In general, different values for the biomass 

obtained were reported by the researchers. It should also be mentioned that most studies 
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address the problem of processing algal biomass and not the fact how to produce it in 

sufficient quantities [16]. 

 

CONCLUSION 

Chlorella vulgaris was cultivated in two small open culture systems (S1 and S2), which 

were housed in a closed room to avoid strong fluctuations in environmental parameters. 

Culture systems S1 and S2 were aerated with CO2-rich air, which came from different sources 

for each system, and were equipped with a built-in light source (12:12 light/dark). Parameters 

such as pH, T and EC were monitored regularly. Biomass was harvested at the end of the 

experiment and was higher in S1. 
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Abstract   

The main objectives of this study are to reveal diversity of diatoms (Bacillariophyta), to analyze their 

community temporally and spatially and to assess the ecological status of Lake Palić based on the 

phytobenthos. High diatom taxa richness was found –105 taxa in total. In general, the dominant 

species are pollution-resistant and mostly tolerate high levels of organic pollution and nutrients. Two 

dominant taxa (Amphora pediculus and Gomphonema parvulum) were also the most frequent diatom 

taxa, recorded in all samples. Ecological status based on diatom indices values can be defined in a 

range from good (class II) to bad (class V) depending on the season and sampling site. The worst 

quality class (V – bad ecological status) is indicated by two indices (TID and TDI) created with the 

aim of determining the amount of nutrients. According to national legislation, the ecological status of 

Lake Palić can be characterized as good (class II) on the basis of phytobenthos. Only at second site in 

summer indicated a moderate status.  

Keywords: Bacillariophyta,  biomonitoring, WFD, ecological status, Palić. 

 

INTRODUCTION 

Bioindicator organisms are beneficial tools for reflecting environmental conditions. 

Diatoms (Bacillariophyta) are among the most significant aquatic bioindicator groups. This 

group of organisms has long been recognised as an effective bioindicator of water pollution in 

rivers and lakes [1]. While invertebrates respond to environmental changes primarily through 

changes in taxonomic richness, diatoms respond through changes in community structure [2]. 

Therefore, diatom indices are calculated by analysing composition and structure of diatoms 

community. Based on their values, we can draw conclusions that are very useful in 

monitoring of lakes, but also in determining vulnerabilities due to excessive recreational 

activities and other anthropogenic pressures [3]. 

The European Union’s Water Framework Directive (WFD) is the most important 

document for the management of surface waters with the aim of achieving good ecological 

status. According to the WFD, fish, invertebrates, macrophytes, phytobenthos and 

phytoplankton are defined as Biological Quality Elements that are used to determine 

ecological status [4]. Within the phytobenthos, diatoms are the most important component. 

Lake Palić is a natural lake in northern Serbia which, together with the surrounding area, is 

protected as the Palić Nature Park. According to the IUCN classification, it belongs to 

category IV (Habitat and species management area). It is an important ecological corridor that 
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enables the survival of numerous protected and strictly protected species of birds, reptiles, 

amphibians and mammals [5].  

The aim of this study was to reveal diversity of diatoms, to analyze their community 

temporally and spatially and to assess the ecological status of Lake Palić based on this group 

of organisms as a member of the phytobenthos. 

 

MATERIALS AND METHODS 

Sampling and laboratory procedures 

Epiphytic samples were collected from three sites during three seasons (spring (May), 

summer (July) and autumn (September)) in 2022 according to the standard [6]. The samples 

were then treated with the hot acid method using HCl and KMnO4 to remove the organic 

content from diatom cells [6]. They were then mounted in Naphrax
®
 medium and permanent 

slides were made. 

Microscopic analyses and identification 

The Carl Zeiss AxioImagerM.1 light microscope with the AxioCam MRc5 camera was 

used to observe and photograph the diatom taxa. Taxa identification was based on standard 

taxonomic literature and quantitative analysis by counting 400 diatom valves on each slide 

[7]. 

Ecological status assessment 

Diatom indices values were calculated using OMNIDIA software [8]. The ecological status 

of Lake Palić was assessed based on phytobenthos, taking into account the class boundaries 

given in Prigyel and Coste [9], as well as based on the class boundaries given in the Rulebook 

of the Republic of Serbia, based on which only IPS index values are considered [10]. 

 

RESULTS AND DISCUSSION 

During the study period, a total of 105 diatom taxa were recorded from Lake Palić. The 

lowest number of taxa was recorded at the second site in spring and the highest at the third 

site in summer (Figure 1), which is characterized by the strongest anthropogenic influence. 

Diatoms diversity is not proportional to the impact of anthropogenic activities based on our 

results, which is consistent with other studies. Corrêa da Rosa and Copertino [11] pointed out 

that a higher diversity and lower dominance was found at the non-impacted sites. 

Achnanthidium minutissimum (Kützing) Czarnecki, Amphora pediculus (Kützing) Grunow, 

Aulacoseira granulata var. angustissima (O.Müller) Simonsen, Epithemia sorex Kützing, 

Gomphonema exilissimum (Grun.) Lange-Bertalot & Reichardt, Gomphonema parvulum 

(Kützing) Kützing, Gomphonella olivacea (Hornemann) Rabenhorst and Ulnaria ulna 

(Nitzsch.) Compere were recorded as the most dominant species in Lake Palić (Figure 2). The 

highest relative abundance (45%) of some taxon was recorded at the first site in summer (E. 

sorex) and at the second site in spring (G. olivacea) (Figure 2). E. sorex is commonly found as 

an epiphyte taxon on aquatic plants and coarse filamentous algae in rivers and lakes, which 

often tolerate moderate organic pollution; generally in environments with an alkaline pH, 

moderately to highly mineralized or even slightly brackish [12]. Two dominant taxa (A. 
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pediculus and G. parvulum) were also the most frequent diatom taxa, recorded in all samples 

from Lake Palić, but also Nitzschia amphibia Grunow. All these dominant species are 

pollution-resistant, mostly tolerate high levels of organic pollution and nutrients. 

 

 
Figure 1 The number of recorded diatom taxa by sites in three seasons (spring, summer and autumn) 

 

 
Figure 2 The highest relative abundance (%) of dominant diatom taxa by sites (1-3) in three seasons 

(spring, summer and autumn)  

 

Ecological status based on diatom indices values can be defined in a range from good 

(class II) to bad (class V) depending on the season and sampling site (Table 1). Only Descy 

and Lobo indicated high ecological status (class I) at one site each. However, it should be 

borne in mind that the LOBO index [13] was created on the basis of data and research in 

South America, so the degree of reliability is low. The TDIL index developed specifically for 

lakes indicated a moderate (III) and poor (IV) status of Lake Palić, but also the reliability is 
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low as the percentage of species included in the calculation did not exceed 70% at the studied 

sites during the study period; the exception is the second and third sites in spring. 

Nevertheless, most indices indicated a moderate ecological status at most sites during the 

study period. The worst quality class (V – bad ecological status) is indicated by two indices 

(TID and TDI), which were created with the aim of determining the amount of nutrients [14]. 

The degree of their reliability is high, considering the percentage of species included in their 

calculation. 

 

Table 1 Ecological status classes of Lake Palić based on the values of diatom indices at the 

investigated sites (1–3) during three seasons (spring, summer and autumn); class boundaries 

according to Prygiel and Coste (2000) 

Diatom 

index 

spring summer autumn 

1 2 3 1 2 3 1 2 3 

IBD 13.6 13 12 10.4 10 10.6 15.7 11.5 13.8 

IPS 12.2 12.7 10.9 11.9 9.6 10.6 12.9 11.4 13.8 

IDG 12.6 14.8 11.5 12.7 11 10.9 11.3 8.5 10 

Descy 11.4 12.7 11.7 7.7 9.6 14.1 10 14 17.9 

Sla. 12.9 10.7 11.5 12.3 10.3 11.6 11.7 12 12.8 

IDSE 13.6 10.5 11.5 10.5 10.3 12.1 12.1 12.5 13.4 

IDAP 11.6 8.4 8.5 5.7 9.3 10.2 6.7 9.2 12.8 

EPID 13.6 14.2 12.9 11.3 9.4 10.8 9.8 10.5 12.2 

Lobo 18.6 6.7 11.4 16.4 14.8 10.6 16.6 12.9 11.9 

Hurl. 10.1 14.1 11.1 8.1 6.8 9.4 13.3 7.8 9.9 

TID 5.6 4.5 4.5 4.9 4.5 6.7 9.7 6.7 7.2 

SID 12.5 12.6 12.5 14.9 11.5 12.4 12.7 12.2 13.3 

TDIL 10.9 10.1 8.5 9.5 10.1 9.1 6.4 8.9 9.6 

CEE 13.8 11.3 10.1 8.6 9.5 10.4 8.2 12.3 14.6 

WAT 14.8 11.5 12.7 11.2 10.3 12.5 10.7 11.9 14.2 

TDI 8 1.3 1.1 3.9 4.2 3.7 2.2 2.6 2.3 

IDP 11.4 5.1 7.4 10.5 10.3 11.3 7.9 10.1 10.8 

SHE 13.5 9 9.4 12.3 12.7 13.8 13.7 13.2 13.3 

 

According to national legislation [10], ecological status based on phytobenthos for shallow 

lakes (up to 10 m deep) is determined based on the IPS values. The boundaries between 

ecological status classes differ from those in Prygiel and Coste [9]. The IPS values indicated a 

good (class II) ecological status in accordance with the legislation of the Republic of Serbia 

[10]. Only at the second site in summer indicated a moderate status. 

 

CONCLUSION 

Diatoms are a group of microorganisms that are very important and useful for the 

bioindication of aquatic ecosystems. A total of 105 diatom taxa from Lake Palić were 

recorded at three sampling sites during 2022. Diatom indices are widely used in Europe and 

around the world to assess the ecological quality of rivers and are part of national legislation 

in many European countries. The ecological status based on diatom indices values can be 
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defined in a range from good (class II) to bad (class V) depending on the season and sampling 

site. According to Serbian legislation, the ecological status of Lake Palić can be characterized 

as good (class II) during spring, summer and autumn in 2022. An exception is the second site 

in summer, where the water of the lake can be characterized as moderate (class III). This 

study shows that continuous biomonitoring is necessary, especially considering the touristic 

importance of Lake Palić. 
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Abstract  

Paleoenvironmental research in the Balkans offers an extraordinary approach into the region's past 

climates and environments. To improve our knowledge of the events that shaped natural systems and 

human evolution over the past 120 thousand years, it is important to focus on two major climatic 

events that occurred during this time globally and affected the territory of Balkan Peninsula. The first 

climatic event that’s important is the gradual global cooling after the last major interglacial period 

(Marine isotope stage MIS 5) before the Holocene. The second event is the eruption of the Campanian 

Ignimbrite, one of the largest known volcanic eruptions of the Quaternary. Paleoecologists are able to 

calculate climatic parameters such as: Mean annual temperature, mean annual precipitation, 

temperature of the coldest month, temperature of the warmest month, number of dry months etc. To 

make paleoreconstructions based on archeological small vertebrate remains paleoecologists use data 

from living ecosystems. Among microvertebrates, rodents are known to be the best tools for 

biochronological, biostratigraphic, and paleoecological reconstructions. Amphibians and reptiles are 

also becoming better known in the context of paleoclimatic and paleoecological analyses. During 

preliminary results of field surveys conducted in Serbia in 2019, researchers encountered hundreds of 

animals and positively identified 14 species of amphibians and 15 species of reptiles in their natural 

habitats. 

Keywords: Paleoenvironment, biodiversity, herpetofauna. 

 

INTRODUCTION 

The Balkan Peninsula has already been identified as a confirmed route for animal 

migrations in the early Pleistocene [1]. For the Middle and Late Pleistocene, it would be very 

important to establish a pattern of emergence and disappearance of small vertebrates. Such an 

attempt is an ongoing process that will be strengthened by future research. Because of their 

small size, small habitats, and generally low mobility, small vertebrates are known to be more 

susceptible to regional change than large mammals and plants, especially in Europe where 

mountain ranges and marine barriers block their retreat southward. 

To make paleoreconstructions based on archeological small vertebrate remains 

paleoecologists use data from living ecosystems. Among microvertebrates, rodents are known 

to be the best tools for biochronological, biostratigraphic, and paleoecological 
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reconstructions. Amphibians and reptiles are also becoming better known in the context of 

paleoclimatic and paleoecological analyses [2]. According to Musil [3], a relatively warm 

climate was recognized in Central Europe in 31500, 30000, 27500, 26000, and 21000 years 

ago, while there were relatively cold periods in 32000, 31000, 29000–27500, 25000–21500 

years ago (all data are in calibrated years BP). These climatic fluctuations can be assigned to 

specific climatic phases for the purpose of establishing typical herpetofaunal assemblages for 

Balkans. This concept is introduced by Böhme [4,5], and phases include: late glacial, early 

interglacial, interglacial climate optima, late interglacial and interstadial. Latest interglacial to 

Early glacial, and Glacial periods. Paleoecologists are able to calculate climatic parameters 

such as: Mean annual temperature, mean annual precipitation, temperature of the coldest 

month, temperature of the warmest month, number of dry months etc. These parameters can 

be compared with present ones and correlated with habitat distribution, there are also many 

other analyses applicable for past and present comparisons and possibly future predictions. 

For the future research it is necessary to make data collections to unite known data about 

species distribution together with data about habitat distribution. Additional advantages will 

be presented by totaling with climatological data, as these way researchers will be able to 

fully use modern technological advancement in GIS software.         

 

MATERIALS AND METHODS 

The methods for paleoenvironmental research include: Bioclimatic analysis [6–9]; Mutual 

Ecogeographic Range [10,11]; Habitat types [12]; Statistical analyses of the small vertebrates 

distribution using Paleontological statistical program PAST3, in particularly Hierarchical 

clustering in addition with the Jaccard similarity index can be applied, since this is 

recommended for clustering binary data as it gives more importance to joint concurrences in 

the assemblages [13]. Correspondence Analysis can be used to support the results of the 

hierarchical clustering. Correspondence Analysis is the recommended method for comparing 

associations (assigned to columns) with the total count of taxa or identifying taxa (assigned to 

rows) through associations [14].   

Field surveys are one of the most common methods used to assess biodiversity. 

Researchers conduct systematic surveys of different habitats, including forests, wetlands, 

grasslands, and urban areas, to document the presence of amphibians and reptiles. Surveys 

may involve visual encounters, where researchers search for animals directly or use 

techniques like pitfall traps, funnel traps, drift fences, or cover boards to capture and record 

species. Animals are released unharmed without exceptions. In addition, comparative 

methods for gathering information about natural habitat distribution will be used to correlate 

species with their natural habitats.   

 

RESULTS  

Assessing the distribution of herpetofauna involves gathering information about where 

different species of amphibians and reptiles are found within a particular geographic area. 

This process typically involves a combination of field surveys, literature reviews, and data 

analysis. Researchers reviewed existing scientific literature, including published papers, 
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reports, and species distribution maps, to gather information about the distribution of 

herpetofauna. This supplemented field data and provided a more comprehensive 

understanding of species distributions over time and across different regions. In particular, 

field research was conducted in areas with insufficient data. Field surveys were used to assess 

the distribution of herpetofauna. Researchers conducted systematic surveys of different 

habitats, including forests, wetlands, grasslands, and urban areas, to documented the presence 

of amphibians and reptiles. Surveys involved visual encounters, where researchers search for 

animals directly. Animals were released unharmed without exceptions. In addition, 

information about natural habitat distribution was gathered to correlate species with their 

natural habitats (Figure 1). 

 

 
Figure 1 Field research map of areas and distance covered: 1 Starting point – Belgrade – 

searching for herpetofauna at the Avala mountain; 2,3,4,5,6,7,8  – searching for herpetofauna; - 

documenting the environment and associated herpetofauna 

 

During the field surveys researchers encountered hundreds of animals and positively 

identified 11 species of amphibians and 13 species of reptiles (Table 1).  Most notable 

absence on the list is snake Vipera berus due to this species decreasing numbers.    
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Table 1 Field list of species encountred and identified during the field serveys 

Lizards   Snakes  
Slow 

worms 
Tortoises  Frogs Toads 

Salamanders and 

newts 

Lacerta 

viridis 

Natrix 

tessellata 

Anguis 

Fragilis 

Testudo 

hermanni 

Pelophylax 

ridibundus 
Bombina variegata 

Salamandra 

salamandra 

Podarcis 

tauricus 

Zamenis 

longissimus 
  

Pelophylax 

kl.exculantus 
Bufo bufo Triturus vulgaris 

Podarcis 

muralis 

Vipera 

ammodytes 
  

Rana 

dalmatina 
Bufotes viridis 

Ichthyosaura 

alpestris 

Darevskia 

praticola 

Dolichopis 

caspius  
  Rana graeca   

ablepharus 

kitaibelii 
Natrix natrix   

Hyla 

arborea 
  

 
Coronella 

austriaca  
     

 

As an additional research task, an assessment will have to be made about the current 

distribution ranges for each herpetofaunal and rodent species living in the Balkans. From the 

preliminary research, there are strong indications of inaccuracies and approximations on 

existing distribution maps. Assessing the distribution of herpetofauna involves gathering 

information about where different species of amphibians and reptiles are found within a 

particular geographic area. This process typically involves a combination of field surveys, 

literature reviews, and data analysis. This data has to be published in various publications, but 

often unavailable to a broad public, and in some cases can be found only in libraries. 

Researchers will review existing scientific literature, including published papers, reports, and 

species distribution maps, to gather information about the distribution of herpetofauna. This 

helps to supplement field data and provide a more comprehensive understanding of species 

distributions over time and across different regions.  

To present all available data an interactive map has to be created in ArcGIS software. The 

map would unite, combine, and present archaeological, ecological, and climatological data 

gathered by the proposed research. The user would be able to zoom in on any area in the 

territory of Serbia, Croatia, Montenegro, Bosnia and Hercegovina, and Albania. Users will be 

able to select any of the following options: Habitat distribution, species distribution, and 

climate parameters. The selected items will be graphically shown on the map, together with a 

reference (if available) as proof of the reliability of the information. The map will be extra 

detailed in areas archeological sites: Baranica, Hadzi Prodanova, Pesturina, Smolucka, 

Vindija, Krapina, Mujina, and Crvena Stijena caves. These sites are of particular interest as 

archaeologically excavated layers within will be dated and eligible for paleoreconstructions. 

Acquiring data from caves will allow the software to show climate change through time in the 

vicinity of the sites.   

 

DISCUSSION  

Crossing national borders and accessing equivalent material in neighbouring countries has 

always been a challenge for researchers in the Balkans. In comparison, the Iberian Peninsula 

and the Apennine Peninsula have much better-filled data on biodiversity and climate changes 

in the late Pleistocene, as their researchers have no such problem. We have to build 

collaboration among researchers in the region that can be beneficial to all, and to complete the 
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missing data. When sorted and united, ecological, climatological and archaeological data will 

be put in context, creating an interactive map easily accessible and available to various 

researchers from different scientific communities that might be interested in Balkans. The aim 

of this approach is to assemble relevant, available information and create new data regarding 

the climate and environmental changes in the Balkan Peninsula in the last 120 thousand years 

using FAIR principles. In the final stages, the results will be used for comparison of past 

ecosystems with the present, to predict future events. It will require the conception of 

multidisciplinary teams working on similar topics across borders and collaboration between 

researchers from neighbouring countries resulting in new knowledge and completing the gaps 

in missing data.   

 

CONCLUSION 

It is important for paleoenvironmental studies in Balkans to disseminate contemporary 

methods for paleoenvironmental and paleoclimatic reconstructions, using FAIR principles, at 

the territory of Balkans. Multidisciplinary approach to the complex problem of climate 

change has to be used in order to understand past, present and future events and improve the 

resilience of society and nature. It will also promote public understanding of the scientific 

facts in a field of environmental protection and sustainability. The realization of this research 

approach will have a positive impact on the local communities as well as the general public 

on the Balkans. Local people are usually very interested in scientific research, and friendly to 

the researchers despite political and national disputes. Using the popularity of the subject we 

hope to build strong relationships with local communities and researches that will continue in 

the future. The interactive map will be of particular impact for educational purposes as it will 

be completely free to use. It will also be of significant use to the scientific community as it 

will offer a large amount of data for scientific purposes.   
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Abstract  

During the research actions carried out by the members of NIDSBE “Josif Pančić” in cooperation 

with the manager, new taxa were recorded for the list of entomofauna of the reserve. For the past 20 

years of research activities, a total of 67 taxa from 5 orders and 33 families have been recorded. 

Where one strictly protected taxon (Necrophorus litoralis) and two protected taxons (Distoleon 

tetragranicus, Mantispa stiriaca) were recorded in Serbia. Out of a total of 33 families, 12 of them are 

listed for the first time for the entomofauna of the reserve and Mačva. According to the Alcifron 

electronic database, for the taxa Cantharis pardona, Tribolium confusum, Oedemera annulate, 

Anacaena globulus, Ctenophora guttata and Dichlostigma flavipes, there are no data for the 

Vojvodina area in the database, and for the orders Raphidoptera and Neuroptera in the Alcifron 

database, there are no data for the area of Srem and Mačva. The significance of the research actions 

carried out by the members of NIDSBE “Josif Pančić” or any other student association for protected 

areas is very great because it contributes to better research of the protected area and is a significant 

help to managers in inventorying the species and ecosystem diversity of the area. 

Keywords: NIDSBE “Josif Pančić”, reserve Zasavica, research, 20 years. 

 

INTRODUCTION 

A significant form of student engagement and satisfaction of their interest is made possible 

through the activities of the “Josif Pančić” Scientific Research Society of Biology and 

Ecology Students. NIDSBE “Josif Pančić” [1] was founded in 1973, on the basis of many 

years of work by students and staff of the then Institute of Biology. The society officially 

began working in 1983, and gathers students of biology, ecology, dual-subject courses and all 

others who want to engage in scientific research, protection and improvement of the 

environment or education in the same fields. Within this Society, especially interested 

students are given the opportunity, with the help of professors, assistants and senior 

colleagues, to become more concretely acquainted with the principles and methods of 

scientific and research work, to actively participate in the production of scientific papers, to 

realize their ideas and present the results at student and other gatherings, satisfying in this 

way, needs and interests that are not covered in such detail during regular studies. Through 

the implementation of the Society's regular activities - scientific and popular lectures, 
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educational walks, motivational weekends, research camps, organization of student seminars 

and scientific gatherings - but also by participating in various manifestations and events, 

students are enabled to engage in additional activities during their studies, fulfill their interests 

and realizing their own ideas. Every year NIDSBE “Josif Pančić” organizes several scientific 

and research camps in Serbia. By participating in the camps, students gain the necessary 

experience in field and research work, orient themselves and acquire practical knowledge in 

the areas that interest them. Also an important aspect of such camps are the results that 

become available to the public through scientific papers that participants can write based on 

the results and observations from the field. One of the oldest camps that is continuously held 

is the “Research Camp Zasavica”, which has been running since 2003 until today. Over the 

past 20 years, more than 1,500 students from the University of Novi Sad or as guests from 

various other universities from the country and abroad (Europe, Asia, America) have passed 

through the “Zasavica” research camps, among whom we now have recognized experts in the 

country and abroad. It is a ten-day field work according to a pre-prepared plan and program of 

field trips. After returning from the field, the collected material is sorted and prepared for 

further processing (herbarization, preparation - entomological material), which follows after 

returning from the field with its professors and assistants at the faculty. After processing, the 

material is deposited either in the reserve natural history collection or in the collection at the 

university. The obtained results, depending on their importance, are published at domestic or 

international scientific and professional gatherings, congresses, etc. The aim of this work is to 

show the importance of such research camps for a protected area in its valorization of natural 

values using the example of entomofauna and to publish hitherto unpublished findings. 

 

MATERIALS AND WORKING METHODS 

Research camps in Zasavica are organized during the month of August and are ten days of 

fieldwork conducted according to a pre-prepared plan and program of field trips. In addition 

to large actions from spring to autumn, the reserve also conducts occasional weekend actions 

and individual (single) research. During fieldwork, entomological material is collected by 

hand, with a catcher, various traps, mercury (Hg) lamp, examination of rotten stumps and 

trees, under stones, in water, vegetation (coastal, macrophyte-aquatic, forest, ...) and others. 

Species determination was done according to: Reitter [2], Harde and Severa [3], Bechyně 

[4], Tanasijević and Sinova-Tošić [5], Garms and Borm [6], Chinery [7], Mikšić [8], 

Yoshihiko and Hamano [9], Mihajlović [10]. 

 

RESULTS WITH DISCUSSION 

For the past twenty years of research camps on Zasavica, a good part of the material has 

already been published, with the fact that part of the entomological material has remained 

undetermined until now or unpublished from field notebooks. By reviewing the material from 

the collection and its subsequent determination, as well as by collecting data from field 

diaries, a list of new species of insects for the entomofauna checklist of the reserve was 

obtained, and it looks as follows: 
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Red. COLEOPTERA: 

Fam. Scarabaeidae  

-Aphodius fimetarius: 04.04.2021., Zasavica II, Valjevac, in the pasture, in the dung; 

29.05.2009., Zasavica II, Turske livade, meadow, 

-Bolboceras armiger:01.08.2022., Zasavica II, Turske livade, on the road at night; 

04.08.2022., Zasavica II, Valjevac, in the pasture at night, 

-Caccobius schreberi:04.08.2020., Banovo Polje, Trebljevine, meadow; 02.08.2020., 

Ravnje, Zovik, meadow, 

-Onthophagus ovatus: 11.06.2023., Zasavica II, Valjevac, meadow, 

-Onthophagus taurus:02.08.2017., Ravnje, Zovik, meadow; 10.05.2006., Zasavica II, 

Valjevac, in the meadow, in the dung. 

Fam.Cantharidae  

-Cantharis pardona:15.06.2019., Zasavica II, Turske livade, meadow. 

Fam.Melyridae  

-Clanoptilus marginellus:15.06.2019., Zasavica II, Turske livade, meadow, 

- Clanoptilus geniculatus:02.05.2021., Zasavica II, Lađine, meadow, 

Fam. Silphidae  

-Nicrophorus humator:29.07.2008., Glušci, Bitva, animal carcass; 02.08.2021., Zasavica 

II, Turske livade, at night, 

- Necrophorus littoralis: 22.06.2020., Zasavica II, Turske livade, on an animal carcass,  

-Nicrophorus interruptus: 05.08.2012., Radenković, Vrbovac, on an animal carcass,  

Fam.Trogidae 

 -Trox hispidus:29.05.2006., Crna bara, Jovača b., meadow; 02.08.2020., Ravnje, Zovik, 

meadow, 

-Trox sabulosus:02.08.2006., Noćaj, Lug, me-adow; 07.08.2011., Crna bara, Drenova 

greda, meadow; 08.08.2022., Glušci, Češljuška bara, meadow. 

Fam.Staphyllionidae  

-Creophillus maxillosus:08.08.2020., Banovo Polje, Duge njive, goat carcass, 

-Scaphisoma sp.:02.08.2022., Banovo Polje, Duge njive, animal carcass, 

-Oxyporus rufus:08.08.2008., Glušci, Bitva, meadow. 

Fam. Tenebrioidae  

-Crypticus quisquilius:10.04.2006., Zasavica II, Valjevac, meadow, 

-Diaperis boleti:04.08.2020., Banovo Polje, Trebljevine, the forest, 

-Podonta nigrita:05.08.2021., Radenković, Batar, the forest,  

-Stenomax aeneus:15.04.2006., Salaš Noćajski, the edge of the forest,  

-Tribolium confusum:04.08.2020., Banovo Polje, Trebljevine, forest, tree stump. 

Fam.Lampyridae 

-Lampyris noctiluca:21.06.2012., Banovo Polje, Trebljevine, the forest, 

-Luciola lusitanica:05.03.2014., Zasavica I., Šumareva ćuprija, the forest, 

Fam.Oedemeridae 

-Oedemera annulate: 08.05.2007., Crna bara, Drenova greda, meadow, 

-Oedemera femorata:11.06.2006., Zasavica I, Valjevac, meadow; 04.08.2008., 

Radenković, Batar, meadow; 20.06.2007., Ravnje, Zelena bara, meadow. 

Fam. Cetonidae 
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-Potetia metallica:21.06.2012., Banovo Polje, Trebljevine, meadow, 

-Trichis sexualis:05.08.2011., Radenković, Vrbovac, meadow. 

Fam. Chrysomelidae 

-Althica oleracea:03.08.2023., Zasavica II, Vizitorski centar, Hg (mercury) lamp, 

-Cryptocephalus connexus:04.08.2019, Zasavica I, Valjevac, meadow, 

-Diabrotica virgifera:02.08.2019., Ravnje, Zovik, meadow, 

Fam.Scirtidae 

-Cyphon variabilis:03.08.2023., Zasavica II, Vizitorski centar, Hg (mercury) lamp. 

Fam.Hydrophillidae 

-Anacaena globulus:27.10.2014., Radenković, Pačija bara, peatland. 

Fam.Dytiscidae 

-Rhantus sp.:03.12.2014., Radenković, Pačija bara, peatland; 27.10.2014., Radenković, 

Pačija bara, peatland. 

Fam.Heterocerhidae 

-Heterocerus fenestratus:05.07.2023., Glušci, Češljuška bara, the forest.  

Fam.Nitidulidae 

-Glischrochilus hortensis:04.08.2020., Banovo Polje, Trebljevine, the forest. 

Fam.Carabidae 

-Calistus lunatus:08.08.2019, Ravnje, Bostanište, the forest; 29.04.2023., Zasavica II, 

Valjevac, meadow, 

-Philochthus biguttatus:02.08.2022., Radenković, Batar, the forest. 

 

Ordo NEUROPTERA: 

Fam. Myrmeleontidae  

-Distoleon tetragranicus:01.08.2021., Zasavica II, Vizitorski centar, meadow; 01.08.2022., 

Zasavica II, Vizitorski centar, meadow; 01.08.2022., Zasavica II, Turske livade, the edge 

of the forest,  

-Euroleon nostrans: 02.08.2017., Crna bara, Jovača b., meadow, 

-Osmylus filvicephalus:07.07.2007., Zasavica II, Valjevac, meadow, 

-Palpares libelluloides:08.07.2007.,Zasavica I, Valjevac, meadow, 

Fam.Mantispidae  

-Mantispa stiriaca: 04.08.2022, Lađine, meadow.  

 

Ordo DIPTERA: 

Fam.Tabanidae 

-Tabanus svedicus: 06.07.2007., Ravnje, Bostanište, the forest; 04.08.2021., Banovo Polje, 

Trebljevine, the forest; 08.08.2021., Banovo Polje, Duge Njive, the forest, 

-Therioplectes gigas:02.06.2019., Zasavica II, Vizitorski centar. 

Fam.Asilidae 

-Dysmachus bifurcus: 02.08.2022., Banovo Polje, Batar, the forest,  

-Laphria flava: 03.07.2014., Banovo Polje, Batar, the forest. 

Fam.Bibionidae 

-Dilophus sp.:22.04.2022., Radenković, Pačija bara, peatland. 

Fam.Tipulidae 
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-Ctenophora flaveolata:04.08.2020., Banovo Polje, Trebljevine, reed beeds, 

-Ctenophora ornate:02.08.2020., Ravnje, Zovik, meadow, 

-Ctenophora guttata:23.05.2009., Zasavica II, Turske livade, the forest,  

-Nephrotoma appendiculata:02.08.2018., Ravnje, Zovik, meadow; 04.08.2020., Banovo 

Polje, Trebljevine, reed beeds; 09.09.2018., Banovo Polje, Batar, the forest, 

-Tipula balcanica: 03.08.2020., Radenković, Batar, the forest, 

-Ptychoptera contaminate:02.08.2020., Radenković, Gajića ćup., meadow. 

 

Ordo RAPHIDIIDAE: 

Fam. Raphidiidae 

-Dichlostigma flavipes:22.04.2022., Radenković, Pačija bara, peatland, 

-Phaeostigma notata:01.08.2022., Zasavica II, Turske livade, the edge of the forest; 

02.06.2019., Zasavica II, Vizitorski centar, 

-Raphidia ophiopsis: 18.04.2013., Radenković, Pačija bara peatland. 

 

Ordo HYMENOPTERA: 

Fam.Sphecidae  

-Sceliphron caementarium: 03.08.2020., Radenković, Batar, meadow, 

-Sceliphron destillatorium: 01.08.2021., Zasavica II, Vizitorski centar, meadow, 

-Isodontia mexicana:01.08.2022., Zasavica II, Vizitorski centar, meadow. 

Fam.Vespidae  

-Delta unguiculatum:07.08.2021., Glušci, Bitva, on the forest road. 

 Fam.Pompilidae 

-Anoplius viaticus:09.08.2021., Banovo Polje, Banov brod, embankment. 

Fam. Ichneumomidae 

-Enicospilus merdarius:14.04.2023., Zasavica II, Turske livade, the forest. 

Fam. Melittidae  

-Melitta sp.:04.08.2020., Banovo Polje, Trebljevine, reed beeds. 

Fam. Stephanidae  

-Stephanus serrator:04.08.2020., Banovo Polje, Trebljevine, reed beeds. 

Fam. Gasteruptiidae 

-Gasteruption jaculator:02.08.2018., Ravnje, Zovik, meadow. 

Fam.Formicidae 

-Myrmica ruginosis:06.08.2019., Zasavica II, Turske livade, the forest. 

Fam.Braconidae 

-Doryctes leucogaster:05.08.2020., Zasavica II, Turske livade, the edge of the forest. 

 

A total of 67 taxa from 5 orders and 33 families were recorded. Out of a total of 67 taxa, 

one taxon (Necrophorus litoralis) is strictly protected and two taxa (Distoleon tetragranicus, 

Mantispa stiriaca) are protected in Serbia. Out of a total of 33 families, 12 families 

(Fam.Melyridae; Trogidae; Oedemeridae; Scirtidae; Heterocerhidae; Nitidulidae; 

Myrmeleontidae; Raphidiidae; Pompilidae; Melittidae; Stephanidae, Silphidae, Lampyridae 

and Gasteruptiidae) are listed for the first time as entomofauna of the reserve. From the order 

Coleoptera the following families Scarabaeidae, Cantharidae, Staphyllionidae, Tenebrioidae, 
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Cetonidae, Chrysomelidae, Hydrophi-llidae, Dytiscidae and Carabidae are included in the 

research so far. According to the data of Stanković [11] the Scarabaeidae fauna has a total of 

6 taxa, the Cantharidae fauna 3 taxa, the Staphyllionidae fauna 3 taxa, Tenebrioidae fauna 4 

taxa and Cetonidae fauna 5 taxa. According to Stanković [12] the Chrysomelidae fauna in the 

reserve has a total of 75 taxa, this research found three new taxa for the list, which increases 

the total diversity of leaf beetles to 78 taxa. The aquatic Coleoptera fauna has a total of 81 

taxa, of which 47 taxa are from the suborder Adephaga [13] and 34 taxa from the family 

Hydrophillidae [14]. The survey found two new taxa for the list, which increases the total 

diversity of paddlefish and grebes to 83 taxa. According to Ćurčić [15], the Carabidae fauna 

in the reserve has a total of 72 taxa, this research found three new taxa for the list, which 

increases the total diversity of the carabidae to 75 taxa. The order Neuroptera has not been 

recorded so far, so the recorded Fam. Myrmeleontidae with 4 taxa and Fam. Mantispidae with 

one taxon are new to the fauna of the reserve. The order Hymenoptera is represented by three 

taxa from Fam. Sphecidae, while the remaining families Vespidae, Pompilidae, 

Ichneumomidae, Melittidae, Stephanidae, Gasteruptiidae, Formicidae and Braconidae are 

represented by one taxon each. Species of the genus Sceliphron, Isodontia, Delta, Anoplius, 

Enicospilus, Doryctes, Gasteruption, Stephanus represent a parasitic group of wasps that 

regulate the number of so-called wasps “harmful insects” in agriculture and forestry. 

Myrmecofauna (Formicidae) from the order Hymenoptera has been investigated in detail so 

far, where a total of 31 taxa of ants were recorded [16], with this finding the number of taxa 

has increased on 32 taxa. According to the Alciphron electronic database [17] for the taxa 

Cantharis pardona, Tribolium confusum, Oedemera annulate, Anacaena globulus, 

Ctenophora guttata and Dichlostigma flavipes, there are no data in the database for the area of 

Vojvodina. For the order Raphidoptera and Neuroptera, according to the Alcifron electronic 

database, there are no data for the area of Srem and Mačva. For the Mačva area in the 

Alcifron electronic database there are three UTM fields with data for taxa; Diabrotica 

virgifera and Calistus lunatus, then for two UTM data fields for taxa; Oedemera femorata and 

Tabanus suedicus, while for the taxa Nicrophorus interruptus, Creophillus maxillosus, 

Oxyporus rufus, Crypticus quisquilius, Stenomax aeneus, Lampyris noctiluca, Trichis 

sexualis, Cryptocephalus connexus, Therioplectes gigas, Ctenophora ornate, Isodontia 

mexicana and Stephanus serrator there is one UTM data field in the Alciphron database. 

 

  
Figure 1 Photos from the field of NIDSBE members “Josif Pančić” from Novi Sad 
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CONCLUSION 

During the research actions carried out by the members of NIDSBE “Josif Pančić” in 

cooperation with the manager, new taxa were recorded for the list of entomofauna of the 

reserve. For the past 20 years of research activities, a total of 67 taxa from 5 orders and 33 

families have been recorded. Where one strictly protected taxon (Necrophorus litoralis) and 

two protected taxons (Distoleon tetragranicus, Mantispa stiriaca) were recorded in Serbia. 

Out of a total of 33 families, 12 of them are listed for the first time for the entomofauna of the 

reserve and Mačva. According to the Alcifron electronic database, for the taxa Cantharis 

pardona, Tribolium confusum, Oedemera annulate, Anacaena globulus, Ctenophora guttata 

and Dichlostigma flavipes, there are no data for the Vojvodina area in the database, and for 

the orders Raphidoptera and Neuroptera in the Alcifron database, there are no data for the 

area of Srem and Mačva. So far, the research includes the Coleoptera families Scarabaeidae, 

Cantharidae, Silphidae, Staphyllionidae, Tenebrioidae, Lampyridae, Cetonidae, 

Chrysomelidae, Hydrophillidae, Dytiscidae and Carabidae [10–14], and the myrmecofauna 

(Formicidae) from the Hymenoptera order was investigated [15]. The significance of the 

research actions carried out by the members of NIDSBE “Josif Pančić” or any other student 

association for protected areas is very great because it contributes to better research of the 

protected area and is a significant help to managers in inventorying the species and ecosystem 

diversity of the area. 
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Abstract 

In the fauna of the Zasavica reserve, a total of 21 species of Macrocrustacea were recorded, and the 

status of “living fossils” belongs to organisms from the class Branchipoda, order Anostraca, and from 

the class Ostracoda, because they have not changed in evolutionary terms for hundreds of millions of 

years. Anostraca species Chirocephalus brevipalpis has the status of a “living fossil” and from the 

order Notostraca there are two species Lepidurus apus and Triops cancriformis. The species 

Chirocephalus brevipalpis is a rare species, whose find in Zasavica is the westernmost of this species 

and the only one south of Sava and Danube. The finding of the species Lepidurus apus in the Batar 

tributary is unique because the individuals were found in running water. While the discovery of the 

species Triops cancriformis in Zasavica is new for Serbia and a new species for the reserve. So far, 

nine species of ostracods have been discovered in the Reserve, and the discovery of Candona aff. 

candida in Zasavica is the first in Serbia. 

Keywords: living fossils, Zasavica, Serbia. 

 

INTRODUCTION 

Few of us know that we share today's planet Earth with organisms that have not changed 

evolutionarily for hundreds of millions of years. We call such organisms “living fossils” – 

which are almost unchanged from the time of their extinct ancestors and usually have no 

closer living relatives. Their characteristic development has led to the fact that today such 

organisms often differ in appearance, way of life and reproduction, and still resist today's 

conditions on Earth. Unlike other species that have evolved, or are even still evolving, living 

fossils are those species whose anatomy and behavior have not changed over millions of 

years. “Living fossils” are organisms that have survived meteor bombardments, ice ages, 

floods, fires, earthquakes, gigantic volcanic eruptions, etc. The best-known living fossils of 

plants are ginkgo (Ginkgo biloba) and the genus Cycas, which grew in the times when 

dinosaurs still walked the Earth [1]. We discovered some of the living fossils only recently, 

while they have been under our noses for years. Thus, the metasequoia (Metasequoia 

glyptostroboides) was thought to be extinct long ago, until the Chinese forester Tsou Kan 

came across several specimens of this unusual deciduous tree in the southwest of China in 

1947 [1,2]. Among the five most famous living fossils in animals are Coelacanth 

pronunciation (Coelacant), Acipenser ruthenus (Kechiga), Macrochelys temminckii (Alligator 

turtle), Dicerorhinus sumatrensis (Sumatran rhinoceros), Okapia johnstoni (Okapi) and 
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Nautilus sp. (Indian ship) that have not changed at all or little in the past almost 500 million 

years [3]. 

Crayfish in Serbia live wherever there is surface water, as well as underground water. 

Many live hidden, secretive lives, and to see them you need to be at the right time, in the right 

place. Numerous adaptations of the body structure and their great diversity enable them to 

survive in the most diverse habitats. A small number of species have adapted to life on land in 

extremely humid environments or humus. The Balkan Peninsula, and especially Serbia, is 

known as the center of crab diversity, some of which live only here. Many crustaceans play an 

important role in food chains. Although it is a common belief among people that crabs live in 

clean waters, this is not always the case because some crabs feed on decaying organic 

particles. 

The Zasavica Reserve is located on the border of two very important areas of the Balkan 

Peninsula in terms of diversity, characterized by an extremely rich and specific fauna, many 

of which are endemic to the area and the Pannonian Plain. Taube [4], Josif Pančić [5] and the 

Dombrowski brothers [6] provided the first data on the flora and fauna of Northern Mačva 

(Peripannonian Serbia), and thus the area of today's Special Nature Reserve (SNR) 

“Zasavica”. A period of over half a century of sporadic research by small groups and 

individual researchers followed. In 1995, an initiative for the protection of Zasavica was 

launched and the Decree on preliminary protection was adopted [7]. At the proposal of the 

Institute for Nature Protection of Serbia, in 1997 the Government declared the Special Nature 

Reserve “Zasavica” [8] with an area of 1,850 ha, then in 2019 the boundaries of the Reserve 

were expanded to a total of 3,400 ha [9]. 

This paper aims to show organisms from the distant past, the so-called “living fossils” 

present in the crustacean fauna of the SNR “Zasavica”. 

 

MATERIALS AND WORKING METHODS 

The material for this work was collected from published works and submitted research 

reports in the period 1997–2023. 

 

RESULTS WITH DISCUSSION 

A total of 21 species of Macrocrustacea were recorded in the fauna of the Zasavica 

Reserve [10]. Even if crabs are an ancient group of organisms, not all of them are “living 

fossils”. The status of “living fossils” belongs to organisms from the class Branchipoda, order 

Anostraca, and from the class Ostracoda, because they have not changed in evolutionary 

terms for hundreds of millions of years. Within the Arthropoda phyllum, which also includes 

Crustacea, in the Branchipoda class, three orders with the following species are present in the 

Reserve: Ordo: Anostraca; Species: Chirocephalus brevipalpis (Orhgidan, 1953); Ordo: 

Notostraca, Species: Lepidurus apus (Linnaeus, 1758), Triops cancriformis (Bose, 1801); 

Superorder: Diplostraca, Ordo: Spinicaudata, Species: Cyzicus tetracerus (Krynicki, 1830). 

Of the four branchipod species present, the status of “living fossils” is in the order Anostraca 

species Chirocephalus brevipalpis (Orhgidan, 1953) and in the order Notostraca Lepidurus 

apus (Linnaeus, 1758) and Triops cancriformis (Bose, 1801); Superordo: Diplostraca, Ordo: 
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Spinicaudata, Species: Cyzicus tetracerus (Krynicki, 1830). Of the four branchipod species 

present, the status of “living fossils” is in the order Anostraca species Chirocephalus 

brevipalpis (Orhgidan, 1953) and in the order Notostraca Lepidurus apus (Linnaeus, 1758) 

and Triops cancriformis (Bose, 1801). 

Anostraca 

Chirocephalus brevipalpis is a rare species (Figure 1), known only from a few localities in 

Romania and two areas in Serbia, and the find in Zasavica is the westernmost of this species 

and the only one south of the Sava and Danube rivers. Ch. brevipalpis is an early spring 

lowland species found from late February to mid-May. It inhabits shallow ephemeral waters 

with or without vegetation and floodplain forests [11]. Within the Reserve, it was found in 

several locations (depressions with water in the Valjevac pasture and in the forests of 

Valjevac, Jovača bara, ephemeral water in Sadžak, Prekopac, Zovik and Vrbovac), and the 

location where it is recorded regularly every year is the Valjevac pasture in depressions with 

water. 

 

 
Figure 1 Chirocephalus brevipalpis 

 

Lepidurus apus is a species with a very limited distribution in Serbia (Figure 2), found only 

in two localities in central Banat [12]. It inhabits clear waters with submerged vegetation, but 

also flooded forests. This is an early spring species and is found from February to April [13]. 

Within the Reserve, the species was found in a total of three localities (Crkvine, Neškovine 

and Jovača), of which two localities (Crkvine and Neškovine) are on the Batar tributary, of 

which the Crkvine locality is found in a riverbed with running water, and the other 

(Neškovine) in occasional the active part of the stream where ephemeral waters appear.  

 

 
Figure 2 Lepidurus apus 
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The finding of the species in the Batar tributary is unique because the individuals were 

found in running water [11]. Generally, L. apus is present in the western part of the Reserve, 

where it is found both in floodplain forests along the Batar tributary and in the ephemeral 

Jovača pond. Unlike other sites in Serbia where only females were found, bisexual 

populations were found here in Zasavica in all three habitats [14]. 

Triops cancriformis is a “living fossil” (Figure 3) originating from the Upper Cambrian 

over 500 million years ago (Dragana, M., 2014). It lives in shallow intermittent water habitats 

and has developed two characteristic features, the ability to reach sexual maturity in a short 

time and produce offspring and to survive in the period without water in the habitat in the 

form of resistant forms (in the form of dormant fertilized egg cells, so-called cysts). The 

species was found in 2020 at the Batar locality in a small puddle on a forest road in the mud, 

with ten individuals for the first time in Yugoslavia, Marinček (1961) registered the presence 

of the species Triops cancriformis (Bosc, 1801) near the village of Ečka near Zrenjanin 

(Banat, Vojvodina). Later, this species was discovered in many other localities, mostly in the 

Pannonian Plain in Serbia (e.g. Ritovi donje Potisje, etc.) and now neighboring countries, but 

also in Serbia south of the Danube (e.g. Stara planina). Only females were present in that 

collected material (Marinček, Petrov, 1994). Only in 1991 in the vicinity of the village 

Melenci, males of this species were found for the first time in Yugoslavia (Petrov, Cvetković, 

1996). The finding of this crayfish in Zasavica is new for Serbia and a new species for the 

Reserve. 

These species belong to an old development line of crustaceans originating from the 

Cambrian, when there was an explosion of the appearance of numerous organisms, which are 

considered the ancestors of the species that live on Earth today. The species Triops 

cancriformis was found in a place where hardly anyone even looks for life, i.e. it was found in 

a pond ten centimeters deep, with a layer of mud of a few centimeters, on a forest road, which 

was made by tractors when passing by. 

 

 
Figure 3 Triops cancriformis 

 

The species Lepidurus apus and Triops cancriformis are characterized by their complete 

development – emergence, mating, egg-laying and death, in a few days. It is interesting that in 

the period when there is no water in the habitat, these crabs survive in the form of resistant 

dormant embryos (cysts), which can survive in the substrate for several decades, even 

hundreds of years. The eggs that are there now and are very small are literally standing there 
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waiting for the right moment to emerge again. It could be next year, it could be in 50 years, it 

all depends on when all the optimal conditions for their appearance will coincide. 

Classes: Ostracoda 

Ostracods are “by far the most common arthropods in the fossil record” [15] with fossils 

found from the Early Ordovician to the present. Although they are usually small in size, we 

have an example of a large ostracod from the genus Herrmannina up to 3 cm long from 

Silurian deposits found on the eastern island of Saaremaa in Estonia. In addition to marine 

and freshwater sediments, ostracods have also been found in Baltic amber of Eocene age, 

where they arrived as they were probably deposited on trees during floods [16]. Ostracods are 

particularly useful for local or regional biozonation of marine strata, and they are invaluable 

paleoenvironmental indicators because of their widespread, small size, easily preserved, 

generally moulted, calcified shells, and valves are a common microfossil. 

So far, nine species of ostracods from eight genera have been discovered in the Reserve, 

namely: Candona aff. candida (O. F. Muller, 1776), Cypria ophthalmica (Jurine, 1820), 

Cyclocpris laevis (O. F. Muller, 1776), Cyclocypris ovum (Jurine, 1820), Eucypris virens 

(Jurine, 1820), Bradle-ystrandesia reticulata (Zaddach, 1844), Heterocypris incongruens 

(Ramdorh, 1808), Cypris pubera (O. F. Muller, 1776) and Ilyocypris sp. [10]. Although a 

widespread and common species on the Eurasian continent, with exceptional tolerance to 

different habitat conditions, the finding of Candona aff. candida in Zasavica is the first in 

Serbia [11]. In Central Europe, the species C. aff. candida appears in spring (March-April) 

and develops rapidly. The authors Hartmann and Hiller [17] consider it a permanent form in 

waters whose temperature does not exceed 18°C during the summer. In the Reserve, ostracods 

are mostly found in ephemeral waters in meadows or parched fields and ruts in a total of four 

localities (Batar, Sadžak, Valjevac and Jovača) and have drought-resistant eggs. They have 

mixed copulatory and parthenogenetic reproduction and newly born individuals, the ability to 

swim immediately. These biological attributes allow them to survive as successfully as 

possible in these habitats [18]. Among the recorded ostracods, the most common species in 

the Reserve is Cypris pubera [11]. The closest localities to Zasavica where these ostracods 

were found are in Srem on Fruška Gora [19]. According to Menković et al., the found 

ostracods from the genera Ilyocypris and Cyclocpris in the Reserve belong to the oldest early 

Holocene fauna. 

 

CONCLUSION 

In the fauna of the Zasavica Reserve, a total of 21 species of Macrocrustacea were 

recorded, and the status of “living fossils” belongs to organisms from the class Branchipoda, 

order Anostraca, and from the class Ostracoda, because they have not changed in evolutionary 

terms for hundreds of millions of years. Anostraca species Chirocephalus brevipalpis has the 

status of a “living fossil” and from the order Notostraca there are two species Lepidurus apus 

and Triops cancriformis. The species Chirocephalus brevipalpis is a rare species, whose find 

in Zasavica is the westernmost of this species and the only one south of Sava and Danube. 

The finding of the species Lepidurus apus in the Batar tributary is unique because the 

individuals were found in running water. The discovery of the species Triops cancriformis in 
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Zasavica is new for Serbia and a new species for the Reserve. So far, nine species of 

ostracods have been discovered in the Reserve, and the discovery of Candona aff. candida in 

Zasavica is the first in Serbia. 
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Abstract  

Textile industry wastewater is a significant source of pollution, often containing hazardous organic 

dyes like Crystal Violet (CV). Photocatalytic degradation using semiconductor materials such as 

titanium dioxide (TiO2) presents a promising solution for wastewater treatment due to its effectiveness 

in breaking down organic pollutants under UV irradiation. This study investigates the efficiency of 

TiO2 as a catalyst for the photodegradation of CV removed from textile wastewater. Experimental 

trials were conducted in a batch reactor under UV irradiation, with CV (20 ppm) and varying 

concentrations of TiO2 catalyst. Results revealed a significant reduction in CV concentration with 

increasing catalyst dosage (to 0.1 g/L) and irradiation time. The optimal conditions for maximum 

degradation efficiency were determined, highlighting the potential of TiO2 photocatalysis for textile 

wastewater treatment. Furthermore, the kinetics of CV degradation were analyzed to understand the 

reaction mechanism and rate. The degradation of the dye (20 ppm) was 98% for 95 min with 0.1 mg/L 

TiO2. This research contributes to developing sustainable and efficient methods for treating textile 

wastewater, addressing environmental concerns associated with dye pollution. 

Keywords: photocatalytic degradation, TiO2 catalyst, crystal violet, environmental 

remediation, UV-Vis. 

 

INTRODUCTION 

In the enormous panorama of environmental conservation, battling the persistence of CV 

dye in water systems, particularly those originating in the textile sector, appears as a major 

necessity. The textile industry is one of the major water users and pollutants, emitting 

effluents containing a variety of chemical elements, including bright dyes such as crystal 

violet [1]. These contaminants not only affect water quality, but also pose serious 

environmental and human health threats. This work conducts analysis, diving into the kinetics 
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of photodegradation to uncover the various routes of CV elimination post-purification 

techniques customized to textile industry wastewater. 

By studying photodegradation dynamics, we want to explain the underlying processes that 

influence dye removal efficiency and rate, which is critical for developing optimal purifying 

procedures. The use of sophisticated degrading methods, particularly photocatalysis using 

titanium dioxide (TiO2) catalysts, appears to be a potential approach to tackling the 

persistence of CV contaminants. TiO2 promotes the breakdown of organic molecules by 

combining light energy with catalytic activity, resulting in benign byproducts. Understanding 

photodegradation kinetics not only improves our understanding of purification processes, but 

also influences the development of novel solutions for effective pollution remediation. 

In summary, this work seeks to traverse the complex relationship between textile industry 

wastewater and crystal violet dye persistence, offering information on the kinetics of 

photodegradation as a critical component of environmental rehabilitation.  

 

MATERIALS AND METHODS 

Materials  

The following materials were used in photodegradation processes: catalyst TiO2 (Sigma-

Aldrich, Germany), hydrochloric acid (HCl, Alkaloid, Macedonia), The crystal violet solution 

(20 ppm; 20 mg/L) was made using a standard manufactured by Merck, Germany. Double 

distilled water was used for all studies.  

Crystal violet (CV) 

Crystal violet (C.I. Basic Violet 3, C25H30ClN3) is a synthetic azo dye that is used mostly in 

the textile industry, as a dyeing agent (Figure 1) [2]. 

 

 
Figure 1 Structure of cationic dye crystal violet 

 

Despite its widespread use, crystal violet threatens human health and the environment. 

Prolonged exposure to crystal violet, especially through skin contact or inhalation of its 

vapors in work environments such as textile factories, can lead to dermatitis, allergic 

reactions, and respiratory problems. Some studies have suggested potential carcinogenic 

effects of crystal violet, although further research is needed to confirm these findings [3,4]. 

However, it is important to note that while crystal violet is effective for dyeing textiles, it 

can also pose environmental concerns when wastewater containing the dye is discharged 
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untreated [5]. Crystal violet is not readily biodegradable and can persist in aquatic 

ecosystems, potentially causing harm to aquatic organisms and disrupting the balance of 

aquatic ecosystems. 

Therefore, proper wastewater treatment methods should be implemented to remove crystal 

violet and other dye pollutants before discharge to minimize environmental impact. 

Photocatalytic process 

The photocatalytic degradation of organic dyes using commercial TiO2 as a catalyst has 

emerged as a powerful technique for environmental remediation. Harnessing the unique 

properties of TiO2 and the energy of sunlight, the photocatalytic process offers a sustainable 

and effective method for the removal of CV from wastewater. 

The photocatalytic degradation of CV with TiO2 involves a series of steps driven by the 

interaction between the catalyst, the dye molecules, and light. When TiO2 is exposed to UV 

irradiation, it absorbs photons with energy equal to or greater than its bandgap, generating 

electron-hole pairs [6,7]. These energetic charge carriers migrate to the surface of TiO2, where 

they participate in redox reactions with adsorbed species, including oxygen and water 

molecules. 

Several factors influence the efficiency of the photocatalytic degradation of CV, including 

the characteristics of the catalyst, such as crystalline phase, surface area, and particle size. 

Additionally, parameters such as pH, temperature, catalyst and dye concentration, and light 

intensity play crucial roles in determining the rate and extent of CV degradation. Optimization 

of these parameters is essential to maximizing the efficiency of the photocatalytic process.  

The photocatalytic tests in this study with a dye concentration of 20 mg/L were conducted. 

For initial experiments, 0.05 g/L and 0.1 g/L of catalyst were added to the photocatalytic 

reactor together with 150 mL of pollutant solution (pH=6.2). The mixed dye and catalyst were 

allowed to stir in the dark for 30 min to homogenize the suspension (150 rpm), after which the 

solutions were exposed to 588 nm radiation for the time required for complete degradation. 

After every 15–20 min 2.0 mL of the solution was taken, passed through PVDF 0.22 µm pore 

syringe filters, and measured using UV-Vis spectrometry (Shimadzu UV-1800, Japan). 

Photocatalytic experiments were performed in a doubled-wall quartz glass reactor (Figure 2). 

For irradiation of pesticide solutions, an Osram Ultra Vitalux lamp nominal wattage of 300 W 

(UVA:UVB=13.6:3), was used.  

 

 
Figure 2 Reactor system used for experiments 
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RESULTS AND DISCUSSION 

The removal of textile crystal violet (Figure 1) from wastewater using a commercial TiO2 

catalyst (Figure 3) and UVA/UVB lamp was studied as simulated sunlight radiation. In the 

absence of UV-Vis radiation and the catalyst, the degradation process was not observed. The 

efficiency of the photocatalytic process will decrease if the initial concentration of the 

substrate increases because the number of adsorbed CV molecules on the surface of the 

catalyst increases [8]. 

 

 
Figure 3 SEM image of TiO2 catalyst 

 

After reaching the adsorption equilibrium, in the presence of UV, the rate of CV dye 

degradation was higher (98%) using a higher catalyst concentration (0.1 g/L) after 95 min, 

which is attributed to the large surface area of the catalyst and high absorbability (Figure 4). 

By using half the TiO2 concentration, the maximum degradation was 10 min later, after 105 

min. 

 
a) b) 

 
Figure 4 Kinetics of photocatalytic CV degradation using: a) 0.05 g/L; b) 0.1 g/L TiO2 
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The mechanism of TiO2 activation by UV light and photosensitized oxidation for CV, as 

well as the identification of intermediate products, is presented in the work of Sugashini et al. 

[9]. 

 

CONCLUSION 

The photocatalytic degradation of crystal violet dye using TiO2 catalysts was investigated. 

This method holds immense potential for various environmental and industrial applications, 

including wastewater treatment, pollutant remediation, and the development of sustainable 

technologies. Continued research efforts are focused on designing advanced photocatalytic 

materials, reactor configurations, and optimizing processes to enhance efficiency, selectivity, 

and scalability for the removal of organic dyes and other contaminants from water resources. 

In conclusion, the photocatalytic degradation of crystal violet with TiO2 represents a 

promising approach for addressing dye pollution challenges and advancing towards a cleaner 

and healthier environment. By harnessing the power of sunlight and the catalytic properties of 

TiO2, this process offers a sustainable and effective solution for remediating                           

dye-contaminated wastewater streams. 
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Abstract 

Geogrids, with all their specificities and type of purpose, differ primarily in the type of material they 

are made of and the way they are made. There are geogrids that are made of synthetic materials, 

geogrids made of natural materials, and a hybrid type of geogrid, which combines the materials and 

characteristics of the first two types. 

A special part of this scientific field that deals with the use of new materials, the possibility of 

combining them, the type of production and the value of use refers to geogrids and geotextiles made of 

combined building materials. This type of geogrid would be obtained by crossing bundles of natural 

materials (organic) and bundles of synthetic fibers (used in geosynthetics). 

By combining these types (types of materials) of geogrids (and geotextiles) in the form of a kind of 

hybrid technology for the production of these products, we obtain useful parameters suitable in the 

field of environmental protection and the required mechanical and temporal usability. 

In this paper, we will call such type of geogrids hybrid geogrids. 

Seemingly contradictory requirements, by applying these “hybrid geomaterials”, can be effectively 

fulfilled. 

Keywords: geogrids, geotextile, geosynthetics, hybrid geogrids, hybrid materials and natural 

vegetation. 

 

INTRODUCTION 

A special part of the field of application of geomaterials is represented by geogrids and 

geotextiles, made of organic material (from nature), which, with some variations in the use of 

construction material, is the main topic of this paper. Organic geogrids have unique 

characteristics consisting of biologically and chemically degradable natural fibers. They are 

designed to hold the soil in place until natural vegetation is established. On the other hand, 

geogrids and geotextiles made of synthetic materials have much greater strength, elasticity 

and durability [1–4]. 

Geogrids provide tensioning for: various types of landfills, foundations and foundations of 

railway lines and roads, steep sided earth embankments, earth reinforcement of earth 

embankments, transfer of loads on extreme mass terrain, arrangement of deep holes and areas 

of irregular profiles, covering of trenches and lathes, etc... 

With their tensile strength, geogrids are suitable for many different demanding projects. 

This type of geo-grids are excellent reinforcement elements, as they withstand high tensile 
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loads with very little elongation. This results in immediate connection and coupling of the 

forces that the geogrid develops on the embankment without basic deformation. 

The flat monolithic polymer sheets used to make geogrids are extremely strong and have 

excellent chemical resistance. Engineering solutions that include the use of geogrids can 

preserve natural mineral resources by reducing the thickness of the roadbed and the need for 

large amounts of soil to stabilize steep slopes. 

Geogrids are relatively easy to manage, large quantities of this material can be installed 

quickly with minimal labor and lower installation costs. The geogrid can be installed in all 

weather conditions without demanding equipment or special construction techniques. 

By crossing (combining) these types (materials) of geogrids (geotextiles) in the form of a 

certain hybrid technology for the production of these products, we obtain usable parameters 

suitable in the field of environmental protection and the necessary mechanical and temporal 

usability (durability). 

These contradictory requirements, using hybrid geomaterials, can be effectively fulfilled 

[3,4]. 

 

TYPES OF GEOGRIDS 

Geogrids - materials, differences and types 

Geosynthetics are synthetic products used to stabilize terrain (Figure 1). They are mainly 

polymer products that are used to solve construction or mining problems (there are also 

various, other uses). These include eight main product categories: geotextiles, geogrids, 

geonets, geomembranes, geosynthetic clays, geofoam, geocells and geocomposites. The 

polymer nature of the products makes them suitable for use in the country where high levels 

of durability are required. They can also be used in exposed applications. Geosynthetics are 

available in a wide range of shapes and materials. These products have a wide range of 

applications and are currently used in many civil, geotechnical, transportation, 

geoenvironmental, hydraulic and private development applications, including roads, airports, 

railways, embankments, retaining structures, reservoirs, canals, dams, erosion control, 

landfills, landfills, mining and agriculture. 

 

 
Figure 1 Setting up the geogrid 
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Geosynthetic products are usually divided according to the type and purpose, as well as the 

materials from which they are made. According to the type of product, geosynthetics are 

available in the form of: geogrid, geotextile, geomembranes, geocomb, geosynthetic clay and 

other types (type and subtype) of products. 

The basic division that interests us here is, according to the material of manufacture, into 

synthetic and natural (organic). 

In addition to stabilizing and strengthening weakly load-bearing soil, geogrids are also 

used to reinforce asphalt by placing them between layers of asphalt or between soil and 

asphalt. The geogrid absorbs the forces and prevents the creation of cracks on the newly laid 

asphalt layer. A third important purpose of geogrids is protection against soil erosion. For this 

purpose, there are two-dimensional geogrids that have small mesh openings and three-

dimensional geogrids. 

The use of anti-erosion geotextiles can increase and support the effect of erosion control in 

areas with particularly steep slopes or in substrates subject to erosion [1,3,5,7]. 

Organic geogrids 

Organic geogrids are more flexible than most types of synthetic geogrids. This allows them 

to easily follow the contour of the soil surface. The ability to make direct contact between the 

fibers and the soil and allow the bond between them to develop allows for a reduction in soil 

loss by 90% or more. 

In addition to the above, organic geogrids act as "mulch" and thereby improve the 

establishment of vegetation. After degradation, they do not leave any toxic material. 

Geo-grid made of jute - annual plant that requires a very warm climate and a lot of 

moisture. Jute material geogrids is used to cover slopes and protect against erosion (Figure 2). 

Jute yarn is thick with pronounced 3D characteristics and provides numerous obstacles, thus 

reducing the speed of water runoff. Jute netting stops movement of soil clearings. Jute netting 

has an excellent ability to shape and follow the contours of the soil on which it is placed. It 

absorbs water up to almost 4–5 times its dry weight, keeping water from rain and preventing 

soil separation. In wet conditions, its flexibility increases due to water absorption. Jute grids 

provides surface stability on steep slopes and slopes at an angle of about 45 degrees. When 

the vegetation starts to grow, it takes over the role of the jute net. It takes about 2 years for 

jute netting to biodegrade [4,6,7].  

Coconut – Geogrids, geotextil, geocomposites, etc., made of organic material – coconut is 

a natural and 100% biodegradable solution for landslide control using a geomaterial base 

made of coconut fibers. The permeable geotextile provides a natural support system 

(improvement of characteristics) to the soil and vegetation. Coconut fiber is obtained from the 

husk of the coconut. They are naturally strong, durable and biodegradable. 
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Figure 2 Geogrid made of jute 

 

Coconut fibers are very strong and form a very strong and durable network. The open 

weave allows seed and vegetation to be planted both before and after the mat is laid and offers 

strong support to the vegetation. The lifespan of a coir mat is four to six years. A period 

sufficient for consolidation by consolidation. After that time, the mat slowly biodegrades. 

This geogrid has high tensile strength (35 kN/m) and elasticity and can be installed even on 

very steep slopes of around 70 degrees. On steep slopes, which are more prone to erosion, an 

organic geogrid can be installed in combination with metal grids. Once vegetation is 

established, organic geogrids no longer serve as protection. The metal mesh remains 

permanently as active or passive tilt protection. The geogrid can be placed up to 60 degrees, 

with the support of a metal grid, while the coconut geogrid combined with metal can also be 

placed on vertical slopes [4,6,7]. 

Synthetic geogrids 

The polymeric nature of geosynthetics makes them suitable for use in earth where high 

levels of durability are required. 

Plastics represent a group of materials of organic origin that are made of a binder polymer 

component and various additives, such as: hardeners, plasticizers, stabilizers, pigments... For 

the strength and resistance of polymers, the molecular weight is the most important. As 

molecular weight increases, strength, elongation, impact resistance, thermal stability, tear 

resistance increase, and rheological properties and workability decrease. Thermoplastics are 

most often used for the production of geotextiles: polyethylene (PE), polypropylene (PP), 

polyester (PES) and polyamide (PA). Thermoplastics are used for the production of 

geomembranes: polyethylene (PE and HDPE), polypropylene (PP), polyvinyl chloride (PVC) 

and elastomers. Elastomeric geosynthetics include artificial rubber geomembranes. at the 

basis of its name. When talking about the durability or stability of geosynthetics in the long 

term, it should be taken into account that increasing the thickness of threads, fibers or 

products automatically increases resistance [2,3]. 
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MATERIALS AND MANUFACTURING OF GEOGRIDS 

Types of materials - fibers 

Primary fiber properties 

In order for the fibers to be further processed into more complex textiles (materials) and 

for the final products to meet their intended purpose, the fibers must meet certain 

requirements. Some characteristics reflect the behavior of fibers under the influence of 

external forces and influences. Mechanical properties (characteristics) describe the behavior 

of fibers under the influence of different types of forces and loads. In order to find out the 

strength of the fibers, the maximum force that the fiber can withstand is measured - breaking 

force [cN]. Different types of fibers vary significantly in strength. Table 1 shows the strength 

values of fibers - building material (geogrid) under normal conditions (environmental 

influence). 

 

Table 1 Fiber strength under normal conditions [3,7] 

Fiber  
Strength 

[cN/dtex]  
Fiber  

Strength 

[cN/dtex] 

Raw cotton 3.0–4.9  Viscose – standard type 0.7–3.2 

Linen 2.6–7.7  Viscose – HWM type 2.5–5.0 

Hemp 5.8–6.8  Polyester (PES)  4.6–9.5 

Jute 3.0–5.8  Polyamide (PA)  2.5–8.3 

Ramya  5.5  Acrylic (PAN)  2.0–4.5 

Silk 2.4–5.1  Modacrylic (MAC)  2.5–3.5 

Wool 1.0–1.7  Polypropylene (PP)  3.0–7.5 

 

Physical properties represent the response of fibers to various external physical influences, 

such as the effect of heat, various types of radiation, atmosphere, etc. Another type of 

characteristics is related to the appearance of the fiber, its dimensions and surface 

characteristics. These properties are very specific to fibers - as a form of material, but also 

different and characteristic of certain types of fibers. The characteristics of this group are also 

important for workability and based on them numerous differences in the behavior of textile 

products in application arise. Behavior during the action of chemical agents is important for 

the implementation of various physicochemical processes, and resistance to certain chemicals 

is an important characteristic. It is usual for numerous characteristics of fibers, which depend 

on the possibility of their processing and suitability for a certain purpose, to be classified into 

two groups: primary and secondary properties [4,6,7]. 

Origin of fibers 

According to the origin, all fibers can be classified into two groups - the group of natural 

and the group of artificial fibers. Within their group, natural fibers are divided according to 

the type of natural source in which the fiber is formed, and in the group of artificial fibers we 

distinguish fibers from organic polymers and fibers made from inorganic material. Organic 

polymer fibers are usually further classified according to the origin of the polymer, where it is 

important to distinguish man-made fibers from natural polymers and man-made fibers from 

synthetic polymers [4,7]: 
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• Natural fibers: - Plant fibers: fibers from seeds, fruits, bark and leaves; - animal: hair, 

wool and silk and - mineral: asbestos. The main component of plant fibers is cellulose; 

• Artificial fibers: artificial silk: viscous copper nitrate and nitrate, copper, acetate;              

- cellulose wool and - protein fibers: animal and vegetable; 

• Synthetic fibers: polymerization and polycondensation. 

Application and durability of hybrid types of geogrids 

Surface erosion can cause damage and instability that can lead to failure/sliding of the 

landfill cover. Erosion can occur due to atmospheric and wind action. For situations where 

there is less risk of erosion, even the vegetative cover is sufficient in itself as protection. 

Geosynthetics can be used to support the development of vegetation of this type, in the form 

of synthetic or natural materials that are placed on or below the surface of (mining) waste 

disposal sites. The natural (organic) type of usable fiber allows for the planting of seeds and 

vegetation both before and after the installation of the geogrid and offers strong support to the 

vegetation. 

Once vegetation is established, organic geogrids no longer serve as protection. This is 

where synthetic materials in geogrids come in, which significantly improve tensile strength 

and permanent active and passive protection - strengthening the slope of the landfill. 

The lifetime of organic - plant fibers in the geogrid varies, mostly, in the range of 3–4 to 10 

years. The lifespan of synthetic fibers is very long and generally exceeds 100 years. 

To some extent, this makes a compromise, but very applicable (efficient) and 

environmentally friendly solution for the creation of protective geogrids (hybrid type of 

geomaterial) [4,6,7]. 

 

CONCLUSION 

Geosynthetics has proven to be the most effective material for wide application. Its 

building elements provide multi-purpose use in civil engineering, construction, mining and 

environmental protection. 

Organic geogrids are a non-polluting biodegradable solution for erosion control using 

natural geomaterials. Hibrid type of eogrids provide a natural support system to soil and 

vegetation. 

The installation of these efficient systems (geogrids, geotextiles, geomembranes...) in 

various branches of application in mining, construction and various types of industry, makes 

an inseparable connection with ecological parameters and their usefulness directly depends of 

the building materials used. 

An acceptable solution for savings in cases where an efficient result is needed, both 

ecologically and in terms of safety, protection on the ground, is a hybrid approach to the use 

of gomaterials (geogrid, geotextile, etc.). By using different materials, by crossing organic 

and synthetic materials, in the production of geogrids or geotextiles, we can solve seemingly 

contradictory requirements in their application [4]. 

A special review is directed towards the use of new natural materials and the application of 

hybrid technology for the production of geomaterials. 
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Abstract 

The traditional approach to supply chains is based on the principles of linear economy and is depicted 

as a one-way flow of materials and information. Given the change in the global and European context 

and the need to contribute to mitigating the adverse effects of climate change, this approach to supply 

chains is not acceptable. All the more so as waste and harmful emissions into the environment occur 

at every stage of the supply chain and all logistics processes. For this reason, a modern approach to 

supply chains based on the principles of the circular economy is necessary. The scope of the paper is 

the process of transition from a traditional to a modern approach of supply chains based on the 

principles of circular economy. The author researches this complex process using the methods of 

scientific cognition. The result of this transition are supply chains that are based on: the feedback of 

materials and information, the principles of the circular economy and the life cycle of products, that 

contributes to sustainable development through continuous improvement of processes and products. 

Keywords: modern approach to the supply chain, circular economy, product life cycle. 

 

INTRODUCTION 

The importance of the normal development of the supply chain (SC) is best understood in 

situations where circumstances occur that cause disruption or interruption in the development 

of the SC. There have been more such circumstances in recent times. The terrorist attack in 

New York in 2001, the emergence of the SARS disease, the war in Iraq in 2003, the economic 

crisis starts in 2008, the eruption of the Ejafjalajökull volcano in Iceland, the corona virus 

pandemic (COVID-19) in 2019/2020 marked as a new respiratory disease [1,2] 

The change of context in recent times was also influenced by other circumstances, which 

caused significant disruptions in the development of global SCs, namely the blockade of the 

Suez Canal due to the stranding of the ship Ever Given in 2021 [3] and the war in Ukraine, 

[4,5] the war in the Middle East that began in 2023, terrorist attacks on merchant ships in the 

Red Sea in 2024. The change in context caused a completely new view of the development of 

SCs, reversed processes in relation to the period 40 or 50 years ago, the need for a more 

flexible interpretation of some quality concepts. The changes are significant and have led to a 

new paradigm in the development of global SCs [6]. 
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MATERIALS AND METHODS 

The scope of the paper is the process of transition from a traditional to a modern approach 

of SCs based on the principles of circular economy. The author researches this complex 

process using the methods of scientific cognition. In particular, this refers to the method of 

analysis when presenting the SC structure, the method of comparison when researching the 

differences between the traditional approach to SC based on the principles of the linear 

economy, on the one hand, and the modern approach to the SC based on the principles of the 

circular economy, on the other hand. The definition method was applied in detail in defining 

SC in accordance with international ISO norms, etc. The synthesis method was applied when 

formulating the final research results and drawing conclusions. The hypothesis with which the 

research was started reads: The transition from the traditional SC approach to the modern SC 

approach implies the application of the principles of the circular economy. 

 

RESULTS AND DISCUSSION 

Definitions of SC are numerous. Only a few will be listed here. But, regardless of the 

nuances in the definitions of SC, it is evident that all the definitions contain common elements 

such as: 1) two or more organizations that are participants in SC, 2) linked set of resources, 3) 

raw material purchasing, production, storage, distribution, retail to the end users, 4) logistic 

processes, 5) sourcing of raw material and extends through the delivery of products to the end 

users, 6) modes of transportation. 

Definition of supply chains 

According to ISO 28001:2007: “The SC is linked set of resources and processes that upon 

placement of a purchase order begins with the sourcing of raw material and extends through 

the manufacturing, processing, handling and delivery of goods and related services to the 

purchaser. The SC may include vendors, manufacturing facilities, logistics providers, internal 

distribution centers, distributors, wholesalers and other entities involved in the manufacturing, 

processing, handling and delivery of the goods and their related services” [7]. 

World ISO standards provide several more definitions of SC. According to ISO 

22095:2020: “The SC is series of processes or activities involved in the production and 

distribution of a material or product through which it passes from the source. A SC is 

typically composed of a series of different organizations” [8]. 

 Furthermore, ISO/PAS 5112:2022 states: “The SC is set of organizations with a linked set 

of resources and processes, each of which acts as a customer, supplier, or both to form 

successive supplier relationships established upon placement of a purchase order, agreement, 

or other formal sourcing agreement” [9]. 

“The SC is a system of organizations, people, activities, information and resources 

involved in transforming materials and knowledge in a product or a service for the customer”, 

according to ISO/TS 22163:2017 [10]. Furthermore, ISO 10377:2013 states: “SC is a network 

that designs, manufacturers, imports, distributes and sells a product” [11]. 

In some definitions of SC, logistics processes are explicitly mentioned. Thus ISO 

13065:2015 stated: “The SC is a linked set of resources and processes that begins with the 

sourcing of raw material and extends through transport and storage of products to the end 
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user. The SC may include raw material producers, vendors, manufacturing facilities, logistics 

providers, internal distribution centers, distributors, wholesalers and other entities that lead to 

the end user” [12]. 

In some definitions of SC, transport is explicitly mentioned, such as in ISO 28002:2011: 

“The SC is a linked set of resources and processes that begins with the sourcing of raw 

material and extends through the delivery of products or services to the end user across the 

modes of transport” [13]. ISO 20333:2017 provides a definition that says: “The SC is a linked 

set of resources and processes that begins with the sourcing of raw material and extends 

through the delivery of products or services to the end user across the modes of transport” 

[14]. Finally, “The SC is a flow of goods, services and information from suppliers, through 

transportation, producers, distributors, and retailers to the final customer” [15]. 

Despite changes in the context and disruptions in SCs, customers, as well as other 

interested parties, find it difficult to give up their usual demands for the quality of products 

and services. This is a significant problem that many participants in SCs should try to solve. 

The normal development of SCs is important to maintain the balance between global supply 

and demand. If there is a significant disruption of this balance, numerous consequences arise 

for participants in the global economy, such as: 1) shortages of vital products,                               

2) strengthening of the black market, 3) rising prices, 4) crime, 5) conflicts, 6) in extreme 

cases wars, when it comes to strategic products like food, energy, medicines, etc. 

Traditional approach to supply chain 

The traditional SC approach is characterized by the one-way movement of materials and 

products, from the procurement of raw materials and materials for production, production, 

storage, transportation, distribution to the final consumer. The vehicle transports the products 

from the manufacturing stock to the purchasing warehouse [15]. In the representation in 

Figure 1, in addition to the one-way movement of materials and products, there is also a one-

way movement of information, from the end user, back to the suppliers of raw materials. Also 

in Figure 1, it is not visible that transport connects all phases of SC from beginning to end, 

and within the framework of the production phase and the storage phase, we can also talk 

about the so-called internal transport.  

The following significant shortcoming of this presentation is the fact that it does not show 

the creation and management of waste, which is characteristic of all stages in SC, not only 

those used by the end user. 

 

 
Figure 1 Traditional approach to supply chain 
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This representation of SC is based on a linear economy characterized by one-way 

movement of materials and information. The need and requirements of sustainable 

development are not taken into account. Such an approach is not sustainable in the modern 

economy, which, among other things, should be based on the principles of sustainability and 

social responsibility. 

For this reason, the SC approach should undergo a radical transformation and transition 

and should take into account the principles of sustainable development and social 

responsibility, as well as the increasingly strong requirements and institutional framework that 

advocates for environmental protection. 

Modern approach to supply chain 

“For a modern approach to the interpretation of SC, it is necessary to understand the need 

for the existence of a feedback. Namely, the traditional SC approach is characterized by one-

way movement from raw materials, procurement of raw materials, production, storage and 

distribution to the end users. SC was considered to end with delivery to the end user. 

However, practice teaches that the modern SC approach also implies the existence of a 

feedback, because the consumption of the product by the end user creates waste. Also, waste 

is produced in all stages of SC, from the exploitation of raw materials to delivery to the end 

user. This waste must not be dumped into the environment, as has been the case throughout 

most of human history. 

 

 
Figure 2 Modern approach to supply chain 

 

According to the principles of the circular economy, waste should be selectively collected, 

recycled and partially reused as raw material in a new production cycle. In this way, the need 

to exploit natural resources is reduced. Part of the waste that cannot be recycled for 

technological reasons must be permanently disposed of in a harmless manner, in accordance 

with the law” [16]. The modern approach to SC is shown in Figure 2. 
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Figure 2 Circular economy flow 

 

For the transition from a traditional to a modern SC approach, it is necessary to apply the 

principles of circular economy: 1) product designing without waste and pollution, as possible, 

2) using products and materials in use as much as possible, 3) repair and reuse products and 

materials, 4) rational consumption of resources, 5) permanent disposal of material that cannot 

be recycled, in a legal and harmless way. Applying the principles of the circular economy in 

the development of SCs ensures: 1) feedback of materials, 2) feedback of information. The 

modern approach to SC is based on another important concept, which is to look at the product 

through its entire life cycle. 

 

CONCLUSION 

The smooth running of the SC is important for the stability of the economy of the society 

at all levels: 1) the micro level of the organization, 2) the level of the national economy, 3) the 

global level. In everyday life, a numerous circumstances arise that change the context of the 

development of SC and may affect disruptions in the development of SC or their interruption, 

which will cause an imbalance between supply and demand occurs with all the negative 

consequences for the economy and consequently the quality of life of people. SC is a complex 

phenomenon, and it is not possible to understand it and manage it well if it is viewed as a one-

way movement of materials and products, independent of the impact on the environment. For 

this reason, it is necessary to make a transition from the traditional SC approach to a modern 

SC approach, where it is necessary to apply the principles of the circular economy. For this 

complex process of transition to the SC approach, it is necessary to look at the product 

through its life cycle. Based on the research results presented in the paper, the hypothesis set 

at the beginning of the paper, can be accepted. 
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Abstract  

Municipal solid waste (MSW) management represent important environmental issue, especially in 

countries in transition and developing countries. While developed countries made progress and 

achieved good results with different MSW practices, countries in transition still struggle to be 

effective. Tha aim of this paper is to analyze and present the situation of MSW management in Serbia, 

with case study of Novi Sad, and to understand what weakness needs to be overcomed as a 

prerequisite for improvement. The methodology integrates literature data with material flow analysis 

(MFA) to analyse and evaluate the current scenario. Additionally, recommendations for future actions 

to improve current waste management system in Novi Sad are disscused.  

Keywords:  municipal solid waste, waste management, MFA, transition country. 

 

INTRODUCTION 

The rapid expansion of urban areas, together with population growth and economic 

progress, has led to a significant increase in production of municipal solid waste (MSW). 

Currently, more than half of the global population lives in cities, contributing to the 

generation of approximately 2.01 billion tons of municipal waste in 2016, with projections 

suggesting a staggering 3.40 billion tons by 2050 [1]. 

The predominant method of MSW disposal remains landfilling, accounting for 37% of 

waste globally. Of this, 8% is directed to sanitary landfills equipped with gas collection 

systems. Open dumping constitutes approximately 33% of waste disposal, while 19% 

undergoes recycling and composting, and 11% is incinerated for final disposal [2]. The 

handling of MSW comes with environmental consequences, with an estimated 1.6 billion 

tonnes of carbon dioxide (CO2) equivalent greenhouse gas emissions attributed to solid waste 

treatment and disposal in 2016. These emissions, largely driven by open dumping and 

landfilling without gas capture systems; represent around 5% of global emissions. Without 

intervention, these emissions are forecasted to escalate to 2.6 billion tonnes of CO2-equivalent 

annually by 2050 [2]. 

 Past research has pinpointed key factors influencing waste management systems. Hazra 

and Goel [3] highlighted issues like improper bin collection systems, aged vehicles, and 

inadequate infrastructure, which hinder collection and transport practices. Tadesse et al. [4] 
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found that limited waste containers and distant recycling bins contribute to open dumping. 

Conversely, Gonzalez-Torre and Adenso-Diaz [5] noted that proximity to recycling bins 

encourages household separation of waste fractions. Regulatory support, financial backing for 

recycling initiatives, and organizing the informal sector are factors that influence 

municipalities' recycling habits [6]. However, Burntley [7] has pointed out that municipalities 

often struggle with organizational, financial, and logistical challenges in implementing 

efficient waste management systems. 

In countries transitioning, challenges persist due to outdated technologies, insufficient 

resources, and lax enforcement of regulations [8]. Support from local authorities, coupled 

with robust legal frameworks and strategic planning, as well as accurate waste management 

data, can enhance waste management systems [9]. 

 

MATERIALS AND METHODS 

The exsiting waste management system is described in terms of government laws and 

regulations, waste generation and composition, waste collection methods, and waste treatment 

and disposal. This is done through available research studies, reports, statistical data, 

legislation and other public documents. Additionally, material flow analysis (MFA) was used 

to model mass balance within MSW management systems in Nov Sad, where 2019 is taken as 

the reference year based on available data. The method used to estimate the uncertainty of the 

data is presented and modified by Lanner et al. [10] and based on the approach of Hedbrant 

and Sorne [11]. The data sources are divided into five levels of uncertainty and the 

corresponding coefficients are assigned variations. Coefficients of variation depend on the 

data source: 15% for data from of national official statistics for the year for which the 

research is carried out, 30% for data from national official statistics with a deviation of 1–5 

years from the selected year, 45% for data from scientific literature that are not related to 

observed country, 60% for information obtained from the plant operator and 75% for expert 

assessment. 

 

RESULTS AND DISCUSSION 

Legal and institutional framework 

The EU directives provide a comprehensive framework for member states to implement 

measures promoting reuse, industrial symbiosis, and sustainable waste management practices. 

By defining targets and obligations, these directives guide Serbia and other EU candidate 

countries in achieving environmental sustainability and resource efficiency. Key provisions 

within the directives include the establishment of extended producer responsibility programs 

for packaging waste, limiting landfill disposal of municipal waste to 10% by 2035, and 

prioritizing waste prevention, particularly food waste reduction. Additionally, the directives 

emphasize the importance of improving the quality of secondary raw materials, separate 

collection of hazardous waste, and promoting reuse of construction and demolition waste 

[12]. 

In the Republic of Serbia, key regulations governing waste management include the Waste 

Management Program in the Republic of Serbia for the period of 2022–2031 (2022), The Law 
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on Waste Management (2018), the Decree on Waste Landfilling (2010), and the Law on 

Packaging and Packaging Waste (2018). Responsibilities in waste management are divided 

between the National and local self-government. While the Republic is tasked with legislative 

frameworks and fostering public awareness, local authorities oversee enforcement and 

provision of waste management conditions. However, municipalities often struggle due to 

financial constraints and regulatory inconsistencies [12]. 

The Law on Waste Management comprehensively covers waste types, classification, 

planning, responsibilities, permits, financing, and supervision. Municipalities must develop 

local and regional waste management plans to address their specific needs and objectives. For 

instance, within the Regional plan for Novi Sad, goals include establishing sanitary landfills, 

incinerating organic waste, treating hazardous waste, and promoting recycling. 

Supplementing the Law are decrees like the Decree on Waste Landfilling, which sets 

standards for landfill selection, operation, and waste acceptance. Despite alignment with EU 

directives, Serbia's targets for landfilling biodegradable waste are on a delayed timeline. The 

Law on Packaging and Packaging Waste introduces extended producer responsibility, aiming 

to reduce packaging waste and promote recyclable materials. Its enactment marks a 

significant step forward in modern waste management practices [12]. 

Waste generation and composition 

In Serbia, data on municipal waste are submitted by public utility companies or other 

companies that have a contract with the local self-government to perform these activities. In 

accordance with the Rulebook on the methodology for collecting data on composition and 

quantities municipal waste on the territory of the local self-government unit (Official Gazette 

of RS, No. 61/2010, 14/2020) local governments are obliged to perform quantity analyses 

four times a year and composition of municipal waste on its territory. In 2019 total amount of 

generated MSW in Serbia was 2.35 million tons with the average of 0.92 kg/inhab/day. Based 

on data provided by the companies responsible for waste collection in region of Novi Sad, 

amount of municipal solid waste that ended up at the landfill in 2019 was 198,035 tonnes, or 

543 t/day. From this amount, 135,700 tonnes (372 t/day) were collected in the city of Novi 

Sad. Most of this waste is mixed municipal domestic and commercial waste, while smaller 

part makes waste from cleaning the public spaces and bulky waste [13]. 

The composition of household waste in the city of Novi Sad is given in Table 1. 

 

Table 1 Waste composition in Novi Sad 

Waste 

component 

Garden 

waste 

Bio-

degradable 

Paper and 

cardboard 
Glass Metal Plastic Textile Leather Other 

(%) 12.14 37.62 11.47 5.44 1.38 12.73 5.25 0.4 13.57 

 

Most of the generated waste in Novi Sad makes biodegradable (37.62%) followed by 

plastic (12.79%) and paper and cardboard (11.47%). High percentage of garden, as well as 

total biodegradable waste indicate the need to consider recovery options or treatments of that 

kind of waste to reduce the disposal of biodegradable waste in landfills. The relatively large 

amount, as well as the expected increase in waste production will have a negative impact. 
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MSW collection system 

The collection of MSW in Novi Sad is based on the collection of mixed waste. In the inner 

city core, where underground containers were implemented, a two-stream separation system 

was introduced (mixed recyclable and residual waste) (Figure 1). 

 

 

Figure 1 MFA of the municipal waste management in Novi Sad, 2019 

  

Collection is performed by a public municipal company (PUC) “Čistoća”. According to 

latest data, service coverage is 100% (the population covered by waste collection services is 

341,625 and number of covered households is 128,876). For the collection of municipal 

waste, PUC “Čistoća” uses standard plastic bins with a volume of 120 l (51,176 pieces), 

containers with a volume of 10 m
3
 (7 pieces), 5 m

3
 (97 pieces), 1,100 m

3
 (4,342 pieces), roll 

containers (17 pieces) and underground containers (882 pieces). Municipal waste in the 

territory of the City of Novi Sad is collected 7 days a week, in three shifts [13]. Although the 

current collection is mostly based on a collection of mixed waste, company in November 

2016 implemented a pilot project for the introduction of primary waste separation for about 

15,000 households. This is done in wider city centre and for this purpose 75 underground 

containers for collection of the dry recyclable fraction were installed. According to the data of 

PUC “Čistoća”, currently around 2,910 t of waste is collected annually through the primary 

separation system.  

The fees that citizens pay for waste management are different between the municipalities 

and there is no uniform method for charging among the MSW collection companies. In Novi 

Sad, fee is defined by the number of inhabitants per household. For economic entities, 

payment is in most cases performed per square meter, and the fee can vary depending on the 

type of industry or business sector or based on the type of collection activities performed. 

According to available data, fee for each inhabitant is around 10 € per year, while for private 

business and industry fee varies from 40 € to 250 € per year. Data for Novi Sad shows that 

chargeability for households is around 85% and 70% for private business. This price primarily 

reflects the costs of waste collection and transport, while managing controlled waste landfill 

sites is usually financed by city governments or, less frequently, by municipal companies that 
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operate these disposal locations and even if chargeability were to increase to 100%, at current 

prices, the system would still be difficult to sustain. 

Waste treatment and disposal 

All waste, except hazardous and industrial waste, collected on the territory of Novi Sad and 

surrounding settlements, except for waste that is separated at the separation plant, is disposed 

of in the city landfill. Next to the main landfill, there is about 20 illegal landfills located 

throughout the municipality. Many illegal landfills are a consequence of a lower degree of 

coverage by waste collection services in the previous period but to a greater extent due to 

human negligence and poor work of inspection services. Although small illegal landfills are 

regularly removed, municipalities often missing funds for the removal of larger landfills 

located in suburban settlements. Also, individuals often use illegal landfills to dispose of 

bulky, construction and other types of waste.  

Other treatments of municipal solid waste are not widely implemented. For instance, 

incineration of municipal solid waste is carried out in cement kilns, but only on a negligible 

scale. Other waste management options, such as biological treatments, are primarily applied 

only on a household level (e.g., home composting) and mostly in rural areas [12]. 

According to the Regional waste management plan for the city of Novi Sad and the 

surrounding municipalities, it is predicted that by 2026, a Regional center for waste 

management will operate at the site of the current landfill. According to this plan, three 

recycling yards will be built in the Novi Sad, two transfer stations in the municipalities of 

Bačka Palanka and Vrbas, while the regional landfill itself, in addition to the line for 

secondary separation of waste and composting site for green waste, will also have 

mechanical-biological treatment and bio drying, as well as a recycling yard for construction 

waste. 

 

CONCLUSION 

Based on the analysis of the systems, certain measures can be proposed for further 

improvement: 

- Analyse current waste management plans and make changes if necessary. Plans should be 

made in accordance with the quantities and characteristics of the waste being managed, 

therefore it is necessary to establish a system for regular and transparent data collection. Also, 

the plan should include all participants in the waste management system, from public 

companies to operators dealing with recycling and collection, so that mutual cooperation can 

be established and common goals can be met; 

- Improve the model of calculation of fees for services in the MSWM in the direction of 

transparent and realistic models based on responsibility and respect for the “polluter pays” 

principle. Within this, it is important to educate citizens about the health hazards and 

environmental risks of inadequate management of municipal waste, in order to motivate them 

to pay fees for MSWM services; 

- With the participation of all stakeholders at the local self-government level, work on 

strengthening the implementation of alternative solutions for waste management, primarily 

aimed at its reduction, repurposing and reuse of resources and materials; 
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- Continuously carry out information and education at all levels about proper MSWM 

through interactive workshops, seminars, expert meetings and another. Also provide the 

public with constantly available information about waste flows, methods of treatment and 

disposal, which they can access at any time. 
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Abstract 

The paper presents the calculated results of the thermodynamic properties of Al-Ga-Sn liquid alloys 

using the General Solution Model – GSM. The calculations were conducted in nine cross-sections 

from all three corners within the temperature range of 800–1600 K. Integral molar excess Gibbs 

energies, partial molar Gibbs energies, activity coefficients, and activities for all components were 

determined. The activities of Al and Sn deviate negatively from Rault’s law in all investigated sections. 

In contrast, the activity of Ga is close to ideal conditions and even coincides with the line for high Ga 

content in the alloy. The predicted values are compared with the experimental data found in the 

literature. The results indicate that the model is reliable as well as convenient. 

Keywords: GSM, Al-Ga-Sn alloys, thermodynamic properties, activity. 

 

INTRODUCTION 

Due to its adverse effects on human health and the environment, the use of lead in solders 

was banned in Europe by July 2006 when the RoHS directive was adopted [1–4]. 

Consequently, extensive research is underway to identify suitable lead-free solder alternatives 

[5–14].  

The miniaturization of electronic devices, along with the transition to lead-free RoHS 

standards, is a challenge due to the higher temperatures of the reflow process, which can 

damage printed circuit boards and components [1,15]. Low-temperature solders are 

advantageous because they reduce thermal damage [6,10,16]. Defects such as delamination or 

“pop-corning” in moisture-sensitive devices can be minimized using solders with lower 

melting temperatures [8,12]. The search for lead-free solder alternatives has led to various 

alloys with properties comparable to traditional lead-based solders. Tin-based alloys, such as 

tin-silver-copper (Sn-Ag-Cu) and tin-silver (Sn-Ag), have emerged as popular choices for 

lead-free solder due to their desirable mechanical and thermal properties. Tin melts at 232°C, 

and alloying elements such as Ga, In, and Bi can lower this temperature. Tin is the primary 

component in mostly new solder alloys, with Ag, Cu, Ga, In, Zn, Bi, and Al, given its 

widespread use in electronic equipment soldering [10,12,15,17–20]. Established tin-based 

solder alloys such as SAC305, SAC387, SAC405, and Sn0.7Cu have gained recognition in 

the electronic industry because of their favorable mechanical and thermal properties, 

positioning them as viable alternatives to lead-based solders [10,12,16]. These alloys exhibit 

good solderability, thermal conductivity, and reliability, making them suitable for the 
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demanding requirements of semiconductor manufacturing. In addition to these formulations, 

ternary alloys such as Al-Sn-Zn [21–23] and Ag-Sn-Zn [21,24–27] show promising 

characteristics for soldering applications. Additionally, Al-Ga-Sn alloys have emerged as 

another area of interest, demonstrating the potential to enhance soldering performance and 

address environmental concerns. 

A systematic exploration of new solder materials requires understanding phase diagrams, 

phase equilibria, and melting behaviors. Thermodynamic calculations and modelling are 

essential for determining a coherent dataset and predicting thermodynamic behavior 

[11,12,14,17–19,28]. 

Integral molar excess Gibbs energies, partial molar Gibbs energies, activity coefficients, 

and activities are essential for predicting the behavior of solder materials during 

manufacturing and throughout their service life. This knowledge aids in developing more 

reliable and environmentally friendly soldering solutions for modern electronics 

[10,12,15,17–20]. Numerous methods enable the calculation of the thermodynamic properties 

of a ternary system based on the known thermodynamic properties of the constituent binary 

systems. The GSM [29–31] has proven to be the most efficient among the existing models. 

Therefore, this model was utilized to calculate the thermodynamic properties of the 

investigated ternary systems. In this study, the calculation of thermodynamic properties of   

Al-Ga-Sn ternary alloy using a GSM is compared with the experimental data [14]. 

 

THEORETICAL BASIS 

Chou's GSM [29–31] is considered the most reasonable method for calculating the 

thermodynamic properties of a ternary system using information about the constituent binary 

systems. It overcomes the inherent defects of traditional symmetrical and asymmetrical 

geometric models in all aspects. This model has already been proven in practical examples 

[32–35] to be correct and accurate, making it suitable for this type of calculation. Therefore, 

this General Solution Model - GSM version is used to calculate the thermodynamic properties 

of the Al-Ga-Sn ternary system. The basic equation of GSM for the ternary system is: 

 

1 2 12 2 3 23 1 3 31 1 2 3 123

E E E EG x x G x x G x x G x x x f       
                                                             (1) 

0 1 2 2( ( ) ( ) ... ( ) )E n n

ij i j ij ij i j ij i j ij i jG x x A A x x A x x A x x        
                                           (2) 

 

where A
0

ij, A
1

ij, and A
2
ij are parameters of two-component systems “ij” (the Redlich-Kister 

parameters), which can depend on temperature. xi and xj are the mole fractions of components 

“i” and “j” in “ij” binary system. 
123f  is the three-component interaction coefficient expressed 

as: 

 
2 1

123 12 12 12 3 1 2 12

2 1

23 23 23 1 2 3 23

2 1

31 31 31 2 3 1 31

(2 1){ ((2 1) 2( )) }

        (2 1){ ((2 1) 2( )) }

        (2 1){ ((2 1) 2( )) }

f A x x x A

A x x x A

A x x x A

 

 

 

      

      

     
                                                       (3) 
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ij  are the similarity coefficients defined by 
i  (deviation of the sum of squares): 

 

/ij i i j    
                                                                                                                    (4) 

12 23 31 111/ ( );  / ( );  / ( );I I II II II III III I                
                                         (5) 

 

where are: 

 
1 1 1

2 2 2

12 13 1 21 23 2 31 32 3
0 0 0
( ) ;   ( ) ;   ( )E E E E E E

I II IIIG G dX G G dX G G dX                     (6)
 



G
E
 is integral molar excess Gibbs energy for the ternary system, and xi is mole fraction of 

the component i. Number n equals the maximum number of components in the system, and 

coefficients i, j, and k are always numbers between zero and n. 

Partial thermodynamic quantities are calculated according to the equations: 

 

  1 / lnE E E

i i i iG G x G x RT      
                                                                             (7) 

i i ia x
                                                                                                                                (8) 

 

where E

iG  is partial molar excess Gibbs energy, 
ia  is the activity of component i, 

i  is the 

activity coefficient of component i, T is temperature, R is gas constant (8.314 J K
-1

mol
-1

), and 

G
E
 is Gibbs energy for the whole system, dependent on composition. Integral molar excess 

Gibbs energy ( EG ) corresponds to the whole system, while partial molar excess Gibbs 

energy ( E

iG ) corresponds to the individual component. 

 

RESULTS AND DISCUSSION 

Calculation of thermodynamic properties by GSM 

Table 1 presents the thermodynamic data for the constituent binary subsystems of Al-Ga 

[36], Al-Sn [37], and Ga-Sn [38] needed for the calculation of thermodynamic properties in 

the investigated Al-Ga-Sn system. 

 

Table 1 Redlich-Kister parameters for constitutive binary systems 

System ij 
A

o
ij (T)

*
 A

1
ij (T)

*
 A

2
ij (T)

*
 

Ref. 
A B C A B C A B C 

Al-Ga 2613.3 
-

2.94533 
/ 692.4 

-

0.09271 
/ 319.5 / / [36] 

Al-Sn 16329.85 
-

4.98306 
/ 4111.97 

-

1.15145 
 1765.43 

-

0.5739 
/ [37] 

Ga-Sn 3369.7 0.03854 / 528.9 -0.1145 / / / / [38] 
*
 L=A+B·T+C·T·lnT 
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The thermodynamic properties of the ternary Al-Ga-Sn system were investigated in nine 

sections, taken from the Al, Ga, and Sn corners, respectively, with mole ratios of 1:3, 1:1, and 

3:1, with molar content ranging from 0 to 0.9 for the third component. The calculated integral 

molar Gibbs excess energies ( EG ) and activities (
ia ) of the investigated system Al-Ga-Sn, 

along selected sections and at given temperatures, are presented in Figure 1 and 2.  

 

 
Figure 1 Activity of Al, Ga, and Sn in the Al-Ga-Sn system by GSM in the temperature range of     

800–1600 K for cross sections from Al, Ga, and Sn corner 

 

All thermodynamic properties calculated in this work are related to the liquid phase. The 

values for the activity of aluminum and tin in the temperature range of 800–1600 K (Figure 1) 

for all examined sections, obtained through thermodynamic prediction by the GSM, exhibit a 

positive deviation from Raoult's law. As the gallium content increases, the deviation from the 

line of ideal behavior decreases. The activity of gallium aligns with the line of ideal behavior. 

The integral molar excess Gibbs energy values for the ternary system Al-Ga-Sn in the 

temperature range of 800–1600 K (Figure 2) for all examined sections range from 0 to 3 

kJ/mol. 
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Figure 2 Integral molar excess Gibbs energy in the AlGa-Sn system according to GSM in the 

temperature range of 800–1600 K for cross sections from Al, Ga, and Sn corner 

 

The values for gallium activity in the three-component Al-Ga-Sn system at 800, 900, and 

1000 K, obtained by the GSM, were compared with experimentally determined values using 

Oelsen calorimetry and using two other different prediction methods – model Muggianu [39], 

and model Toop [40], available in Balanović [14]. Comparison shows good agreement, where 

experimental values for gallium activity show a more negative trend at all temperatures 

compared to activities obtained by prediction (Figure 3, Figure 4). 

 

 
Figure 3 Activity dependences of gallium in Al-Sn-Ga section at 800, 900, and 1000 K obtained by 

GSM and experimentally determined by Oelsen calorimetry and other prediction methods [14] 
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Figure 4 Dependence of component activity on composition for characteristic sections at 800, 900, 

and 1000 K from Al, Ga, and Sn corner calculated by GSM and comparison with the results of 

Oelsen's calorimetry [14] 

 

The iso-activity lines of aluminum, gallium, and tin in the Al-Ga-Sn system at 1000 K 

(Figure 5), obtained by thermodynamic prediction according to the general solution model, 

were compared with the activity values of gallium obtained experimentally using Oelsen's 

calorimetry [14]. Agreement between experimentally obtained and thermodynamically 

predicted values for gallium activity was observed. 

 

 
Figure 5 Comparison of iso-activity lines for Al, Ga, and Sn in the Al-Ga-Sn system at 1000 K 

determined using GSM with Ga activities obtained by Oelsen calorimetry [14] 
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CONCLUSION 

The Al-Ga-Sn system's thermodynamic properties were calculated using the GSM in the 

temperature interval from 800 to 1600 K. Based on this, all components' excess molar Gibbs 

energies and activities were calculated. The calculated excess integral Gibbs energies for 

investigated sections are positive, with values up to 3 kJ/mol. The activity of aluminum and 

tin shows a positive deviation from Rault’s law for all investigated sections. Still, deviation 

aligns with the line of ideal behavior for alloys with a high gallium content. Galium activity is 

close to the line of ideal conditions and coincides with the line for high content of galium in 

the alloy. The presented thermodynamic data for the Al-Ga-Sn alloys could be helpful for the 

further assessment of this system and its phase diagram, as well as for completing the 

thermodynamic description of these alloys. 
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Abstract  

The key step towards achieving sustainable development is the assessment of the impact on the 

environment due to the consumption of goods and services. Life Cycle Assessment (LCA) is a process 

of collecting and evaluating data on inputs, outputs, and possible impacts of a product system on the 

environment, throughout its entire life cycle. Household appliances play an important role and should 

be thoroughly assessed, i.e. all phases of the life cycle should be taken into account. This paper 

presents the assessment of the hair dryer's environmental impact using the Eco˗it software and the 

potential reduction of the environmental impact at different scales. With LCA analysis and Eco˗it 

software, it will be presented the technical evaluation of the product, as well as its redesign, due to 

better performance and decreasing environmental impact. 

Keywords: Life Cycle Assessment, hair dryer, ECO˗it software, environmental impact. 

 

INTRODUCTION 

Since the middle of the last century, there has been constant population growth in the 

world, and therefore the need for material resources is increasing. The industrial way of 

production became necessary, and the improvement of living standards came about due to the 

availability of natural resources, along with the development of technology [1]. Traditionally, 

products were designed and developed without considering their harmful impact on the 

environment. Conventional regulation focuses only on the emissions from the manufacturing 

processes. However, harmful impacts on the environment occur from the other life cycle 

stages such as use, disposal, distribution, and raw material acquisition [2]. 

In recent decades, many corporations recognized the importance of the product's 

environmental impacts and began to include environmental aspects in product design and 

development processes. This includes the activities, processes, and materials starting from 

raw materials acquisition, manufacturing, distribution, use, and to disposal, i.e. during the 

entire life cycle. Thus, there was a need for systematic analytical tool for the product 

environmental assessment during the entire life cycle. This tool is a Life Cycle Assessment, 

which is a quantitative analysis of the environmental aspects of a product over its entire life 

cycle. It offers a “cradle to grave” look at a product or process, considering environmental 

aspects and potential impacts on ecosystems, human health, and natural resources [3,4]. 

Home appliances are currently a key area of energy consumption in developed and 

developing countries, and projections related to the population growth predict that more and 

more people will use these appliances in the future [5]. A recent study showed that household 
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appliances account for 70% of China's carbon dioxide emissions and that air conditioners, 

refrigerators and televisions are responsible for 50% of these emissions [6]. These devices 

should be evaluated taking into account all phases of the life cycle, as well as their 

technological efficiency, and based on this, a plan for potential reduction of impacts at 

different scales should be developed. 

This paper presents an LCA analysis of the hair dryer impact on the environment, using the 

eco-indicator methodology and software ECO-it 1.4. A comparative analysis was made for 

the hair dryer and its redesigned version, and the possibility of reducing the harmful impact 

on the environment was shown through the improvement of the hair dryer design. 

 

MATERIALS AND METHODS 

Life Cycle Assessment 

Life cycle assessment (LCA) is a tool for decision-making on the production or quality of a 

certain product while identifying its impact on the environment, throughout the entire life 

cycle, starting from resources and material exploitation to final disposal. LCA is actually an 

analytical instrument in the environmental field that provides an understanding and 

comparison of different products or services through a “cradle to grave” approach [7]. This 

method can analyze all and/or more stages of the life cycle and thus helps companies to 

decide to what level it is necessary to “incorporate” environmental issues into the process of 

deciding on the characteristics of a certain product or on the types of services. 

The Life Cycle Assessment includes four phases and key considerations (Figure 1):  

1. Goal and scope definition. 

2. The life cycle inventory (LCI). 

3. The life cycle impact assessment (LCIA). 

4. Life cycle interpretation. 

 

 
Figure 1 Phases of an LCA 

 

The methodological structure of the Life Cycle Assessment is given in the ISO 14040 

series of standards: ISO 14040:2008 - LifeCycle Assessment - Principles and Framework and 

ISO 14044:2008 - Life Cycle Assessment – Requirements and Guidelines. 
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Eco-indicator Method 

The eco-indicator method (implemented in ECO-it 1.4 software) is one of the most 

developed methods for life cycle impact assessment. With the aim of presenting the LCA 

results at all levels, this model was developed to link the LCI results with the procedures for 

determining the weighting coefficients. This included the processes of characterization and 

normalization. The results can be presented as one quantified result ˗ eco˗indicator, which can 

facilitate the work of designers and production managers in the decision-making process 

related to the harmfulness of products to the environment [8]. 

The idea of the emergence of ecological indicators was initiated in the late 1990s by the 

Dutch Ministry of Construction, Spatial Planning and the Environment with the intention of 

encouraging care for the environment. The main idea of eco indicators is to compare two 

products or two variants of the same product from the aspect of environmental impact, and the 

values of eco indicators point to possible directions for product improvement [8]. The eco 

indicator calculation method has a modular structure. In order to ensure the correct use of         

eco-indicators, there are several steps that must be followed: determining the purpose of 

calculating eco-indicators, defining the lifetime of the analysed product, quantifying materials 

and processes, filling out the form for calculating eco indicators and results interpretation  

Model of analyzed hair dryer 

In this analysis, a hair dryer Solride 2-Professional (Figure 2) of low power and small 

dimensions, intended for home use, will be analzyed. The hair dryer has a power of 800 W 

and three speed levels. The purpose of the hair-dryer analysis is to determine the overall 

eco˗indicator of the hair dryer's life cycle and then to determine which processes have the 

most significant impact on the environment. In this case, there will be no comparison of two 

products of the same purpose, but an analysis of the impact of one product on the 

environment, with the aim of its improving.  

According to the estimates, the average life-cycle of a hair dryer is from 70 to 1000 

working hours. Also, in an average household on a weekly basis, a hair dryer is used about 

1.5 hours, so the life-cycle of this device is estimated at 10 to 12 years. 

 

 
Figure 2 Analzyed hair-dryer Solride 21-Professional  
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The components of the hair dryer are shown in Table 1. 

 

Table 1 Constituent parts of hair dryer 

Name Mass (g) Material Quantity 

Front housing 120 Plastic 1 

Rear housing 114 Plastic 1 

Motor holder 47 Plastic 1 

Coil 12 Aluminum 1 

Back net 8 Stainless steel/plastic 2 

Front neck 6 Stainless steel 1 

Heater 13 NiCr alloy 4 

Engine 30 - 1 

Heater housing 64 Aluminum 2 

Propeller 25 Plastic 1 

Cable 126 Copper/rubber 1 

Screw 9 Steel 11 

 

Using the ECO˗it 1.4 software, the eco˗indicator for the observed individual process can be 

calculated, by multiplying the tabular eco˗indicator, which is expressed in points per kilogram 

of some raw material, with the amount of raw material (or energy) that is characteristic of the 

observed process [9]: 

 

nnn mieIE                                                                                                                            (1) 

 

where: 

EIn ˗ eco˗indicator for the observed process; 

ein ˗ tabular eco indicator (expressed by characteristic size for a process); 

mn ˗ mass of raw material in the observed process; 

en ˗ amount of energy in the observed process. 

Entering data into the ECO-it 1.4 software is performed in three phases: the production 

phase, the use phase and the disposal phase. Then, software calculates eco˗indicator for each 

process. These value is expressed in millipoints (mPt) and can be presented graphically.  

 

RESULTS AND DISCUSSION 

Results for analyzed hair dryer Solride 2-Professional 

After defining the life cycle, classifying materials and processes in the 3 mentioned phases, 

points are calculated for each phase, as well as the eco-indicator. In Figure 3a), it can be seen 

that the total eco˗indicator of the analyzed hair dryer is 1100 Pt. Since the largest share of 

points is in the use phase (it cannot be influenced in the calculation and consideration phase of 

the product), the points for this part of the analysis are ignored. Figure 3b) shows the eco-

indicator for the hair dryers without the use phase (362 mPt).  

Hair dryer has the greatest impact on the environment in the production phase, while waste 

disposal is significantly less in case without consideration of use phase. Waste disposal and 
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waste sorting in Serbia is still not fully defined, so, in this part of the analysis all hair dryer 

waste goes to the landfill. In the further part of the work, changes will be proposed in order to 

reduce energy consumption and the environmental impact of hair dryer. 

 

a) 

 
b) 

 
Figure 3 Results of hair dryer LCA analysys a) with use phase; b)without use phase 

 

Results for redesigned hair dryer  

In the production phase, it is possible to redesign the hair-dryer housing, as well as all the 

parts that go with it, by reducing their volume of 10%. This would not affect the function of 

the product, and there would be a reduction in the production of plastic materials. With such a 

redesign, it is possible to reduce the number of required connecting elements. 

The use phase consumes a certain amount of energy, which depends on the way of use. It 

is possible to reduce this consumption by introducing IC heaters. By installing IR heaters, 

energy savings of 20% are achieved. Energy consumption in this case amounts to 6400 kWh, 

while in the previous phase this amount was 8000 kWh during the entire life of the product. 

And at the very end, the phase of waste disposal, which has a great impact on the 

environment, can be reduced by recycling individual parts of the hair dryer. 

By redesigning the case and the parts that go with it, that is, by reducing the volume by 

10% and installing an IR heater, the overall eco-indicator of the observed product is 
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significantly reduced, which is now 896 Pt (in the previous case it was 1100 Pt). By 

comparing the original and the redesigned hair dryer, it can be seen that the redesigned hair 

dryer is less harmful to the environment. 

 

 
Figure 4 Results of LCA analysys for redesigned hair dryer with use phase 

 

CONCLUSION 

The Life Cycle Assessment method is a tool that can be used to assess the impact of a 

product on the environment throughout its entire life cycle. In this paper, the method of 

evaluating the product's harmfulness to the environment. The methodology Eco˗it 99 and 

software ECO-it 1.4 were chosen, which was applied to the LCA of hair dryers. The LCA of 

the hair dryer was carried out in three phases: the production phase, the use phase, and the 

disposal phase. The production phase has the greatest impact on the environment.  

An analysis of the redesigned hair dryer was also done - the housing material was changed 

and IC heater was implemented. 

The recycling of certain materials after the hair dryer use is also foreseen. The entire 

redesign process was aimed at reducing the harmful impact of hair dryer on the environment. 

Analysis of the redesigned hair dryer has shown that its impact on the environment has 

decreased. If such changes were be introduced in other devices, they would lead to a big move 

and more visible results related to harmful impact on the environment. 
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Abstract  

Nanomaterials, such as metal-organic frameworks (MOFs), are key materials in many 

areas of science and technology due to their unique properties and wide range of applications. 

This review focuses on the synthesis and applications of MOFs in various fields, including 

gas storage, catalysis, photocatalysis and biomedicine. The synthesis of MOFs is a 

fundamental process that enables the production of materials with desired properties. There 

are several methods for synthesizing MOFs, the most commonly used of which are 

hydrothermal, sonochemical and microemulsion methods. In hydrothermal synthesis, metal 

ions are reacted with organic ligands in an aqueous solution at elevated temperature and 

pressure. Sonochemical synthesis uses ultrasonic waves for a rapid reaction between metal 

salts and organic ligands. The microemulsion method uses microscopic emulsions for a 

controlled reaction between the reagents. The application of MOFs is extremely diverse and 

covers different areas. In gas storage, MOFs show great potential for the adsorption and 

storage of various gasses such as hydrogen, carbon dioxide and methane. The catalytic 

properties of MOFs make them useful materials for various reactions, including reduction, 

oxidation and acylation reactions. The photocatalytic activities of MOFs are utilized in the 

degradation of organic pollutants and in the production of hydrogen from water. In 

biomedicine, MOFs are being researched as potential drug carriers, contrast agents for 

imaging and antibacterial agents. Despite their many advantages, MOFs also face challenges 

such as their stability under aqueous conditions, which can limit their application in certain 

areas. However, researchers continue to work on improving the stability and functionality of 

MOFs to expand their potential applications. To summarize, this review provides a deeper 

insight into the properties and applications of MOFs in various fields of science and 

engineering. Their unique properties make them important materials in many ways. At the 

same time, there is still room for further research and improvement to increase their 

usefulness and practical application. 

Keywords: metal-organic frameworks, synthesis, toxicity, biomedicine, gas storage 
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Abstract 

The growth of the world's population and the increasing demand for natural resources are 

leading to significant environmental problems such as air, water, and soil pollution, habitat 

destruction, biodiversity loss, and climate change. These problems have a negative impact on 

ecosystems, human health, the economy, and society. In particular, problems related to 

pollution from heavy metals such as cadmium are highlighted, emphasizing the importance of 

exploring the mechanisms by which plants take up these harmful substances. 

Cadmium is a heavy metal present in the environment as a result of industrial activities and 

its accumulation in plants poses a serious problem for human health and the ecosystem. For 

this reason, the focus of this work is precisely on the mechanisms of cadmium uptake in 

plants. Through a review of the relevant literature, the processes and pathways of cadmium 

uptake in plants and the mechanisms that influence this process were investigated. The 

accumulation of cadmium poses a serious threat to the environment, food safety and public 

health and exceeds the natural ability of the soil ecosystem to regenerate and cleanse itself. 

Plants growing on cadmium-contaminated soils are directly affected, which can lead to 

serious changes in their development, metabolism and physiological functions, compromising 

their quality and safety for consumption. 

Particular attention is paid to the physiological and molecular mechanisms that regulate the 

uptake of cadmium from the soil into the plant roots, the transport through the roots to the 

aerial parts and the accumulation in the plant tissue. Understanding these mechanisms is 

crucial for the development of strategies to reduce cadmium accumulation in crops and to 

protect the health of humans and animals that consume these plants. The ideal long-term 

solution to the problem of cadmium toxicity is the remediation of soils contaminated with this 

heavy metal and preventive measures against further anthropogenic cadmium inputs. 

However, this approach requires time and coordinated efforts from various sectors of society 

and is considered a strategic goal. For the current situation, a biological, i.e. genetic, approach 

has been proposed, which includes the development of plant varieties with a lower capacity to 

accumulate cadmium. This is to be achieved through an in-depth study of the genetic 

mechanisms that regulate the uptake and distribution of cadmium in plants, with the aim of 

reducing its presence. It is particularly important to reduce the accumulation of cadmium in 
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the grains of the three main cereals - rice, wheat, and maize - as these account for more than 

half of the calorie intake in the human diet. Selection and breeding programs aim to 

understand and genetically modify the process of cadmium transport from the roots to the 

aerial parts of the plant to reduce the transfer of cadmium to the grains, which directly 

contributes to food safety and protects public health from the negative effects of cadmium. 

The availability of cadmium in soil depends primarily on pH, with other factors such as 

root exudates, organic matter, plant age, and plant genotype also playing a role. A low pH 

value means a higher uptake of cadmium by the plants. Controlling soil pH is the key to 

controlling cadmium uptake. 

The application of sustainable plant nutrition and advanced bioremediation technologies 

are key strategies in the fight against cadmium pollution. These techniques include innovative 

methods such as phytovolatilization, phytodegradation, phytoremediation, and microbial 

remediation, which are used for the ecological and economical remediation of cadmium-

contaminated soils. In addition, the use of biochar, organic fertilizers, and growth hormones 

can contribute significantly to reducing the negative effects of cadmium in soil. Effective 

remediation and proper management of contaminated soils are key to reducing the risks that 

cadmium poses to agricultural soils, crops, and ultimately human health. 

Keywords: cadmium, land remediation, bioremediation, pollution, toxicity 
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Abstract  

Industrialization is unstoppable and is advancing every day, which brings advantages and 

disadvantages. The disadvantages of industrialization are mainly to be seen in environmental 

pollution. For this reason, it is very important to consider and improve processes that can help 

reduce the damage caused by industrial production processes, and among these processes, 

coagulation stands out as one of the safe, efficient, and economically profitable methods. The 

aim of this work is to define the process of coagulation and flocculation as well as their 

purpose and application in chemical technology for the purpose of treatment and purification 

of wastewater. Various mechanisms in the coagulation process were considered, starting with 

the compaction of the bilayer, the electrostatic mechanism of coloration, bridging, and 

flocculent purification, but also methods that can influence the optimization of the process 

itself, such as the method of microsand addition. Since coagulation stands out as part of the 

technological process and is an indispensable part of the water treatment process, research has 

focused on optimization, i.e. on improving the coagulation process itself. Optimization was 

originally proposed and applied in the USA for drinking water treatment. It proved to be a 

method that provided satisfactory results, so its application has been continued and extended. 

The work includes studies and analyses of the different types of coagulants and their 

application, as well as their advantages and disadvantages. The production of chemical 

coagulants is described, from iron-, aluminum- and titanium-based coagulants to organic 

hybrid coagulants and their effect in the removal of heavy metals, certain by-products, 

microalgae, and nitrogen. The work also includes a detailed analysis of the production and 

effect of natural coagulants obtained by extraction processes from fruit shells, walnut kernels, 

and pine seeds, while synthetically turbid water produced by the addition of kaolin was used 

for the analysis. Studies have been carried out on the treatment of water coming from 

different environments and containing different types of wastewater, including colored 

colloids, which are waste from the textile industry, comparing the quality of the coagulation 

carried out depending on the application of the corresponding natural or chemical coagulant, 

but also the efficiency of the combination of these agents. Microplastics are a widespread 

pollutant that poses a major threat to the environment. Microplastic particles originate from 
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synthetic polymer products, can have different shapes and dimensions, and their surface is 

coated with negatively charged functional groups (e.g. polystyrene particles with carboxyl 

groups), which is why the effect of a coagulant based on amyloid fibers on water 

contaminated with microplastic particles is being investigated. The extent to which industrial 

waste resulting from the production of aluminum from bauxite can be used for the production 

of coagulants was investigated, and a comparison of their potential with conventional 

coagulants was made. 

Keywords: chemical coagulants, natural coagulants, turbidity, decolorization, microplastics 

 

ACKNOWLEDGEMENT 

The authors are grateful to the Ministry of Science, Technological development and 

Innovation of the Republic of Serbia for financial support according to the contract with the 

registration number (451-03-65/2024-03/200131). 

 

REFERENCES 

[1] Sun Y., Zhou S., Shah K. J. MRF 91 (2021) 219-252. 

[2] Wang P., Ding S., An G., et al., J. Haz. Mat. 420 (2021) 126558. 

[3] Zedan T., Mossad M., Fouad M., et al., Water Pract. Technol. 17 (2022) 684-698. 

[4] Hadadi A., Imessaoudene A., Bollinger J. C., et al., J. Environ. Manage. 331 (2023) 

117286. 

[5] Peydayesh M., Suta T., Usuelli M et al., Environ. Sci. Technol. 55 (2021) 8848-8858. 

 

 



 

715 

 

 

SOME APPLICATION ASPECTS OF THE MATERIALS BASED ON THE GREEN 

MAGNESIUM OXIDE 

 

NEKI ASPEKTI PRIMENE MATERIJALA NA BAZI MAGNEZIJUM-OKSIDA 

 

Student: Lazar Cvetković
1*

 

Mentors: Maja Nujkić
1
, Tanja Kalinović

1
, Jelena Kalinović

1
 

1
University of Belgrade, Technical Faculty in Bor, V.J. 12, 19210 Bor, SERBIA 

*
Cvele94@outlook.com 

 

Abstract  

The ecological production of materials is becoming increasingly important in today's 

world. The production of materials based on traditional methods leads to heavy environmental 

pollution, so there is a tendency to obtain materials in an ecological way. Due to its good 

properties, the demand for magnesium oxide is increasing in the world, and the possibility of 

obtaining it by green synthesis is also important. This study provides general explanations of 

the most common extracting methods of magnesium oxide from natural materials such as 

different types of plant material. It also gives an overview of the application of green 

magnesium oxide or magnesium oxide nanoparticles (MgONP) in various industries. 

For the green synthesis of magnesium oxide nanoparticles, extracts of organisms such as 

algae, bacteria and fungi or extracts of plant parts rich in various biomolecules such as 

polyphenols, as well as extracts of mixtures of several plants or their parts can be used. 

Under the particular conditions of green synthesis, attention must also be paid to the 

parameters that influence the formation of MgONP sizes. For example, Mg(OH)2 can 

precipitate in an alkaline solution with a pH above 9 and be a precursor for formation of 

nanoparticles. The effect of pH on the morphology of MgONP obtained with an extract of 

Tricolor amaranth leaves was investigated in a pH range of 3 to 11. The authors concluded 

that in an acidic environment, smaller nanoparticles are formed, while in a basic environment, 

larger particle agglomerates are formed, which become smaller after calcination and loss of 

phytochemicals. 

The green synthesis of MgONP particles is illustrated by the following example. The 

washed samples of C. crinita were dried in an oven at 70°C for 24 hours and then ground to a 

fine powder using an electric mixer. About 10 g of C. crinita powder was added to 100 ml of 

distilled water, which was heated to 60°C and stirring with a magnetic stirrer at 120 rpm. The 

mixture was then centrifuged at 1500 rpm for about 10 minutes, the precipitate was collected 

and used as a reducing and stabilizing agent for MgONP as follows: 51.3 mg of the metal 

oxide precursor [Mg(NO3)2·6H2O] was dissolved in 10 ml of distilled H2O and added to         

90 ml of the resulting aqueous algal extract to obtain a final concentration of 2 mM. After 24 
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hours of incubation, a color change from pale yellow to yellowish-brown occurs, indicating 

the formation of MgONPs. Finally, the obtained nanoparticles were calcined at 400°C for 4 

hours. 

The MgONP material obtained by synthesis with leaf extracts of Sesbania bispinosa was 

used to germinate seeds of Cicer arietinum (chickpea) and Solanum licopersicum (tomato). 

The total chlorophyll and carotenoid content was higher in Cicer arietinum than in Solanum 

licopersicum, and accordingly the chickpea seeds germinated better than the tomato seeds. 

Therefore, the synthesized MgONP increased the chlorophyll content and showed favorable 

growth of the examinated plants, proving the effectiveness of MgONP in regulating plant 

growth with promising application in agriculture. 

In addition, MgONP leads to the death of the larvae, whereby the mortality is directly 

related to the dose. The mortality of the first-stage larvae was 40 and 99% at concentrations of 

2 and 10 mg mL
−1

, respectively. In contrast, the mortality of the second-stage larvae was 

between 36.6 and 95% when treated with 2 and 10 mg mL
−1

 MgONP, respectively. The 

mortality of third-stage larvae was 30.8 and 92.2% when treated with concentrations of 2 and 

10 mg mL
-1

 MgONP, respectively.  

The value and importance of materials obtained through green synthesis will only increase 

with the development of science, and further research in this area is recommended. 

Keywords: magnesium oxide, nanoparticles, ecology, green synthesis 
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Abstract 

Lithium-ion batteries have become an integral part of modern life. Their application 

extends to all areas of our daily lives, from cell phones to electric cars. One of the main 

advantages of these batteries is their ease of use, but at the same time, we face a serious 

problem - the disposal of used batteries. Most of these batteries end up in landfill, which has 

serious negative consequences for the environment. Given the enormous quantities of 

batteries that are used and thrown away every day, the recycling process is becoming 

increasingly important to reduce the negative impact on the environment and lower the cost of 

new batteries. 

To better understand the recycling process of lithium-ion batteries, we need to look at their 

structure and manufacturing process. These batteries consist of a cathode, an anode, an 

electrolyte, and a separator, which together ensure that the lithium flows between the 

electrodes during charging and discharging. The production of these batteries requires the use 

of various materials, including lithium, cobalt, nickel, aluminum, and other metals. However, 

it is precisely because of these valuable materials that recycling is an economically and 

environmentally viable option. 

Recycling lithium-ion batteries involves processes such as collecting, separating, 

shredding, separating, and regenerating materials. Lithium, cobalt, nickel, and other valuable 

materials are separated and can be reused for the production of new batteries. The benefits of 

recycling are obvious: it reduces the need to extract new raw materials, reduces energy 

consumption and CO2 emissions, and prevents pollution from hazardous substances from 

batteries. 

However, the recycling process also presents some challenges and shortcomings. For 

example, the complex structure of batteries makes the recycling process itself very 

complicated. The high recycling costs and low prices for secondary materials also pose a 

major challenge for the battery recycling industry. The cost of transporting, processing, and 

storing waste can also be high, making recycling less economical. 

Despite these challenges, the recycling of lithium-ion batteries is crucial for environmental 

protection and a sustainable future. Developing effective technologies and policies to promote 
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battery recycling can help reduce the environmental impact and create a cleaner and healthier 

environment for us all. 

Keywords: lithium-ion batteries, recycling techniques, challenges of recycling, advantages 

of recycling 
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Abstract 

Waste management is a fundamental and continuous responsibility of society, and it turned 

out to be a substantial challenge encountered by authorities worldwide during the COVID-19 

pandemic crisis. Challenges can be attributed to the presence of a diverse variety of hazardous 

materials including used needles and syringes, personal protective equipment (PPE), 

contaminated dressings, heavy metals, biological substances, pathogens, diagnostic samples, 

blood, toxic chemicals, pharmaceuticals, medical devices, radioactive materials, etc. Medical 

waste primarily originates from hospitals, clinics, and healthcare centres, as well as from 

home quarantines. Since the medical waste contains traces of infectious agents it is classified 

as hazardous waste. However, around 75–90% of medical solid waste has a similar 

composition to household waste, wherefore it is categorized as 'non-hazardous' or 'general 

medical' waste. The remaining 10–25% is labelled as 'hazardous waste', related to 

environmental and health hazards. 

Throughout the COVID-19 pandemic, there has been a significant increase in the 

generation of medical waste, ranging from 3 to 6 times more than the typical generated 

volume of municipal solid waste. In addition to other medical waste, a consequence of the 

COVID-19 pandemic is the substantial increase in plastic waste. This includes items such as 

surgical drapes, disposable gowns, syringes, personal protective equipment (face masks and 

shields), disposable gloves, and testing kits.  

In Hubei province (China), medical waste generation has increased by 600%, from 40 to 

240 tons, overloading the existing transport and disposal infrastructure. Other countries are 

facing similar challenges in dealing with the substantial volume of waste. This trend has been 

observed in France, Italy, and the Netherlands. Medical solid waste in France and the 

Netherlands has increased from 40% to 50% and 45% to 50%, respectively. 

Common disinfection methods used for COVID-19 medical waste treatment include 

incineration, as well as physical and chemical approaches. Pyrolysis, a thermochemical 

process, involves disintegrating organic compounds, present in solid and liquid waste, at 

elevated temperatures within anaerobic or low-oxygen environments. The macromolecular 

compounds contained in COVID-19 medical waste are consequently decomposed into 

compounds such as solid or liquid fuels, raw synthetic gases, and carbonaceous materials (e.g. 



EcoTERS'24, 18–21 June 2024, Hotel Sunce, Sokobanja, Serbia 

 

720 

 

coke, char). The products resulting from pyrolysis have significant commercial value and can 

be used as an alternative energy source to supplement decreased fossil fuel reserves. 

However, technologies such as plastic waste incineration can result in the release of harmful 

pollutants in the atmosphere, like dioxins and furans, requiring the use of additional flue-gas 

treatments. 

Throughout the COVID-19 pandemic, various nations have implemented different 

approaches for managing medical solid waste, while the World Health Organization (WHO) 

has developed specific guidelines for its management. In general, waste management 

represents a significant and challenging sector for the society which was further strained by 

the recent COVID-19 pandemic, introduced new mandatory practices. The measures taken to 

fight the COVID-19 virus might have had a positive impact on the environment by enhancing 

air quality and lowering carbon footprint, but they also led to an unrivalled increase in the 

amount of waste being produced. 

Keywords: medical waste management, COVID-19 pandemic, pollution 
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Abstract  

The aim of this work was to determine the content of toxic and potentially toxic elements 

in selected samples of domestic fruits from the Pešter Plateau, Serbia. Berries and stone fruits 

were analysed. The domestic fruit is traditionally used as food and in folk medicine. Seven 

samples of different types of domestic fruit trees were collected from one location in Sjenica, 

at an altitude of 1020 m. Given that berries and stone fruits are very rich in bioactive 

compounds and phytochemicals that are associated with multiple healthy properties and are 

used in nutrition, it is important to determine the content of toxic elements. 

The samples examined in this work are: raspberry (Rubus idaeus L.), cherry (Prunus 

cerasus L.), red plum (Prunus cerasifera L.), grape (Vitis vinifera L.), chokeberry (Aronia 

arbutifolia L.), red currant (Ribes rubrum L.), and black currant (Ribes nigrum L.). 

Using the inductively coupled plasma optical emission spectrometry (ICP OES) method, 

the content of 5 elements was determined in samples of domestic fruits from the Pešter 

Plateau, Serbia.  

In this work, the content of five toxic and potentially toxic elements (Al, Pb, Cd, As, and 

Ba) was determined. Our red plum samples contained less toxic elements such as Al, Ba 

(about 8 times), Cd (about 10 times), Pb (about 4 times), and As (about 400 times) compared 

to the results of the content in the wild red plum grown in Düzce Province, Turkey. According 

to the literature data, the content of Pb and Cd in grapes from Lagos, Nigeria, is significantly 

lower. The results obtained in this work showed a lower content of the toxic elements Pb 

(about 5 times), As (about 30 times), and Cd (about 8 times) compared to the data obtained 

for grapes from eastern Serbia. Of the toxic elements in chokeberry, only arsenic was detected 

in a lower concentration than stated in the literature. Domestic currants on the Pešter plateau 

contained less toxic elements such as As (about 95 times), Cd, and Ba, while they contained 

higher amounts of Al and Pb than samples in the Düzce Province, Turkey.  

Red plum contains the smallest amount of all toxic elements. The most lead is in domestic 

sour cherries, while the most aluminium is in aronia. 
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In general, the content of toxic elements was lower than the data from the literature. This 

shows that domestic fruits from Pešter Plateau can be safely consumed by humans without 

risk. It would be interesting to investigate the soils on which the fruits grew. By comparing 

the content results in berry and stone fruit, we conclude that there are no significant 

deviations. The obtained data on the content of toxic and potentially toxic elements on the 

Pešter Plateau can supplement and clarify the available data in the literature and the database 

on the chemical composition of foods.  

Keywords: domestic fruit, elements, ICP OES, Sjenica, Pešter Plateau 

 

ACKNOWLEDGEMENT 

The authors are grateful to the State University of Novi Pazar, Novi Pazar, of the Republic of 

Serbia for financial support.  

 

REFERENCES 

[1] Al-Juhaimi, F., Kulluk, D.A., Ahmed, I.A.M., et al., Environ. Monit. Assess., 195 (2023) 

1370.  

[2] Sobukola, O.P., Adeniran, O.M., Odedairo, A.A., et al., Afr. J. Food Sci., 4 (2010)          

389–393.  

[3] Alagić, S.Č., Tošić, S.B., Dimitrijević, M.D., et al., Commun. Soil Sci. Plant Anal., 47 

(2016) 2034-2045.  

[4] Pavlović A.N., Brcanović J.M., Veljković J.N., et al., Fruits 70 (2015) 385–393.  

 

 

 



 

723 

 

 

CHEMICAL COMPOSITION OF ESSENTIAL OIL ISOLATED FROM FRESH AND 

DRY LEAVES OF Geranium robertianum L. 

 

HEMIJSKI SASTAV ETERIČNOG ULJA IZOLOVANOG IZ SVEŽIH I SUVIH 

LISTOVA Geranium robertianum L. 

 

Student: Milena Stanković
1*

 

Mentor: Ljiljana Stanojević
1
  

1
University of Niš, Faculty of Technology, Bulevar Oslobođenja 124, 16000 Leskovac, 

SERBIA  

*
milenna.stankovic@gmail.com 

 

Abstract  

Geranium robertianum L., commonly known as Herb Robert or Red Robin, has long been 

used in the folk medicine of several countries and in herbalism’s practice for a number of 

different therapeutic purposes. G. robertianum has been used for a long time in the folk 

medicine of several countries in different preparations, for a multitude of therapeutic 

purposes. Its anti-inflammatory, haemostatic, antidiabetic, antibacterial, antidiarrhoeic, 

antiallergic, anti-cancer, antihepatotoxic, diuretic, and tonic properties, as well as its 

suitability for the treatment of digestive system ailments, have made this species very 

appreciated in herbal medicine. 

The chemistry of the Geranium genus is reasonably well-known and clearly dominated by 

phenolic constituents, the most studied classes of compounds being tannins, flavonoids, and 

phenolic acids. The phytochemical characterization of G. robertianum has been focused 

mostly on the investigation of extracts of the plant, with special emphasis on phenolic 

compounds, particularly flavonoids. Studies concerning the essential oils of this species are 

still scarce.  

The aim of this study was a comparative analysis of the chemical composition of the 

essential oil isolated from fresh and dry leaves of Geranium robertianum L. grown in south 

Serbia. The essential oil was obtained by Clevenger-type hydrodistillation with hydromodule 

1:10 m/V. The qualitative and quantitative composition of essential oil was determined by 

GC/MS and GC/FID analyses. 

The yield of essential oil obtained was 0.078 and 0.066 g/100 g of fresh and dry plant 

material, respectively. Twenty-three compounds were identified from fresh leaves essential 

oil, mainly oxygen-containing sesquiterpenes (84.1%), sesquiterpene hydrocarbons (5.9%), 

monoterpene hydrocarbons (3.5%), oxygen-containing monoterpenes (3.4%), and others, 

where the most abundant compounds were germacrene (76.2%). Twenty compounds were 

identified from dry leaves essential oil, mainly oxygen-containing sesquiterpenes (39.4%), 

monoterpene hydrocarbons (38.5%), oxygen-containing monoterpenes (17%), sesquiterpene 
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hydrocarbons (4.2%), and others, where the most abundant compounds were germacrene 

(39.4%), limonene (29.4%) and -pinene (6.1%). 

Based on the obtained results, it can be concluded that the chemical composition of G. 

robertianium essential oil differs depending on the plant material used (dry or fresh leaves). 

Further research should focus on more detailed research of the chemical composition and 

determination of biological activities of G. robertianium that would expand its application in 

Serbia.  

Keywords: geranium robertianum L., essential oil, chemical composition 
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Abstract  

Soil is a dynamic resource formed from abiotic components (sand, silt, clay, and organic 

matter) and biotic components (living organisms). Soil degradation can directly impact water 

and air quality, biodiversity, and climate change. Additionally, it can jeopardize human health 

and food security, both for humans and animals. 

The processes of petroleum extraction, processing, and transportation can contribute to the 

entry of this harmful material into the surrounding soil. One of the main causes of soil 

contamination is petroleum spills. In soil contaminated with petroleum pollutants, the primary 

pollutants are mainly aliphatic, cycloaliphatic, and aromatic hydrocarbons. Gasoline, 

kerosene, diesel fuels, mineral motor oils, hexane, benzene, toluene, xylenes, and polycyclic 

aromatic hydrocarbons (PAHs) are important chemicals comprising the total petroleum 

hydrocarbons. It is estimated that globally, natural petroleum seepage amounts to 600,000 

metric tons annually. According to reports, petroleum pollution has affected about 3.5 million 

sites in Europe.  

Petroleum pollutants have the ability to penetrate plant tissues and move through the 

intracellular space and vascular system. Plant roots can uptake petroleum pollutants from the 

soil, transport them to leaves and fruits, store them, and transfer pollutants from leaves to 

roots. Plant growth is slowed, stem length and diameter are shortened, aboveground tissue 

length is decreased, and root length and leaf surface area are altered due to the lack of oxygen 

and nutrients in contaminated soil (depending on the plant species). Hussain et al. investigated 

the physiological impact on the growth of two plant species (Lolium multiflorum and Lotus 

corniculatus) tolerant to diesel and concluded that both the physical and chemical effects of 

oil have negative impacts on plant growth and root development. 

Exposure to petroleum and petroleum derivatives, whether directly (breathing polluted air 

and direct skin contact) or indirectly (bathing in contaminated water and consuming 

contaminated food), can cause significant health problems in humans. Some aromatics 

negatively impact human liver and kidney functions and even induce cancer. Moreover, since 

PAHs are highly lipophilic, animals readily absorb them through the digestive tract. 
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Prolonged exposure to contaminated areas can lead to fatigue, respiratory problems, eye 

irritation, and headaches, with a higher likelihood of women experiencing spontaneous 

abortion. Hawrot-Paw at el. conducted a study in which they added conventional diesel fuel 

and two types of biodiesel to the soil, and monitored the reactions of invertebrates, 

specifically earthworms. They concluded that fuels have a negative impact on earthworms. 

Biological methods for removing petroleum hydrocarbons are grouped into two main 

categories: bioremediation and phytoremediation. Bioremediation utilizes microorganisms, 

particularly bacteria and fungi, to remove petroleum hydrocarbons from contaminated 

environments. Phytoremediation, on the other hand, employs plants and various types of 

symbionts to remove polycyclic aromatic hydrocarbons from polluted soil. This method is 

facilitated by changes in the soil and the application of appropriate agricultural practices. 

Phytoremediation stands out as an extremely effective strategy for reducing the presence of 

organic compounds and has recently garnered significant attention due to its ability to degrade 

pollutants over a wider area, its broad applicability, environmental friendliness, and economic 

viability. 

Keywords: soil pollution, petroleum derivatives, toxic effect, bioremediation, 
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Abstract  

The rise in global food production and consumption has resulted in waste biomass 

accumulation at the local landfills, which represents economic and environmental challenges. 

This biomass, rich with lignocellulosic components, is recognized as valuable resources that 

align with the principles of zero waste and circular economy. Recently, these materials have 

garnered growing interest as a promising renewable resource with multifunctional properties 

as energy fuel, adsorbents, green chemical sources, etc. In this study, waste lignocellulosic 

biomasses were used as a support material for enzyme immobilization, attributed to their 

accessibility, surface functional groups, and porosity. In this study, food waste (peach stone 

(PS), sour cherry stone (CS), and plum stone (PLS)) were thermally treated (pyrolysis) to 

obtain biochar, a material rich in carbon content, with a high specific surface area, porosity 

and significant presence of aromatic functional groups, appropriate for organic materials 

binding. Biochars were further chemically modified (acid treatment) to produce: peach stone 

biochar (PSB), sour cherry stone biochar (CSB), and plum stone biochar (PLSB) for potential 

application for laccase immobilization. All biochars were characterized by pH suspension 

(pHsus), Fourier transform infra-red (FTIR-ATR) technique, and scanning electron microscopy 

with energy-dispersive X-ray spectroscopy (SEM–EDX). The successful immobilization of 

commercial laccase from T. versicolor (0.274 U/ml) on obtained biochars was performed by 

the adsorption process. The findings showed that the optimal parameters for laccase 

immobilization were the following: pH=5, temperature 40°C, and contact time 24 hours. 

Immobilization efficiency (IE) and residual activity (RA) were determined for all types of 

biochars. Cherrystone biochar showed the highest IE (91%) and RA (77%), compared to PSB 
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(IE of 36%, RA of 16%) and PLSB (IE of 86%, RA of 44%). These findings are in 

accordance with SEM results, confirming that CSB has a highly developed porous structure 

with deepest pores and cracks. This study demonstrates the potential of utilizing modified 

food waste biomass, particularly cherry stone, as an effective and sustainable enzyme carrier, 

with future research aimed at exploring its application for the removal of various 

contaminants from wastewater, contributing to reducing environmental risks. 

Keywords: food waste, biochar, immobilization, laccase 
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Abstract  

According to the World Bank report, approximately 2.01 billion tons of solid municipal 

waste are generated annually in the world. However, the amount will drastically rise by 2050, 

and the world is expected to generate 3.40 billion tons of waste annually. The largest 

component of municipal waste is organic waste i.e. biodegradable waste which refers to the 

waste that can undergo decomposition, including food, paper/cardboard, garden waste, etc. 

Due to aging, components of the organic waste fraction chemically and mechanically 

degrade by present microorganisms such as bacteria, algae, fungi, and molds. Certain 

conditions are required for the growth and reproduction of microbial communities: moisture, 

temperature, suitable carbon, oxygen, and nitrogen content, specific pH values, etc. However, 

during its decomposition, biodegradable waste can release large amounts of nutrients (N, P, 

K) that can exceed normal levels in soils and aquatic environments, as well as contribute to 

greenhouse gases (GHG) emission (CO2, CH4, and N2O), in addition to the release of 

pathogenic microorganisms and heavy metals into the environment. 

The biological treatments today include composting and anaerobic digestion, while 

biodrying and biostabilization, are still in development. The efficiency of the biological 

treatments is increased by mechanical procedures, where inorganic components are separated 

from the organic. Inorganic components are further treated with specific processes according 

to the type of waste. 

Digestion of biological waste can occur anaerobically, without the presence of oxygen, or 

aerobically, in the presence of oxygen. The composting process represents a biological 

aerobic process in which easily degradable organic waste is converted into CO2 and stable 

organic matter which is the final product of this process called compost. Compost can be used 

to improve soil quality or as fertilizer. The composting process depends on factors such as the 

composition of biodegradable waste added to the composting reservoir, moisture content, 

particle size, additive content, temperature, and microorganisms.  

Anaerobic digestion is a biochemical process that involves the microbiological degradation 

of organic matter in the absence of oxygen resulting in the production of biogas and digestate. 

The obtained digestate can be in solid form or as slurry. Biogas is a mixture of different gases, 
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with CO2 and CH4 constituting about 90% of the total gas composition. Biogas could be used 

for the production of heat and electricity, while digestate, after composting, is used as 

fertilizer for agricultural land due to high content of beneficial components (N, P, K), 

necessary for plant growth. Anaerobic digestion has advantages over composting due to the 

production of biogas and the absence of odour. As part of an integrated waste management 

system, it could reduce emissions of GHG gases into the atmosphere. 

Keywords: biodegradable waste, treatment, composting, anaerobic digestion 
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Abstract 

In the modern world, with its rapid scientific and technological development, 

environmental problems arise in all areas of the economy. One of the biggest problems is the 

wastewater produced during the extraction and processing of metallic raw materials such as 

copper, lead, zinc, cadmium, manganese, molybdenum, tin, etc. Wastewater management is 

very demanding and complicated due to its toxic content. Various methods are therefore being 

developed to purify the wastewater as much as possible and remove heavy metals or various 

pollutants. The presence of arsenic or its compounds in wastewater, which are very toxic, 

leads to severe pollution of the environment and thus endangers human health. The most 

effective way to solve the problem of industrial wastewater is to purify the wastewater, 

regardless of whether the purified water is discharged into natural water bodies or used as 

return water in technological processes. Wastewater treatment technology should be efficient, 

environmentally friendly and economically viable. Adsorption is one of the optimal removal 

methods, efficient and affordable without the need to add chemicals, and easily applicable in 

developing countries with unstable power supply and labor shortage. It is also noteworthy that 

the elimination rate of arsenate and arsenite adsorption is over 95%. According to Panat and 

Varanasi, this process is mainly based on the van der Waals method of repulsion and 

electrostatic attraction between adsorbed molecules. Adsorbents for arsenic removal include 

bioadsorbents such as hydrochar, certain silicas, resins, gels and hydrothermal carbonization 

processes. Carbonization converts biomass into useful carbon materials that produce 

hydrocarbons for a variety of adsorption applications. Hydrochar-based adsorption in 

combination with nanoparticles has proven to be a good choice for the treatment of 

wastewater containing organic and inorganic pollutants, which is why special attention is 

being paid to the removal of arsenic with hydrochar and nanoparticles. The porous structure 

of hydrochar provides a sufficient surface area for the adsorption of arsenic. Through 

reduction, we therefore convert toxic arsenic species into less harmful forms. Nanoparticles 

and hydrochar complement each other in the regeneration process. The nanoparticles can be 

easily regenerated, while the hydrocarbon forms a stable matrix for its immobility. In this 
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paper, we will mention iron-based nanoparticles such as magnetite and maghemite, which are 

capable of adsorbing and removing As(III) and As(V) from wastewater. TiO2 nanoparticles 

also show the ability to adsorb arsenic and can be modified to improve efficiency. There are 

also metal-based particles, such as manganese oxide (MnO2), aluminum oxide (Al2O3) and 

zirconium oxide (ZrO2). It has been proven that aluminum oxide impregnated with iron oxide, 

for example, has a much higher capacity than aluminum oxide alone. Manganese oxide 

impregnated with aluminum oxide is also more effective at removing As(III) and As(V). 

Modification with titanium and zirconium increased the adsorption capacity for arsenic after 

activation with acid. This structure enables multiple adsorption-desorption cycles. The aim of 

these studies is to investigate the potential of hydrochar as an effective adsorbent for the 

removal of arsenic from wastewater together with other adsorbents and biomass-based 

hydrochar preparations. In particular, hydrochar with metal nanoparticles represents a 

promising economic solution for the removal of arsenic from wastewater, achieving an 

efficiency of over 99%. The aim is to promote green chemistry and environmental 

remediation. If research continues to progress, this process could become the key to access to 

clean water around the world. 

Keywords: wastewater, arsenic, adsorption, nanoparticles, enviromental protection 
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Abstract 

Groundwater serves as the primary source of drinking and agricultural water. Therefore, it 

is vital to ensure clean water supply to people. However, recently, anthropogenic activities led 

to groundwater degradation worldwide. Activities related to thermal power plants, including 

coal fly ash and wastewater disposal, are one of them. Coal fly ash is known to contain 

significant amounts of contaminants, such as rare earth elements (REEs). Inadequate 

management of coal fly ash landfills may lead to the leaching of REEs from ash into 

groundwater, which can have a harmful effect on human health. 

This study investigated both non-carcinogenic and carcinogenic health risk posed by REEs 

in groundwater near the larges thermal power plant in Serbia, namely Nikola Tesla power 

plant. A total number of sixteen samples were collected and analysed for sixteen REEs, 

including lanthanum (La), cerium (Ce), praseodymium (Pr), neodymium (Nd), samarium 

(Sm), europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy), holmium (Ho), 

erbium (Er), thulium (Tm), ytterbium (Yb), lutetium (Lu), scandium (Sc), and yttrium (Y). 

The study encompassed both adults and children as population groups, examining ingestion 

and dermal pathways as primary exposure routes.  

Non-carcinogenic risk for adults (HIa) was in the range of 1.1 × 10
−4

 – 1.4 × 10
−4

, 

averaging 5.2 × 10
−4

. Moreover, non-carcinogenic risk for children (HIc) ranged from               

1.6 × 10
−4

 to 2.0 × 10
−3

, with an average value of 7.6 × 10
−4

. Children were more susceptible 

to non-carcinogenic risk compared to adults. Such results can be explained by the lower body 

weight of the children. None of the samples exceeded the threshold of 1 regarding both 

groups, suggesting negligible non-carcinogenic risk. Carcinogenic risks for adults (ILCRa) 

and children (ILCRc) were in the range of 2.0 × 10
−18 

– 2.7 × 10
−17

 and                                     

8.1 × 10
−18

 – 1.0 × 10
−17

, with average values of 9.8 × 10
−18

 and 3.9 × 10
−18

, respectively. 

Adults were more prone to carcinogenic risk, as evidenced by the results.  Both population 

groups had ILCR values within the threshold of 1.0 × 10
−6

, implying insignificant 

carcinogenic risk. In addition, ingestion through drinking water was identified as the main 
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exposure route for both risk, while Sc showed the greatest contribution to both risk 

assessments.  

Although REEs in groundwater do not pose a risk to human health, ongoing ash disposal 

may lead to an increase in health risk, therefore continuous monitoring of the area under study 

is advised. 

Keywords: non-carcinogenic risk, carcinogenic risk, REE 
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Abstract 

Fertilizers with controlled release (CRF) are materials that have nutrients for the plant and 

can be dissolved after a certain time from the moment they are introduced into the soil. They 

are available to the plant much longer than conventional fertilizers. Phosphate glasses (PG) 

are quite interesting for controlled release systems due to their low chemical durability. 

Although pure PG have highly hygroscopic nature, their chemical durability can be 

compositionally controlled. Biochar is the product of biomass pyrolysis, a process where 

organic substances are broken down at temperatures ranging from 350°C to 900°C in a 

reduced oxygen thermal process. Biochar applications have an effect on soil improvement, 

waste management, climate change mitigation and energy, and consequently might have 

social and economic benefits. Biochar improves soil physiology and increases productivity, 

assisting with crop residue management. 

This paper presents the results of testing the effect of PG and biochar from plum stones 

(PSB) on rose plantings (sort Lavaglut). The control sample were rose plantings without 

fertilizer addition. 

The phosphate glass (45.4P2O5·25.6K2O·14.5CaO·3.1SiO2·9.3MgO·1.2ZnO·0.9MnO2) 

was prepared from reagent grade raw materials. The glass mixture was melted at T = 1230°C 

for t = 1h in an open porcelaine crucible in an electric furnace and the melt was quenched on a 

steel plate. Phosphate glass and biochar were added in a variety of dosages. The application of 

1 g of phosphate glass and the application of 10 g of PSB had the greatest effect on increasing 

the average height of plants. The application of PG and biochar had no significant effect on 

the average number of formed branches in the crown, as well as on the average number of 

newly formed branches. Higher doses of PG (3 g) and PSB (10 g) have a favorable effect on 

increasing the average number of formed flowers. The chemical analysis of the plant material 

at the end of the vegetative cycle determined: increase in phosphorus and manganese content 

in all tested varieties; the highest content of zinc was determined in the variant where 2 g of 

PG was used; the calcium content was increased in all tested varieties. The data obtained 

mailto:*j.nikolic@itnms.ac.rs


EcoTERS'24, 18–21 June 2024, Hotel Sunce, Sokobanja, Serbia 

 

736 

 

within the scope of this study indicates that PG and PSB fertilizers have a positive effect on 

rose plant growth. 

Keywords: phosphate glass, biochar, CR fertilizers 
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Abstract  

Black pepper (Piper nigrum L.), perennial climbing vine of the family Piperaceae, is a very 

rich source of a wide range of chemical ingredients, most of which are biologically active. 

Black pepper essential oil (BPEO) rich in mono- and sesquiterpenes, shows numerous 

biological activities such as antioxidant, antimicrobial, anti-inflammatory, hepatoprotective 

activity, etc. Considering that the antioxidant activity of BPEO based on its reducing ability of 

Fe
3+

 to Fe
2+

 has not been thoroughly investigated, the aim of this study is to examine the 

reduction power of BPEO’s fractions.  

The essential oil was obtained by Clevenger-type hydrodistillation (CHD), and each 

fraction was separated through a measuring tube after a certain period of time (five 

hydrodistillation periods: I (0-15 min), II (15-30 min), III (30-60 min), IV (60-90 min) and V 

(90-120 min). The quali- and quantitative composition of the collected BPEOs’ fractions was 

determined by GC/MS and GC/FID analysis. The reducing power of BPEOs fractions was 

determined according to the method of Oyaize known as a „Prussian blue“ method, with 

certain modifications. The reducing power of BPEOs’ fractions was expressed as gallic acid 

equivalents per gram of essential oil (mg GAE/g).  

It was determined that compounds of BPEOs’ fractions with a lower molecular weight 

emerged early, while their contents were high at the beginning and decreased towards higher 

distillation intervals. The most abundant compounds of BPEOs’ fractions were                   

(E)-caryophyllene, (E)-nerolidol, sabinene, and limonene. Results indicated that all collected 

BPEOs’ fractions showed reducing ability: (I – 2.36 mgGAE/g, II – 4.64 mgGAE/g,                    

III – 7.71 mgGAE/g, IV – 8.64 mgGAE/g, V – 9.63 mgGAE/g, where fraction V showed 

clearly the highest activity. Ascorbic acid was the reference standard for the assay, with the 

best reduction power (176.93 mgGAE/g) compared to all examined samples.  

This study showed that the fractionation of the essential oil affected the reduction ability of 

iron ions. Although the reduction power of the BPEOs’ fractions increases with 

hydrodistillation time, these changes are insignificant when the activity of ascorbic acid is 

taken into account. Further investigation will focus on examining the reducing ability of 
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individual components of the BPEOs’ fractions, especially (E)-caryophyllene, (E)-nerolidol, 

sabinene, and limonene. Also, determining other biological activities will be of great 

importance for future research. 

Keywords: black pepper, essential oil fractions, Clevenger-type hydrodistillation, reducing 

power assay 
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Abstract 

The environment is crying out for help more and more because industrialization greatly 

affects our environment. Therefore, natural raw materials and materials should be resorted to, 

in order to start reducing pollution. As far as synthesis is concerned, the biological method, 

i.e. green synthesis, is an alternative method for preserving the human environment. The 

green synthesis method involves the use of plants, bacteria, yeasts, molds, algae, etc. 

Therefore, this method implies the use of a cheaper, less harmful, and toxic chemical. 

Aqueous extract of Rubus spp. leaves obtained by reflux extraction at boiling temperature 

were used as a stabilizing agent in the synthesis of gold nanoparticles (AuNPs-E). Synthesis 

was performed at a temperature of 80°C. The synthesized nanoparticles were further 

characterized using scanning electron microscopy (SEM), energy dispersive X-ray (EDX) 

spectroscopy, X-ray diffraction (XRD), dynamic light scattering (DLS), and zeta potential.  

SEM analysis showed that cubic, triangular, and rod-shaped nanoparticles are present in 

the sample. Based on the EDS spectrum, it can be seen that the signal originating from carbon 

dominates, while the signal originating from gold is somewhat lower in intensity and shows 

its intensity at around 2.2 keV. The percentage of atomic content of carbon in this sample 

confirmed its highest presence at 68.8%, while the percentage of mass content showed the 

highest presence of elemental gold at 75.6%. Elemental mapping analysis of gold 

nanoparticles showed the distribution of element chlorine in this sample probably originating 

from the chloroauric acid used in the synthesis. The XRD peaks of synthesized nanoparticles 

with 2θ at about 38.2°, 44.4°, 64.6, 77.5° and 81.8° correspond to the reflection planes (111), 

(200), (220), ( 311) and (222), respectively, with the (111) plane as the most intense. The 

obtained average crystallite size of green synthesized nanoparticles was 15.7±2 nm. The 

average value of z-potential was -17.7 mV, while the measured average size of nanoparticles 

was 61.55 nm. This difference can be explained by the fact that XRD detects the size of 

crystallites, while DLS provides information about the size of whole nanoparticles, i.e. the 

dimension of a capping or stabilizing agent enveloping the particles along with the size of the 
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metallic core. The average value of mobility and conductivity was -1.389 µmcm/Vs and 

0.0964 mS/cm, respectively. 

Synthesized AuNPs-E stabilized with an aqueous extract of blackberry leaves will be 

subjected to further tests to be applied in some cosmetic preparations. 

Keywords: green synthesis, gold nanoparticles, SEM, EDX, XRD, DLS, blackberry leaves 
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Abstract 

Air pollution has serious consequences for human health and the environment, causing 

millions of deaths. Methods such as filtration, catalysis, and emission reduction technologies 

can improve air quality. High concentrations of pollution increase the risk of respiratory 

infections, heart diseases, and lung cancer. PM particles, such as PM10 and PM2.5, are 

particularly dangerous as they can penetrate deep into the lungs, increasing the risk of 

premature death. Air pollution is also associated with diabetes, obesity, inflammatory 

reactions, and neurological disorders. Children are especially vulnerable due to 

underdeveloped organs. 

Airborne pollutants can harm plant life, and emissions of CO2, methane, and black carbon 

contribute to climate change. Filtration, adsorption, and disinfection technologies are effective 

in air purification, but they have limitations. Many countries are in the process of establishing 

air quality standards and developing detection and purification devices. 

Photocatalysis stands out as a promising method for air purification. This technology uses 

semiconductor materials to absorb certain radiation, generating reactive oxygen species that 

degrade pollutants. Photocatalysis is a simple and effective method for removing pollutants, 

making it superior to other techniques. 

Combustion is highlighted as an efficient method for reducing pollutant emissions. In the 

combustion process, substances are completely burned or degraded into less harmful forms, 

which is especially useful for controlling emissions of toxic organic substances from 

industrial plants. 

Absorption is a technique that uses liquid or solid materials to absorb gas components. 

This operation can be physical or chemical, depending on the presence of a chemical reaction 

between the gas and the liquid. Absorption enables efficient removal of gas components from 

the air. 

Adsorption is a process of removing gas or liquid components using porous solid materials. 

This technique is used to remove particles from gas streams, such as smoke and dust, using 

electrostatic attraction. Electrostatic filters are effective in removing various particles from 

gases but require regular maintenance. 
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Bag filters are used to remove suspended particles from gases. These filters consist of a 

frame onto which a bag made of filtration material is attached. The filtration material is 

selected according to the properties of the gas being filtered. Bag filters are effective in 

removing particles of various sizes from gas streams. 

There are various policies and approaches in sectors that can reduce air pollution and 

improve environmental quality. In industry, the use of clean technologies and improved waste 

management systems can significantly reduce exhaust emissions. In the energy sector, 

transitioning to renewable energy sources and low-emission technologies can reduce the 

usage of fossil fuels and emissions of harmful gases. Urban planning that promotes energy 

efficiency and sustainable transportation systems can reduce emissions from construction and 

transportation. Managing municipal and agricultural waste, along with recycling and waste 

treatment, can reduce waste emissions. Providing support to experts to assess the health 

effects of air pollution can support the implementation of pollution reduction measures. All 

these actions require a cross-sectoral approach and collaboration among different sectors to 

integrate them into a comprehensive framework for environmental monitoring. 

Keywords: polluted air, air filtration, adsorption, catalysis, air purification. 
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Abstract 

Water pollution by contaminants such as dyes, pesticides, drugs, phenols, and heavy metals 

has global consequences on ecosystems. Although mining industries significantly contribute 

to this pollution, they are crucial for the economy of both local communities and nations. 

Wastewater from mining industries and chemical plants requires proper treatment before 

discharge into watercourses. Over time, numerous processes have been developed to reduce 

the toxic impact of these wastewaters on human health and the environment, including 

physical, chemical, and biological methods, as well as hybrid approaches. 

Wastewater can be contaminated with various pollutants, especially with heavy metals 

such as copper, zinc, and manganese, as well as suspended particles. Sedimentation is a 

process in which suspended particles and sludge are gradually separated from water by 

settling at the bottom. This method is used for pretreatment of water. Adsorption is an 

increasingly popular and effective method for purification, followed by neutralization and 

precipitation for effective results. Adsorption is defined as the removal of a substance from a 

liquid or gas using a solid phase, resulting in a higher concentration (or accumulation) of 

removed molecules on the surface of the adsorbent compared to the mass of the solution.  

Adsorbents for heavy metals removal can be divided into few categories. Carbon-based 

adsorbents include activated carbon, activated carbon cloth, and activated carbon fibre. 

Nanomaterial adsorbents include nanoparticles, nanotubes, nanowires, and nanorods. Low-

cost sorbents refer to agricultural materials (agricultural solid waste) or industry by-products, 

natural materials (clays, zeolites, and siliceous materials), and biosorbents (biomass, 

biopolymers, and peat).  

Industrial wastewaters may have different pH values, whether alkaline or acidic. To be 

discharged into the environment, such as rivers and lakes, neutrality needs to be achieved, 

meaning the pH value should be in the range of 6.5 to 8.5. Achieving neutrality can be done 

through neutralization processes in several ways: mutual neutralization, neutralization with 

reagents, and neutralization through neutralizing materials. Precipitation aims to bind metal 

ions into low-solubility compounds, thereby assisting in water purification. Through the 

application of precipitating reagents, low-solubility compounds with metal ions are formed. 
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These insoluble precipitates are then removed from the water, improving its purity. In the case 

of heavy metal ions such as zinc, chromium, lead, copper, cadmium, etc., the process occurs 

by forming their low-solubility hydroxides. Filtration is the process by which a suspension is 

separated using a porous barrier, retaining the solid phase (sludge) while allowing the liquid 

phase (filtrate) to pass through. Filtration is used at the end of the treatment process. 

Literature data indicate that the methods for water purification are chosen based on the 

type and amount of impurities present in the water, as well as the economic feasibility, 

efficiency, and sustainability of using the selected chemicals required for the process. 

Keywords: wastewater, adsorption, copper, manganese, suspended particles. 
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Abstract 

Cleaning agents play a crucial role in maintaining cleanliness and hygiene in households. 

However, the improper use or inadvertent mixing of these products can lead to serious health 

hazards. One such risk arises from the combination of sodium hypochlorite-based cleaners 

with acidic products, resulting in the formation of hazardous chlorine gas. This article aims to 

provide an overview of the dangers posed by the chemical reactions of chlorine generation in 

household cleaning and propose measures to prevent its occurrence.  

This study has a twofold objective: firstly, to underscore the critical importance of 

preventing the formation of hazardous chlorine gas by the mixing of household cleaning 

agents; secondly, to advocate for comprehensive legal regulations mandating clear warning 

messages on cleaning product labels, thereby educating and safeguarding consumers from 

potential risks.  

To achieve these objectives, we conducted an analysis of data spanning from 2011 to 2023, 

sourced from the Annual Reports of the National Poison Control Centre of the Military 

Medical Academy in Belgrade, Serbia (NPCC MMA) to assess the prevalence of chlorine 

poisoning cases. Additionally, during May 2024, a pilot screening examination of labelling 

practices among cleaning agent manufacturers was conducted to evaluate the adequacy of 

warning messages and pictogram symbols on product containers (n=15) in Belgrade, Serbia 

markets.  

Analysis of patient data from the NPCC MMA reports revealed a concerning prevalence of 

chlorine poisoning cases, with an average annual number of medical examinations of patients 

being 42.8, representing 24.0% of all patients examined for intoxication by gases and vapors. 

Furthermore, in comparison to intoxications by all gases and vapors, the occurrence of 

chlorine poisoning annually ranged from zero to 33.8%, with an average annual number of 

hospitalized patients due to chlorine intoxication being 4.1. However, it is crucial to 

acknowledge the potential underestimation of the number of chlorine poisoning cases 

annually, given the limitations of data sourced from a single healthcare facility, although it is 
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a tertiary institution specialized in treating poisoned patients. Evaluation of labeling practices 

indicated significant shortcomings in communicating the risks associated with mixing 

cleaning agents. Although analyzed containers of household cleaning products mostly contain 

an adequate pictogram symbols (such as "Corrosive", "Hazardous to the environment", and 

"Health hazard"), manufacturers largely failed to provide appropriate textual messages that 

would unambiguously and visually warn end-users about the prohibited mixing of different 

cleaning agents. The findings of this study underscore the urgent need for preventive 

measures to mitigate the risks associated with chlorine gas formation from household cleaning 

agents mixing. Regulatory bodies must enforce stringent guidelines requiring manufacturers 

to provide clear and unambiguous warnings on product labels. Additionally, consumer 

education campaigns are essential to raise awareness and prevent future incidents of chlorine 

poisoning during household cleaning activities. 

In conclusion, the formation of chlorine gas from the mixing of household cleaning agents 

poses a significant risk to public health. Immediate action is required from regulatory bodies, 

such as government agencies, to implement stricter labeling regulations and to educate 

consumers about the associated risks.  

Keywords: chlorine gas, household cleaners, health risks, public awareness, legislative 

regulation 
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Abstract 

Municipal solid waste (MSW) is a part of overall solid waste which is generated in human 

society, besides commercial and industrial waste. Depending on the dangerous characteristics 

affecting human health and the environment, it can be inert, non-hazardous and hazardous. 

Subcategory of waste, which represents over 66% of MSW is household waste, generated 

from domestic source. Around 1% of household waste is defined as household hazardous 

waste (HHW). 

There are several definitions of household hazardous waste, depending on legislation of 

different countries. A comprehensive definition is given by the UK National Household 

Hazardous Waste Forum (NHHWF): “any material discarded by a household, which is 

difficult to dispose of, or which puts human health or the environment at risk because of its 

chemical or biological nature”. HHW is a heterogeneous waste group with flammable, 

corrosive, reactive, caustic, and toxic characteristics. Quantity and type of HHW generating 

on source depends on average standard of living. Citizens in everyday life are not completely 

and directly informed about the handling of their waste. The aim of this study is to emphasize 

the need to inform citizens more closely about the characteristics of HHW and how improper 

waste management can affect their health, habitation, and wider environment. 

A review of the legislation in the field of solid and hazardous waste management in 

Republic of Serbia (RS) was carried out, as well as local waste management plans for major 

cities in RS. These are public documents available online at Environmental Protection 

Agency (Serbia) website. Local waste management plans for city of Belgrade, Novi Sad and 

Nis for period from 2011 to 2020 were used. Attention was focused on HHW in which 

manner it was accorded to overall municipal solid waste. 

Local waste management plan for city of Belgrade laid out the most precise selection of 

special waste streams whose some components are and household hazardous wastes. 

Recycling yards are in the plan for HHW collection sites besides bulky waste, construction 
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waste from households (<1m
3
) and useful components of municipal waste (paper, glass, 

plastic, metal waste). Mainly components of HHW are: paints (latex and oil-based),  

flammable liquids and solids (ex. gasoline, paint thinner), automotive oil, filters, and 

antifreeze, poisonous materials (insecticides, herbicides), corrosive materials (ex. household 

cleaners), mercury containing materials (fluorescent lights, thermometers), compressed gases 

(ex. propane), batteries (lead-acid, cadmium, lithium and alkaline), oxidizing substances (ex. 

household cleaners, polishes), aerosols in line with its mass share in HHW stream. Local 

waste management plan for city of Novi Sad and Nis also rely on special waste streams when 

point to HHW. Waste is classified according to the waste catalog in which within number 20 

is listed municipal solid waste including HHW. 

Unambiguous identification for HHW is required so that the citizens could adequately 

manage with the aforementioned waste. Considering that HHW can cause health issues to 

citizens according to its nature and can cause local environmental damage, it would be of 

great importance to publish a manual referred to HHW handling and identification, designed 

for domestic use.  

Keywords: household hazardous waste, hazardous waste management, domestic waste 

handling 
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Abstract  

Rupturewort (Herniaria glabra L.) is a herbaceous medicinal plant belonging to the family 

Caryophyllaceae. Plants from the genus Herniaria are primarily used as diuretics for the 

treatment of kidney and gallstones, gout, urinary tract infections, hypertension, and diabetes. 

The aerial parts of the rupturewort (Herniariae herba), used as a medicinal part of the plant, 

contain approximately 3% of triterpenic saponosides, coumarin, and its derivatives, flavonoid 

heterosides, up to 0.6% essential oil and a few alkaloids of unknown structure.   

The aim of the present paper was to analyze the effect of hydrodistillation on the content of 

residual antioxidants from Herniariae herba by comparing the chemical composition and 

antioxidant activity of ethanolic extracts (EE) obtained from plant material (PM) used for 

essential oil (EO) isolation and waste plant material (WPM) obtained after EO isolation.  

The plant material was purchased from the Institute for Medicinal Plants Research, "Dr. 

Josif Pancic". The essential oil was isolated by Clevenger hydrodistillation for 2 hours using a 

hydromodulus of 1:10 m/V. The ethanolic extracts were obtained by Soxhlet extraction for 4 

h (PM) and 3.5 h (WPM) using a solvomodule of 1:10 m/V. The chemical composition of the 

extracts obtained was determined by the UHPLC-DAD-ESI-MS method. The contents of total 

phenols (TPC) and total flavonoids (TFC) were determined by the Folin-Ciocalteu method 

and the AlCl3 method, respectively, while the antioxidant activity was determined by the 

DPPH assay.  

According to the results obtained, ethanolic extracts were rich in phenolic acids (e.g., 4-O-

caffeoyl-quinic acid) and flavonoids (e.g., oxytroflavoside A). The TPC and TFC for 

ethanolic extracts obtained from PM and WPM were 87.9 mg GAE/g of dry extract and           

78.2 mg GAE/g of dry extract; and 36.2 mg QE/g of dry extract and 58.0 mg QE/g of dry 

extract, respectively. According to the EC50 values obtained, both the EEWPM (0.10 mg/cm
3
) 

and the EEPM showed better (0.14 mg/cm
3
) antioxidant activity in comparison to the 

synthetic antioxidant butylated hydroxy toluene (0.43 mg/cm
3
) after 20 minutes of incubation 
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with DPPH radical. Ethanolic extract of the WPM showed higher TFC and a better 

antioxidant activity in comparison to the EEPM.  

It could be concluded that solid waste from hydrodistillation of Hernariae herba could be 

used as a potential source of antioxidants and should be treated as a hydrodistillation co-

product and not as its by-product  

Keywords: waste plant material, rupturewort, hydrodistillation by-product 
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Abstract 

Dimethyl fumarate (DMF) serves as the active ingredient in medications designed to treat 

relapsing forms of multiple sclerosis, yet there is a notable absence of specific monographs 

for this compound in available pharmacopeia’s. Nevertheless, various instrumental 

chromatographic techniques are employed to determine the concentration of DMF across 

diverse matrices. 

This study endeavours to highlight the viability of merging structural instrumental 

analytical methods with a simple classical volumetric approach utilizing a cost-effective, non-

toxic, and natural indicator - the ethanol extract of Curcuma longa powder. The primary aim 

is to accurately determine DMF assay in commercial samples without utilizing certified 

reference materials (CRM). 

Samples of DMF procured from a commercial supplier underwent analysis employing 

instrumental techniques including GC/MS, IR, and NMR. An innovative titrimetric method 

for determining DMF content involved ultrasonically assisted alkaline hydrolysis by sodium 

hydroxide solution at 70°C for 15 minutes, followed by back titration of excess alkali using a 

standard hydrochloric acid solution and the ethanol extract of Curcuma longa powder as an 

indicator. To evaluate the analytical validity of this innovative method, a modified standard 

method for ester content determination served as a comparative benchmark. This standard 

method entails alkaline hydrolysis of the DMF sample by sodium hydroxide solution, boiling 

for 30 min, and subsequent back titration of excess alkali with a standard hydrochloric acid 

solution, employing phenolphthalein as indicator. 

GC/MS analysis revealed a significant DMF content in the sample (99.9%), with the 

detection of a 0.1% cyclic dimer of dimethyl fumarate, specifically the tetramethyl ester of 
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1,2,3,4-cyclobutanetetracarboxylic acid (TMCBA). However, these findings necessitate 

careful interpretation as they exclusively relate to the compound's gaseous phase. The IR 

spectrum exhibited characteristic absorption bands for DMF, alongside a broad absorption 

band at 3400 to 3000 cm
-1

 region, indicative of fumaric acid (FA). Proton NMR analysis 

highlighted dominant peaks for DMF protons (6.7 and 3.7 ppm) and low-intensity peaks 

around 6.6 ppm, potentially arising from protons attached to α-C atoms of FA carboxyl 

groups. Regarding volumetric techniques for DMF assay determination, it is important to 

emphasize that during the alkaline hydrolysis procedures, all detected fumarate compounds 

present in the commercial material (DMF, TMCBA, and FA) were successfully converted to 

sodium fumarate, with their total content expressed as DMF. Finally, the result of the DMF 

assay obtained using the innovative volumetric method (99.4%, n=5) did not show a 

statistically significant difference compared to the DMF content determined using the 

standard volumetric method (99.3%, n=5). 

Instrumental analyses suggest that the investigated DMF sample exhibits high purity 

(>95%) with low-level impurities (TMCBA and FA), a conclusion supported by DMF content 

results obtained through both standard and innovative volumetric methods (>99%). 

Ultimately, the combining of described instrumental techniques with the innovative method 

for DMF assay determination, using environmental friendly ethanol extract of Curcuma longa 

powder as indicator, represents a successful analytical tool for quantifying DMF content 

without CRM. 

Keywords: dimethyl fumarate analysis, instrumental techniques, environmental-friendly 

indicator, Curcuma longa, volumetric analysis. 
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Abstract 

Undecylenic acid (UDA), a medium-chain fatty acid industrially derived from castor oil, 

naturally occurs in black elderberry. UDA has attracted significant attention due to diverse 

applications in pharmaceutical formulations, particularly as a topical antifungal agent. Recent 

research has even hinted potential role of UDA in inducing apoptosis in tumor cells, further 

elevating its importance in therapeutic contexts. 

The primary objective of this study was to design a rapid and straightforward analytical 

method for determining UDA content in commercially available preparations. The presence 

of a terminal double bond in UDA enables it to undergo addition reactions, rendering it an 

invaluable tool for quantifying UDA concentration in commercial products. 

In pursuit of this objective, a commercially available liquid preparation, sourced from a 

U.S.A. manufacturer (AS), was employed as the UDA test sample. This preparation 

represented a binary mixture of UDA and isopropyl palmitate. Its precise qualitative 

composition was confirmed by GC-MS analysis subsequent to sample derivatization, in 

accordance with the ISO 12966-2:2017 procedure. A novel approach for determining UDA 

content in pharmaceutical preparations was established, drawing upon the ISO 3961:2018 

standard method for determining the iodine value of fats and oils. Initially, the density of the 

AS sample was determined using the pycnometer method. Then, the prescribed AS mass was 

dissolved in n-hexane, and a reaction mixture was prepared by introducing 25.00 mL of 

iodine monochloride (ICl) solution in glacial acetic acid. Ultrasonic sonication facilitated the 

reaction at room temperature for 10 minutes. Subsequently, a 10% potassium iodide solution 

was introduced, and the liberated iodine was titrated using a standard solution of sodium 

thiosulfate. A blank test (without AS) was concurrently conducted applying the same 

procedure. 
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The results of this innovative method showcased a calculated mass/volume concentration 

of UDA in the tested sample at 25.1% (n=5). This finding closely aligned with results 

obtained utilizing the European Pharmacopoeia method for UDA assay determination, which 

yielded a UDA concentration in AS of 25.2% (n=5). This robust correlation underscores the 

efficacy of the new method for rapid and uncomplicated determination of UDA content in 

commercial pharmaceutical products devoid of auxiliary substances, which chemically react 

with the halogenating reagent, ICl [7]. The novel advantage of this method (over conventional 

chromatographic techniques) lies in its economic accessibility. Eschewing the necessity for 

analytical instruments, complex sample derivatization, or the procurement of expensive 

certified reference materials, this method offers a cost-effective solution without 

compromising accuracy. 

In conclusion, the rapidity and simplicity of this innovative method render it as viable 

option for routine UDA content determination in pharmaceutical preparations. However 

further research, involving a broader spectrum of pharmaceutical products containing UDA, is 

mandatory to fully explore the applicability of this technique in routine analytical practice.  

Keywords: undecylenic acid, antifungal agent, pharmaceutical analysis, volumetric 

technique, rapid determination  

 

ACKNOWLEDGEMENT 

The support from the Ministry of Science, Technological Development and Innovation of 

Republic of Serbia (Contracts numbers: 451-03-66/2024-03/200168, 451-03-66/2024-

03/200288, and 451-03-66/2024- 03/200051) is greatly appreciated.   

 

REFERENCES 

[1] Vanderlei C., Marcele C., Vanderleia B. et al., Chem. Ind. Chem. Eng. Q. 29 (4) (2023) 

263–271. 

[2] Shi D., Zhao Y., Yan H., et al., Int. J. Clin. Pharmacol. Ther. 54 (5) (2016) 343–353. 

[3] Day Z.I., Mayfosh A.J., Giel M.C., et al., Int. J. Mol. Sci. 23 (22) (2022) 14170. 

[4] ISO 3961:2018, Animal and vegetable fats and oils - Determination of iodine value, 

Available on the following link: https://www.iso.org/standard/71868.html 

[5] ISO 12966-2:2017, Animal and vegetable fats and oils - Gas chromatography of fatty acid 

methyl esters, Part 2: Preparation of methyl esters of fatty acids, Available on the following 

link: https://www.iso.org/standard/72142.html 

[6] European Pharmacopoeia Tenth Edition Volume I, European Directorate for the Quality 

of Medicines & Health Care of the Council of Europe, Strasbourg Cedex (2019), p. 4148, 

ISBN: 978-92-871-8912-7. 

[7] Day D., Alsenani N., Alsimaree A., Eur. J. Org. Chem. 2021 (30) (2021) 4299–4307. 

[8] Olivares I.R.B., Souza G.B., Nogueira A.R.A., et al., TrAC, Trends Anal. Chem. 100 

(2018) 53–64. 

 

 



 

755 

 

 

HEALTH RISK ASSESSMENT OF POTENTIALLY TOXIC ELEMENTS IN 

AGRICULTURAL SOIL OF BRANIČEVO DISTRICT 

 

PROCENA ZDRAVSTVENOG RIZIKA OD POTENCIJALNO TOKSIČNIH 

ELEMENATA U POLJOPRIVREDNOM ZEMLJIŠTU BRANIČEVSKOG OKRUGA 

 

Student: Andrijana Miletić
1*

 

Mentor: Antonije Onjia
1
 

1
University of Belgrade, Faculty of Technology and Metallurgy, Karnegijeva 4,                   

11120 Belgrade, SERBIA 

*
amiletic@tmf.bg.ac.rs  

 

Abstract  

The presence of potentially toxic elements (PTEs) in the soil ecosystem is a worldwide 

problem of great concern. As a significant part of the environment, soil represents a source of 

nutrients and habitat for many living beings. A large number of human activities, such as 

industrialization, urbanization, and agriculture have led to PTE pollution of soil. Among these 

activities, agricultural practices can cause significant soil contamination with PTEs due to 

excessive use of pesticides and other chemicals. Because of PTE toxicity and 

bioaccumulation, they are a threat to both environment and human health. A high 

concentration of PTEs can reduce the quality of soil, water, and plants, and also lead to the 

entry of PTEs into the food chain. PTEs from soil can enter the human body through three 

exposure routes: ingestion, inhalation, and dermal contact. The health risk assessment method 

is widely used for the determination of possible non-carcinogenic and carcinogenic effects 

that PTEs cause to human health. 

This research investigated PTE contamination of soil through health risk assessment posed 

by As, Cd, Cr, Cu, Ni, Pb, and Zn. The study was carried out on selected agricultural soil in 

Braničevo district where 200 samples were collected. The non-carcinogenic risk was 

estimated through HQ (hazard quotient) and HI (hazard index), while carcinogenic was 

represented by CR (carcinogenic risk) and TCR (total carcinogenic risk).  

The greatest contribution to non-carcinogenic risk was from As and Cr, while Zn had the 

smallest impact on HI values. The mean value of HI for adults was 0.077, and for children 

0.55, which was far below the threshold limit of 1. In all samples, HI for adults was below 1, 

while regarding children, 7.5% of the samples exceeded the limit value. Carcinogenic risk 

assessment was carried out for potentially carcinogenic elements: As, Cd, Cr, and Pb. The 

highest TCR values for adults were within the acceptable range (1·10
-6

 - 1·10
-4

), while the 

maximum TCR value for children was 1.29·10
-4

, which is above the permissible limit of      

1·10
-4

. Regarding adults, all samples showed acceptable or insignificant carcinogenic risk, 

while a TCR value greater than 1·10
-4

 was recorded only in 0.5% of the samples for children. 
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The majority of the investigated agricultural soil samples were categorized by extremely 

low non-carcinogenic and carcinogenic risks. Compared to adults, children were more 

exposed to both non-carcinogenic and carcinogenic risks. The health risks posed by ingestion 

and dermal contact were the highest. Only a small number of samples showed elevated TCR 

and HI values. Therefore, it can be concluded that for both populations, the health risk results 

were within the permissible limits. 

Keywords: agriculture, soil pollution, non-carcinogenic risk, carcinogenic risk 
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Abstract  

Indoor and outdoor air exchange has an important role in indoor air quality in schools. This 

is particularly important for urban areas where increased concentrations of outdoor air 

pollutants impact indoor air quality and adversely affect student health. The aim of this study 

was to assess the relationship between fine particulate matter (PM2.5), carbon dioxide (CO2), 

formaldehyde (HCHO), and total volatile organic compound (TVOC) concentrations in 

indoor and outdoor air of school environment when classrooms are occupied and unoccupied. 

The research was conducted from 16 February to 01 March 2024 at a high school located 

in the center of Belgrade. Low-cost sensors (BRAMC BR-SMART-128SE 5-in-1 Air Quality 

Monitor) were used for measuring concentrations of PM2.5, CO2, HCHO, and TVOC. The 

sensors were fixed indoors in a classroom located on the first floor of the main building and 

outdoors on the ground in front of the school to determine air pollution concentrations. The 

classroom has natural ventilation and is occupied by students from 8:00 a.m. to 8:20 p.m. on 

weekdays. 

The results found that average indoor concentrations of PM2.5 during weekdays                      

(16.1 ± 10.2 vs 36.3 ± 35.2 μg/m
-3

) were higher compared with indoor concentrations during 

weekends (14.3 ± 10.2 vs 35.3 ± 28.1 μg/m
-3

). When the classroom was occupied with 

students the average outdoor concentrations of PM2.5 (15.8 ± 11.9 vs 27.7 ± 26.1 μg/m
-3

) were 

higher than outdoor concentrations in the period when the classroom was unoccupied              

(16.4 ± 9.3 vs 45.6 ± 40.9 μg/m
-3

). The average indoor and outdoor concentrations of CO2 

during weekdays (630 ± 217 vs 446 ± 24 ppm) were different for indoor concentrations of 

CO2 compared to the concentrations during weekends (475 ± 74 vs 463 ± 55 ppm). Similarly, 

the average indoor and outdoor concentrations of CO2 during weekdays when the classroom 

was occupied with students (689 ± 239 vs 446 ± 24 ppm) were higher only for indoor 

concentrations when the classroom was unoccupied (566 ± 169 vs 446 ± 23 ppm). The 

average indoor and outdoor concentrations of HCHO during weekdays (27.5 ± 19.8 vs            

7.4 ± 5.5 μg/m
-3

) were similar for both indoor and outdoor concentrations during weekends 
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(25.2 ± 6.5 vs 8.6 ± 5.8 μg/m
-3

). The distribution pattern for HCHO concentrations was found 

to be similar during weekdays when the classroom was occupied with students for outdoor 

concentrations (28.5 ± 26.5 vs 8.4 ± 7.3 μg/m
-3

), but slightly decreased indoor concentrations 

for the period when the classroom was unoccupied (26.5 ± 7.6 vs 6.3 ± 1.7 μg/m
-3

). The 

average indoor and outdoor concentrations of TVOC during weekdays (11.6 ± 30.8 vs               

26.5 ± 41.5 μg/m
-3

) were different for both indoor and outdoor concentrations during 

weekends (0.3 ± 1.5 vs 33.9 ± 51.5 μg/m
-3

). When the classroom was occupied with students 

the average indoor and outdoor concentrations of TVOC (15.2 ± 38.5 vs 38.1 ± 50.9 μg/m
-3

) 

were higher compared to indoor and lower for outdoor concentrations when the classroom 

was unoccupied (7.8 ± 18.8 vs 13.9 ± 21.9 μg/m
-3

). 

The results indicate that the average indoor concentrations of PM2.5, CO2, HCHO, and 

TVOC were higher during weekdays compared to the concentrations during weekends, 

despite variations in outdoor concentrations. During weekdays, the average indoor 

concentrations of CO2, HCHO, and TVOC were higher when the classroom was occupied 

with students. These findings indicate that the presence of students in the classroom influence 

the distribution of indoor air pollution concentrations. 

Keywords: school, particulate matter, carbon dioxide, formaldehyde and volatile organic 

compound 
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Abstract 

Evidence of the harmful effects of micro- and nanoparticles of plastic (MPs and NPs, 

respectively) on all living organisms is drawn from numerous studies conducted on animal 

models, as well as in vitro conditions on human cells. The considered micro- and nano-

particles have dimensions of 1–5000 μm and 1–1000 nm, respectively. Regarding their origin, 

plastic particles could be classified as primary (intentionally made to those dimensions) or 

secondary (formed by degradation of larger pieces). 

The health risks of MPs/NPs depend on the hazardous characteristics of the particles and 

the level of exposure. Plastic poses two main categories of negative effects to humans. 

Physical effects are related to their presence in organisms and primarily are determined by 

their size, shape, and concentration. Chemical effects are associated with the polymer 

composition, release of chemical additives, and the presence of toxic compounds adsorbed on 

the external surface of particles. Exposure to MPs/NPs occurs primarily via ingestion, 

respiration, and/or dermal absorption. The primary route of plastic particle exposure is 

through ingestion, mainly by food and water consumption. Sea salt is recognized as a 

microplastic carrier, the annual consumption is from 37 up to 1000 MPs. One of the hazards is 

that humans can potentially accumulate MPs in their bodies by consuming seafood that has 

already accumulated MPs. Humans also exhibit the phenomenon of “casual ingestion” of 

plastics. For example, humans inhale on average from 26 to 130 airborne plastic particles a 

day. Many of the inhaled particles are subjected to clearance mechanisms, such as sneezing, 

the mucociliary escalator, phagocytosis by macrophages, and lymphatic transport. The dermal 

exposure to MPs/NPs is still the subject of ongoing research. Current findings indicate that 

MPs absorbed through the skin could potentially cause skin irritation, inflammation, and 

possible systemic effects. The most common way of dermal exposure to MPs is through 

microbeads added to personal care products. The spherical or irregularly shaped microbeads 

added to facial cleansers, bath gels, toothpaste, and makeup are used as cleansers or 

exfoliators. 
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In general, exposure to MPs and NPs could lead to gastrointestinal blockages, mental 

disorders, asthma, allergies, and chronic lung inflammation. Moreover, the release of harmful 

substances, such as antimony and heavy metals (arsenic, cadmium, chromium, lead, mercury) 

from MPs/NPs can increase health risks, including the development of cancer. Recycled 

plastic materials pose additional hazards due to the presence of catalysts, added because of 

reduced stability compared to virgin plastic. The leaching of various chemicals from plastic 

(plasticizers, antioxidants, phthalates, bisphenol A-based polycarbonates, polybrominated 

diphenyl ethers, bisphenols, clarifiers, flame retardants, colorants, etc.) can lead to a series of 

health problems because they can act as endocrine disruptors, which can result in diabetes, 

obesity, and problems in reproductive health. 

The importance of addressing the problem of micro- and nanoparticle pollution of the 

environment and their adverse effects on human health requires further research for a better 

understanding of the involved mechanisms and for developing strategies to reduce the 

exposure of humans to these harmful pollutants. 

Keywords: waste, microplastic, neoplastic, exposure, health risks 
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Abstract  

As various branches of industry have progressed and adapted to the demands of modern 

society, there has been a rapid increase in demand for materials capable of meeting 

increasingly complex performance requirements and standards. In this context, magnesium 

and its alloys have emerged as key materials that have found application in various sectors, 

from aerospace and automotive industries to electronics, sports, and even the medical 

industry. Their unique combination of lightweight, high strength and good corrosion 

resistance makes them indispensable in many applications. The use of magnesium and its 

alloys in aerospace brings advantages such as reducing the weight of aircraft, contributing to 

improved performance and fuel efficiency. In the automotive industry, these materials are 

used to produce lightweight and environmentally friendly vehicle components, leading to 

reduced fuel consumption and emissions of harmful gases. The electronics industry also 

utilizes magnesium and its alloys for their high electrical conductivity and ability to absorb 

electromagnetic waves. In sports, particularly in the production of sports equipment such as 

bicycles, tennis rackets, and golf clubs, magnesium is used for its exceptional strength and 

lightness. However, despite their many advantages, such as high specific strength and good 

thermal and electrical conductivity, magnesium and its alloys face challenges such as 

sensitivity to high temperatures and susceptibility to corrosion in certain environments. 

Corrosion can be a particular issue, especially in industries requiring long-term and reliable 

material protection. This paper provides a deeper insight into the characteristics of 

magnesium and its alloys, explores various manufacturing processes and applications, and 

identifies areas for improvement to better meet the requirements of future applications. For 

example, the extrusion process is often used to shape magnesium alloys into various forms 

and parts, enabling improved control over the material's structure and properties. Given their 

significance in various sectors, further research and innovation are crucial to realizing the full 

potential of magnesium and its alloys in modern industry. Additionally, it is important to 

develop advanced methods for corrosion protection and improve the thermal stability of these 

materials to expand their application possibilities and ensure their long-term use in various 

operating conditions. 

Keywords: magnesium, alloys, corrosion, extrusion, anisotropy. 
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