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PREFACE

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

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

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

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

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

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

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

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

Prof. Snezana Serbula,

President of the scientific and organizing committee
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Abstract

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 uA/Mcm?. 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 pA/uMcm? 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 B-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 B-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 (H.0O.), which produced an
electrochemical signal. Experimental data showed that this method gives possibility for
quantitative detection of Cefquinome from 0.1 to 8 pg/L and the limit detection was 0.16
ug/L, which represents a much smaller value than the maximum residue limit of 5ug/Lset by
the European Union. The limit of detection of spiked milk samples with cefalexin,
cefquinoxime, cefotafur, penicillin G and ampicillin were 14.88 pg/L, 2.46 ng/L, 17.16 pg/L,
0.06 pg/L, 0.21 pg/L and the limits of quantitation (LOQ) were 36.09 pg/L, 5.40 pg/L,
41.45 pg/L, 0.13 pg/L, 0.42 pg/L, respectively. Investigated electrochemical sensor showed
that it can be successfully applied for the assessment of -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 0.03-25uM 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 uM/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 0.01umol/L and linearity over a concentration
range of 0.2 to 7.2 uM/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 (TisAlC,max AND/GCE) featured in as sensor [14]. Great
electrolcatalytic activity for the oxidation of Levofloxacin is exhibited by the Activated
Nanodiamond (AND) and TizAlC, max phase (TizAlComax) Nanocomposite-modified glassy
carbon electrode (TizAlC.max 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 (CoCo,0, NRs/h-BN/GCE) for the
determination of veterinary antibiotic drug ronidazole (RNZ) [1]. The CoCo0,0, nanorods
were prepared by cetyl trimethyl ammonium bromide (CTAB) assisted hydrothermal method
and the CoCo,04 NRs/h-BN composite was prepared using an ultra-sonication/stirring
process. Modified electrode nanocomposite CoC0,0, NRs/h-BN showed lower LOD of 3nM
and highest sensitivity of 5.845 pA/uMcm? 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 nA/uMcm?; wide linear range 0.01-10.61 and 20.61-1630.61 uM; and low
detection limit (LOD) of 0.006 uM. 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 102 M to 10”7 M, and an impressive detection limit of
1.6-10"*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-SnO; 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-SnO,
electrode. The SPE/rGO-SnO, electrode exhibited the largest active surface area
(0.0252 cm?), which enabled faster electron transfer. In addition, the SPE/rGO-SnO; electrode
showed an impressively low detection limit of 2.03uM in a concentration range of 30—100uM
for Ciprofloxacin, setting a new benchmark for the sensitivity of 9.348 pA/uM 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 (NiWOQO,)
nanosheets which were anchored with the carbon nanofiber (CNF) to produce CNF/NiWO,
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/NiWO, 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 uM, a wide linear response range of
0.01-650 pM, and a higher sensitivity of 0.274 pA/uMcm?. 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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