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Abstract

In this paper, is studied the feasibility of preparing an electrochemical sensor
based on carbon paste to determine one of the most commonly used antibiotics
in our country, such as Tetracycline (TET). Various environmental and health
agencies around the world emphasize moderate uses of these medications
since they are often abused and can be disposed of indiscriminately with other
untreated waste, becoming a potential for pollution of habitats or waters
through which they may pass. The prepared sensor is based on carbon paste
modified with 20% ZnO and after optimizing of indifferent electrolyte, pH and
working conditions of the electrochemical techniques used, the detection limit
for the target analyte TET was calculated from the calibration curve with the
SWV technique, which resulted in about 4.5 ppm with RSD 9%, with a
sensitivity of the method approximately 8 uA/ppm and a correlation above
0.99 for the linear range 3-18 ppm. Morphological characterization of the
modified carbon paste with SEM and EDX, provide an overview of the
distribution of the modifier in the paste and the sizes that correspond to nm
dimensions.
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Pérmbledhje:

Né kété punim, studiohet munésia e pérgatitjes té njé sensori elektrokimik,
bazuar né pasta karboni pér té pércaktuar njé nga antibiotikét mé té
pérdorshém né vendin toné, por jo vetém, sic éshté Tetraciklina (TET).
Agjensit té ndryshme mjedisore dhe shéndetsore né mbaré botén, vendosin
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theksin né pérdorime té moderuara té kétyre mendikamendteve pasi shpesh
abuzohet me to dhe mund té hidhen pakriter bashké me mbetjet e tjera té cilat
nuk trajtohen, duke u béré potencial pér ndotje té habitateve apo ujérave népér
té cilat ato mund té kalojné.

Sensori i pérgatitur bazohet né pasté karboni té modifikuar 20 % me ZnO dhe
pasi jané optimizuar té gjitha kushtet e punés si elektroliti indiferent, pH i tij
dhe kushtet e punés sé teknikave elektrokimike té pérdoruara u llogarit nga
lakorja e kalibrimit me teknikén SWV, kufiri i diktimit pér analititn target TET,
i cili rezultoi rreth 4.5 ppm me RSD 9%, me njé ndjeshméri té metodés aférsisht
8 uA/ppm dhe koeficenti i korrelacionit mé i madh se 0.99 zonén lineare té
punés 3-18 ppm. Karakterizimi morfologjik i pastés sé karbonit té modifikuar
me SEM dhe EDXs, japin njé pasqyré té shpérndarjes sé modifikuesit né pasté
dhe pérmasave té cilat i pérgjigjen dimensioneve nm.

Fjalé kyce: tetracikliné, pasté karboni, nanogrimca ZnO.
1. Introduction

Tetracycline (TET) determination and antibiotics in general, is essential for
safeguarding public health, preventing antibiotic resistance, ensuring food
safety and maintaining environmental quality. Tetracycline is commonly used
in livestock to prevent or treat bacterial infections, (Zelalem Bitew, Meareg
Amare , 2020). Improper use or insufficient withdrawal periods can lead to its
residues in animal-derived food products like milk, meat, and eggs. The
overuse of tetracycline in agriculture and medicine contributes to the
development of antibiotic-resistant bacteria, a growing global health concern.
(Jose Luis Martinez, 2009)

Monitoring tetracycline levels can help enforce regulations to curb overuse
and misuse. Tetracycline residues can enter water systems through agricultural
runoff and improperly treated waste, promoting the spread of resistance genes
in the environment. Regulatory agencies, such as the FDA, EMA, and WHO,
set maximum residue limits (MRLs) for antibiotics in food products to ensure
consumer safety (Mohammad Oves, Mohammad Omaish Ansari, Mohammad
Zain Khan, Mohammad Shahadat, Igbal M.I. Ismail, 2020).

Quantification of TET concentrations in water and soil helps assess the extent
of pollution from agricultural and industrial sources and its potential
ecological impact. The determination of these analytes by classical
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chromatographic methods often requires long analysis time, significant costs
and qualified personnel. (Fatimah Alanazi, Rawan Almugbel, Hadir M Mabher,
Faten M Alodaib, Nourah Z Alzoman, 2023), (Ewelina Patyra, Krzysztof
Kwiatek, 2016).

In the other side, electrochemical-based biosensors methods that convert a
biological event to an electrochemical signal that can measured, offer
important advantages related with simplicity, low cost, sensitivity and
selectivity. (Seyed Hamid Jalalian, Niloofar Karimabadi, Mohammad
Ramezani, Khalil Abnous, Seyed Mohammad Taghdisi, 2018).

For this purpose, has been studied the possibility of developing an
electrochemical sensor to quantify tetracycline. The sensor is based on carbon
paste and modifiers, increasing selectivity, reducing detection limit and
analysis time and all operating conditions are optimized. (Pavlina Landova,
Milada Vavrova, 2017)

Carbon paste electrodes (CPEs) can be easily modified with various materials,
such as nanoparticles, polymers, enzymes, or molecularly imprinted polymers
(MIPs), to enhance selectivity and sensitivity. The electrode surface can be
renewed by simply replacing or reshaping the paste, ensuring consistent
performance and avoiding fouling issues (Alfredo J. T. Bosco, Eliana M.
Alhadeff, Francisca das C. S. S. Mihos, Lidia Yokoyama, Victor M. Santos,
Ninoska I. Bojorge Ramirez, 2015). They exhibit a broad potential range
suitable for many redox reactions includes antibiotics. (Nagwa Abo El Maali,
Azza M.M. Ali, Mahmoud Khodari, M.A. Ghandour, 1991)

2-Materials and methods

1.1 Electrochemical methods

Electrochemical methods such as Square Wave Voltammetry (SWV) and
Difterential Pulse Voltammetry (DPV) are widely used for the sensitive and
selective determination of antibiotics (Louis Ramaley, Matthew S. Krause,
1969). SWV applies a square-wave potential superimposed on a staircase
potential, the current response is measured as the difference between the
forward and reverse pulses and this differential approach enhances sensitivity
and reduces background noise. DPV applies a series of potential pulses
superimposed on a linear sweep, the current is measured just before the end of
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each pulse to reduce the influence of capacitive currents and the difference
between currents at successive pulses is recorded to produce a voltammogram.
(Valentin Mirceski, Stawomira Skrzypek, Leon Stojanov, 2018)
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Figure 1 The potential waveform (B1) and voltammogram (B2) of
differential pulse voltammetry, in the potential waveform, T is the waveform
period, and S1 and S2 are the two current sampling points; the typical
potential waveform (C1) of square wave voltammetry, AE is the potential
increment, T is the potential period. The response current consists of forward
(anodic current) and reverse (cathodic current) components (dashed line in
(C2)), and their difference results in a net current (solid line in (C2)
(Jingjing Liu , Yifei Xu, Shikun Liu, , Shixin Yu, Zhirun Yu, Sze Shin Low,
2022)

All electrochemical measurement, in this study are performed with PalmSens
4 (PalmSens, De Indruk, The Netherlands), potentiostat—galvanostat, running
three-electrode system, a platinum electrode was the counter, Ag/ AgCl/CI (in
KCL 3M) as the reference electrode and the carbon paste (CPE) as working
electrodes.
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1.2 Carbon paste electrodes

The unmodified carbon paste sensor is prepared by mechanically mixing
graphite powder with particle size of 70-90 um with paraffin in certain ratios,
optimized before, in an agate mortar for about one hour and then stored in a
refrigerator at 4°C for 24 hours. The carbon paste is packed into about 1 cm
of the length of the syringe where a copper wire is placed to enables electrical
contact.

1.3  Modified carbon paste electrodes

The modified sensor is prepared in similar way as the unmodified sensor by
adding the modifier during homogenization of the carbon powder and paraffin.
Than the composite is placed in a refrigerator (4°C) for 24 hours, then
packaged in the body of sensor. The table 1 summarizes the ratio between each
component used for different modified CPEs.

Table 1. The amounts of carbon powder, paraffin, and amount of modifiers
used to prepare the different types of modified CPE

Carbon Amount of
No. powder Binder Type of modifier .
(71-91 pm) Modifier (g)
1 1 Paraffin 300 i i
g uL
Paraffin 300 | Graphene oxide
2 lg uL (GO) 0.1
3 | Paraffin 300 | Reduce Graphene 0.1
& uL oxide (rGO) '
4 Ig iirafﬁn 3001 Zinc oxide (ZnO) | 0.1
5 lg Paraffin 300 710 0.2
pL
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6 2¢ i"fafﬁn 6001 G0 and zno 0.1 and 0.1

GO in which is
Paraffin 300 doped ZnO

oL 0.1
(GO@ZnO)

2.4. Reagents and modifiers.

All reagents were of analytical grade (Sigma and Merck, by Merck, KGaA
Darmstadt, Germany). Synthetic graphite powder (90—71 um particle size)
was obtained from Alfa Aesar (99.9% Alfa Aesar, by Thermo Scientific
Chemicals, MA, USA), and paraffin oil (Olio di Vaselina, by Humanitas,
Milano, Italia) was supplied by Zeta Farmaceutici (Sandrigo VI, Italy). ATET
freshly stock solution was prepared in distillate water and refrigerated at 4 °C.

The ZnO nanoparticles are prepared following the recommended procedure:
in 1.43 g ZnSO4 x 7TH>0, add 5.23 g Na3C¢HoO9 and 100mL H>O while mixing
(lightly). Then add 1 g NaOH and leave the mixture for 2 hours in stirring
conditions. The mixture is transferred to a plastic tube and perform
centrifugation (5 min, 10000 rpm, RTP). Wash the precipitate (3 times with
distillate H>O and leave it at 60°C for 12 hours. (Vinoda B. Patil, Davalasab
Ilager, Suresh M. Tuwar, Kunal Mondal, Nagaraj P. Shetti , 2022)

GO was prepared using Hummer method slightly modified. 1.5 g of graphene,
1.5 g of sodium nitrate (NaNO3) and 69 mL of concentrated sulfuric acid
(H2SO4 cc) was added in a beaker and the mixture was continuously stirred
until a homogeneous solution was achieved. Then, the beaker was placed in a
container filled with ice and continuously stirred for 15 minutes. 9 g of
potassium permanganate (KMnOs) was slowly added to the mixture and the
beaker was placed in continuous magnetic stirring for 1 hour at room
temperature. Afterwards, again it was transferred to a container with ice and
100 mL of distilled water was slowly added to the solution. Then, heated in a
furnace at a temperature exceeding 90°C for 1 hour. After heating, 300 mL of
distilled water were added and 10 mL of H>O2 30%. The solution was placed
in an ultrasonic bath for 30 minutes at a temperature of 25°C.
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Then 0.1 g GO, 0.1 g ZnO and 15 mL distilled water mixed for 24 h in RTP,
then for 4 h the mixture is placed in an ultrasound bath and for 5 min in
centrifugation at 5000 rpm, then dried in a thermostat for 4 h at 50° C.

Carbon powder is homogenized in a mortar with GO@ZnO and paraffin and
finally packaged in a syringe, ready to measurement. (Maxim K. Rabchinskii,
Maksim V. Gudkov, Dina Yu. Stolyarova, 2021).

2. Results and discussion
2.1  Optimization of the modifier

Modified CPE shown in Tab 1 are tested in an electrochemical cell of 15 mL
of 0.1 M acetate buffer with pH 5. All measurements are performed using the
SWYV technique under the following conditions teq= 10 s, Epeg= 0 V, Eena =1.5
V, Estep= 5 mV, Amplitude =50 mV, frequency =10 Hz. The signals obtained
due to application of standard additions of TET solution are used to construct
the calibration graphs. Tab 3 shows the linear equations that represent the
behaviour of each electrochemical sensor. Obviously CPE modified with ZnO
shows the highest sensitivity.

Table 3. TET calibration curve equation for different types of modified CPE

CPE y=97.611x + 18.438
CPE GO y =31.685x + 55.158
CPE rGO y =42.737x + 6.3127
CPE ZnO y = 151.58x + 33.672
CPE ZnO (X2) y = 224.05x + 39.826
CPE GO, ZnO y = 142.24x + 37.19
CPE GO@ZnO y = 182.88x + 44.629

2.2 Modifier characterisation

A morphological characterization of the surface of the ZnO modified CPE was
performed using SEM and EDX techniques (Fig.2, Fig. 3)
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Figure 3 EDX spectrum of the CPE modified with ZnO

100pm

It is noted that the modifiers used are well distributed in the carbon paste and
the size of the particles corresponds to their nanometre order.

2.3  Optimization of the buffer and pH

Optimisation of pH and the indifferent electrolyte is done using the CPE
modified with 20% synthesized ZnO. Measurements were performed using
SWV technique following the above mentioned conditions in 15 mL
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indifferent electrolyte. The peaks current obtained in the presence of TET
0.5mM are summarized in the Table 4

Table. 4 The peak current (WA) displayed for different types of buffer, in the
presence of 0.5 mM TET. SWV technique is used with these conditions
teq=10'S, Ebeg =0V, Eend = 1.5V, Egep = 5 mV, Amplitude = 50 mV,
frequency = 10 Hz

Types of buffer I of peak (nA)
a. Acetate buffer 0.1 M, pH 5 136.6
b. Acetate buffer 0.2 M, pH 5 158.9
C. Acetate buffer 1 M, pH 5 150.0
d. phosphate buffer 0.1 M, pH 7.5 140.5
e. PBS buffer 0.1 M, pH 7.5 131.1
f. PBS buffer 0.1 M, pH 8 125.4
g. PBS buffer 0.1 M, pH 6.5 113.9
h. TRIS-HCI 20 mM, NaCl 50 mM,

30.8
pH 7.5
. TRIS-HCI 20 mM, NaCl 50 mM, 104.1
10 mM MgCl, , pH 7.5 ’
J. TRIS-HCI 20 mM, NaCl1100 mM,
MgCl; 2 mM, KCI 5§ mM, CaCl, 1 mM, | 46.2
pH 7.5

As it is shown, the peak current intensity is better displayed by acetate buffer
0.2 M, pH 5. Because of pH is generally important factor in the progress of a
redox reaction further optimization are performed. The dependence of peak
current from the pH of acetate buffer 0.2 M is studied. In Fig 4 are shown the
SWVs recorded in different pH of acetate buffer in the presence of the same
concentration of TET (0.5 mM).
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Figure 4 Voltammograms of SWYV technique (teq 10 s, Epeg O V, Ecna 1.5V,
Estep 5 mV, Amplitude 50 mV, frequency 10 Hz), in 15 mL of acetate buffer
0.2 M with different pH and addition of 0.5 mM TET.

From the shape of the voltammograms the pH 5.6 is more suitable for
identification of TET measurements compared to the others cases.

2.4  Optimization of the working condition for SWV and DPV
technique

Working parameters of SWV for detection of TET are optimized using the
electrolyte cell 0.2 M acetate buffer with pH 5.6 and 0.5 mM of TET varying
the Estep (ImV- 10mV), Amplitude (10 mV- 100 mV), Frequency (1 Hz - 50
Hz), Teq (60 s - 0 s). Based on the shape of the peak current, the best
parameters resulted: Teq= 60 s, Ebeg= 0.5 V, Eend= 1.5 V, Estep= 5 mV,
Amplitude = 50 mV and Frequency = 100 Hz.

2.5 Analytical Performance of CPE/ZnO(x2) for TET Determination

Analytical performance of the CPE/ZnO(x2) for TET determination is studied
using SWV under the optimized parameters and three electrode system:
CPE/ZnO(x2) (working), Ag/ AgCl/ CI- (reference electrode) and Pt (counter
electrode). The addition of standard solution of TET are applied in 15 mL of
0.2 M acetate buffer and pH 5.6. The voltammograms are shown in fig 4 and
the dependence of peak current to TET concentration in Fig 5.
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Figure 4 Voltammograms for SWV measurements with teq =60 s, E beg =
0.5V,Eend =15V, E step =5 mV, Amplitude = 50 mV, frequency= 100
Hz of the ZnO 20 % carbon paste electrode. TET concentrations varied
6UM-2 mM in acetate buffer at pH 5.6
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Figure 5 a) calibration curve and b) linear range derived from SWVs (teq =
60s, Ebeg=0.5V,Eend =15V, E step =5 mV, Amplitude= 50 mV,
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frequency = 100 Hz), using CPE modified with 20% ZnO, in acetate buffer
pH 5.6. Concentration of TET 6uM -2 mM

Referring to three replicates in linear range of calibration graph the analytical
performance parameters are calculated and are shown in Table 5.

Table 5 Analytical performance parameters for measurements with the SWV
technique under optimized conditions, in 0.2 M acetate buffer, pH 5.6, with
the CPE/ZnO(x2) electrode.

| S| e | LOD RS
ppm

1 7.9 0.9962 3-18 4.4

2 8.3 0.9985 3-18 4.2 9.4

3 7.7 0.9971 3-18 5.2

3.6 Study of interferences in the determination of TET

Possible interferes that could affect the quantification of TET using the
developed sensor under the optimal chemical and technical conditions are
studied. SWVs are recorded in the presence of other antibiotics such as
Ampicillin, Azithromycin and Penicillin. In the optimized electrochemical cell
and in the presence of 10 uM interferent (AZI/AMPIC/PEN), are recorded
SWVs after each TET additions. In Fig. 7 are shown the calibration graphs in
the presence and absence of interferes. It is shown that the three antibiotics
affect the signal of TET consequently the sensitivity is decreased. The
interference of AZI resulted higher due to the fact that both of these antibiotics
(TET and AZI) have the oxidation potentials close to each other.
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Figure 7 Calibration graphs of TET using CPE/ZnO in the presence and
absence of interferent (AMPIC, AZI, PEN)

3.7 Determination of TET in synthetic sample

The standard addition method is applied to test the developed sensor using a
synthetic sample containing TET. The calibration graph of standard addition
methods in optimised parameters is shown in fig. 8.

< 75 y = 3463.2x + 5.2011
= R2=0.9994
50
25
-0.005 0.005 0.01 0.015 0.02
Cadd TET mM
-25

Figure 8 Standard addition method for a synthetic sample of TET measure
with SWV (Teq= 600 s, Ebeg= 0.5V, Eend= 1.5V, Estep=5 mV,
Amplitude= 50 mV and frequency = 100 Hz) using CPE/ZnO



129 JNS 36/2024

Based on the calculations performed, the concentration of TET in the synthetic
sample containing 5 pM TET resulted to be approximately 4.5 uM
corresponding to 80% accuracy of the result.

Conclusions

In this paper was developed a new sensitive and selective electrochemical
sensor for antibiotic (TET) determination based in modification of CPE using
ZnO nanoparticles. The modifier was successfully synthesized in the lab
which was confirmed by characterization techniques (SEM and EDX). The
CPE-ZnO sensor displays a good sensitivity (8 pA/ppm), in a linear working
range up to ImM, with correlation coefficient R=0.9972 and detection limit of
4.5 ppm.

The proposed sensor was tested in the determination of TET in synthetic
samples. Other antibiotics interfere the TET determination, which can be
avoided using the standard addition method. In conclusion, the proposed
modified CPE shows great promise for the determination of TET-
contaminated samples.

Acknowledgements

The authors gratefully acknowledged support from SUSNANO project
101059266 “Twinning to boost the scientific and innovation capacity of the
Universiteti 1 Tiran€s to develop sustainable nanosensors for water pollution
detection”. The authors gratefully acknowledged the assistance provided by
the Institut Catala de Nanociencia 1 Nanotecnologia (ICN2), Barcelona, Spain
for performing the morphological characterizations SEM and EDXS

measurements. The authors would like to thank also NASRI for great support
in the frame of NASRI-TUBITAK bilateral project.

References

Alfredo J. T. Bosco, Eliana M. Alhadeff, Francisca das C. S. S. Mihos, Lidia Yokoyama, Victor
M. Santos, Ninoska I. Bojorge Ramirez. (2015). Optimization of Method of Preparing Carbon
Paste  Electrode. Chemical engineering transactions, vol. 43, 2443-2448.
doi:10.3303/CET 1543408

Azizallah Feizollahi, Amir Abbas Rafati, Parnaz Assari, Roghayeh Asadpour. (2021).
Development of an electrochemical sensor for the determination of antibiotic sulfamethazine
in cow milk using graphene oxide decorated with Cu—Ag. Anal. Methods, 910-917.



130 JNS 36/2024

Bacanli, M. G. (2024). The two faces of antibiotics: an overview of the effects of antibiotic
residues in foodstuffs. Archives of Toxicology, 98, 1717-1725.

Bing Yan, Bin Zhang. (2011). Analytical methods in combinatorial chemistry. Usa: taylor and
francis group.

Burke A. Cunha, M. M. (2015). ANTIBIOTIC ESSENTIALS. Jaypee Brothers Medical
Publishers.

Donald, A. M. (1978). Method for Antibiotic Determination in Animal Tissue, As Applied to
Lasalocid. ANAL. CHEM, 1214-1221.

Elmad S. Elmolla, Malay Chaudhuri. (2009). Degradation of amoxicillin ampicillin and
cloxacillin antibiotics in aqueous solution by the UVZnO photocatalytic process. Journal of
Hazardous Materials, 445-449.

Ewelina Patyra, Krzysztof Kwiatek. (2016). Analytical procedure for the determination of
tetracyclines in medicated feedingstuffs by liquid chromatography-mass spectrometry. 35-41.

Fatimah Alanazi, Rawan Almugbel, Hadir M Maher, Faten M Alodaib, Nourah Z Alzoman.
(2023). Determination of tetracycline, oxytetracycline and chlortetracycline residues in
seafood products of Saudi Arabia using high performance liquid chromatography—Photo diode
array detection. Saudi pharmaceutical journal : SPJ : the official publication of the Saudi
Pharmaceutical Society, 29(6).

Gallagher, Jason C., MacDougall, Conan;. (2018). Antibiotics simplified. Burlington, USA:
Cathy L. Esperti.

Jian-guo Xu,Li Yao,Lin Cheng,Chao Yan, Wei Chen. (2018). Development of Aptamer-Based
Electrochemical Methods. In (. Yiyang Dong, Aptamers for Analytical Applications: Affinity
Acquisition and Method Design (pp. 242-271). PR China: Wiley-

VCHVerlagGmbH&Co. KGaA.

Jianlin Sun, Shaonan Du. (2019). Application of graphene derivatives and their
nanocomposites in tribology and lubrication: a review. RSC Advances, 40642-40661 .

Jose Luis Martinez. (2009). Environmental pollution by antibiotics and by antibiotic
resistance determinants. Environmental pollution, 2893-2902.

Louis Ramaley, Matthew S. Krause. (1969). Theory of Square Wave Voltammetry. In
analytical chemistry (pp. 1362-1365). Tucson: American Chemical Society.

Lucas Vinicius de Faria, Thalles Pedrosa Lisboa, Naira da Silva Campos, Guilherme Figueira
Alves, Maria Auxiliadora Costa Matos, Renato Camargo Matos, Rodrigo Alejandro Abarza
Munoz. (2021). Electrochemical methods for the determination of antibiotic residues in milk:
A critical review. Analytica Chimica Acta, Elsevier, Article 338569.



131 JNS 36/2024

Mahbobeh Javidi, Mohammad Reza Housaindokht, Asma Verdian, Bibi Marzieh
Razavizadeh. (2018). Detection of chloramphenicol using a novel apta-sensing platform based
on aptamer terminal-lock in milk samples. Analytica Chimica Acta, Elsevier, 116-123.

Massart D.L., Vandeginste B.G.M., Deming S.N., Michotte Y., Kaufman L.,. (1988).
Chemometrics. Elsevier.

Maxim K. Rabchinskii, Maksim V. Gudkov, Dina Yu. Stolyarova. (2021). Graphene Chemical
Derivatives Synthesis and Applications: State of the Art and Perspectives. In G. K. (ED.), 2D
Functional Nanomaterials: Synthesis, Characterization and Applications (pp. 1-19).
Wienheim, Germany: Wiley-VCH GmbH.

Merkogi, A. (2008). Biosensing using nanomaterials. (A. Merkoci, Ed.) Bellaterra, Catalonia,
Spain: John Wiley & Sons, Inc., Hoboken, New Jersey.

Miller N. J., Miller C. J. (2010). Statistics and chemometrics for analytical chemistry (6th
Ed.). . Harlow, UK.: Pearson Education Limited,.

Nagwa Abo El Maali, Azza M.M. Ali, Mahmoud Khodari, M.A. Ghandour. (1991). Cathodic
stripping voltammetric determination of the cephalosporin antibiotic Ceftriaxone at the
mercury electrode in aqueous and biological media. Bioelectrochemistry and Bioenergetics,
J. ElectroanalL Chem., and constituting Vol. 321, 485-492.

Olga Vajdle, S. S. (2020). Use of carbon paste electrode and modified by gold nanoparticles
for selected macrolide antibiotics determination as standard and in pharmaceutical
preparations. Journal of Electroanalytical Chemistry, 1-5.

Paula Viana, Leonor Meisel, Ana Lopes, Rosario de Jesus, Georgina Sarmento, Sofia Duarte,
Bruno Sepodes, Ana Fernandes, Margarida M. Correia dos Santos, Anabela Almeida, M.
Conceigdo Oliveira. (2021). Identification of Antibiotics in Surface-Groundwater. A Tool
towards the Ecopharmacovigilance Approach: A Portuguese Case-Study. Antibiotics, 10(8),
888-910. doi:https://doi.org/10.3390/antibiotics 10080888

Pavlina Landova, Milada Vavrova. (2017). A new method for macrolide antibiotics
determination in wastewater from three different wastewater treatment plants. Acta Chimica
Slovaca,, 47—53.

Pinar Kara, Alfredo de la Escosura-Mu™niza, Marisa Maltez-da Costa, Maria Guix, Mehmet
Ozsoz, Arben Merkoci. (2010). Aptamers based electrochemical biosensor for protein
detection using carbon nanotubes platforms. Biosensors and Bioelectronics 26 , 1715-1718.

Poinern, G. E. (2015). A Laboratory Course in Nanoscience and Nanotechnology. Australia:
Taylor & Francis Group.

Seyed Hamid Jalalian, Niloofar Karimabadi, Mohammad Ramezani, Khalil Abnous, Seyed
Mohammad Taghdisi. (2018). Electrochemical and optical aptamer-based sensors for
detection of tetracyclines. Trends in Food Science & Technology, Elsevier, 45-57.



132 JNS 36/2024

Susanne A Kraemer, Arthi Ramachandran, Gabriel G Perron. (2019). Antibiotic Pollution in
the Environment: From Microbial Ecology to Public Policy. Microorganisms, 7.

Svetlana Iuliana Polianciuc, Anca Elena Gurzau, Bela Kiss, Maria Georgia Stefan, Felicia
Loghin. (2020). Antibiotics in the environment: causes and consequences. MEDICINE AND
PHARMACY REPORTS, 93(3), 231-240.

Thi Hai Yen Pham , Thi Trang Mai, Hoang Anh Nguyen, Thi Thu Hien Chu, Thi Thu Ha Vu,
Quoc Hung Le . (2021). Voltammetric Determination of Amoxicillin Using a Reduced
Graphite Oxide Nanosheet Electrode. Journal of Analytical Methods in Chemistry , 12.

Valentin Mirceski, Stawomira Skrzypek, Leon Stojanov. (2018). Square-wave voltammetry.
ChemTexts, 4-17.

Vinoda B. Patil, Davalasab Ilager, Suresh M. Tuwar, Kunal Mondal, Nagaraj P. Shetti . (2022).
Nanostructured ZnO-Based Electrochemical Sensor with Anionic Surfactant for the
Electroanalysis of Trimethoprim. Bioengineering, 521.

Wenli Tian, Lingyu Gao, Yazhou Zhao, Wenjun Peng, Zhongzhou Chen. (2013). Simultaneous
determination of metronidazole, chloramphenicol and 10 sulfonamide residues in honey by
LC-MS/MS. Analytical Methods, Royal Society of Chemistry, 1283-1288.

Yosef Nikodimos, Meareg Amare. (2016). Electrochemical Determination of Metronidazole
in Tablet Samples Using Carbon Paste Electrode. Journal of Analytical Methods in Chemistry,
Article ID 3612943.

Zeynep Altintas, (. (2018). Biosensors and Nanotechnology. Berlin, Germany: John Wiley &
Sons, Inc.



