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Bisphenol A (BPA) is an organic compound found in plastic products that used
every day. It is mostly transferred into foods and drinks including water bottles,
lining of food cans, and dental fillings. It is known that BPA is considered as an
endocrine-disrupting compound which related to various kinds of health
concerns such as the development of cancers and reproduction problems. Thus,
the development of a reliable analytical approach for the detection of BPA is an
urgent issue. In this study, electrochemical sensor based on modification of
screen-printed carbon electrode (SPCE) with two fabricated sensor which are
carbon dots-chitosan (CDs-CS) and gold nanopatrticles/carbon dots-chitosan
(AuNPs/CDs-CS) have been explored for the detection of BPA. Each sensor was
prepared using drop casting technique. The detection of BPA using these
sensors was studied employing differential pulse voltammetry (DPV).
Characterization was done by Field emission scanning electron
Microscopy (FESEM) and Energy Dispersive X-Ray Spectroscopy (EDX), High-
Resolution Transmission Electron Microscopy (HRTEM) and Fourier Transform
Infrared Spectroscopy (FTIR). FTIR spectra for CDs-CS shows peak at 1648
cm™?, 1411 cm™! and 1038 cm™? for vibration of C=0 hydroxyl group on CDs.
New peak at 1100 cm™! are related to the strong C-O stretching of AUNPs/CDs-
CS. Optimum parameter for the sensor development such as CS concentration
of 1% (m/v) and CDs : CS ratio of 1/1 (v/v), and 7 pL of CDs-CS volume drop
casted on SPCE for first sensor, the volume ratio of the composite CDs-CS and
AuNPs was 1 : 1.5 (v/v) and 3 uL of AuNPs/CDs-CS drop casted on SPCE for
the second sensor was evaluated to improve the performance of the developed
sensors. The results showed that SPCE modified with CDs-CS composite and
AuNPs/CDs-CS has a great electrocatalytic features for detecting BPA in the
concentration range of 0.4 pM to 10 uM with sensitivity of 0.46 pA/uM (R2 =
0.9911) and limit of detection (LOD) of 0.37 uM for the CDs-CS/SPCE sensor
while concentration range of 0.4 uM to 10 uM of BPA with sensitivity of 0.28
MA/UM (R2 = 0.9937) and LOD of 0.1 uM for the AuUNPs/CDs-CS/SPCE sensor.



Good reproducibility of the sensors with relative standard deviation (RSD) 3.66
% (n = 15) for CDs-CS/SPCE while 1.35 % (n = 15) for AUNPs/CDs-CS/SPCE,
respectively. For storage stability, both sensors retained their performances to
79.1% and 90.3% for CDs-CS/SPCE and AuNPs/CDs-CS/SPCE of their original
response after a month of storage. The interferences studies of these sensors
showed that there is no significant interfering effect towards phenol, 2,4-
dinitrophenol, 4-chlorophenol, K*,Cu?*, CI~, and SO%~ even with 10-fold higher
concentration compared to BPA. The fabricated sensors were successful applied
for the determination of BPA in tap water of disposable plastic cup and PVC
mineral water bottle with satisfactory recovery results from 96.21% to 101.40%
for CDs-CS/SPCE while 98.89% to 100.37% for AUNPs/CDs-CS/SPCE. These
findings suggest that the developed sensors have a promising potential for the
detection of BPA in real sample for environmental monitoring and industry quality
control.
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Bisfenol A (BPA) adalah sebatian organik yang terdapat dalam produk plastik
yang digunakan setiap hari. la kebanyakannya dipindahkan ke dalam makanan
dan minuman termasuk botol air, lapisan tin makanan, dan tampalan gigi. Adalah
diketahui bahawa BPA dianggap sebagai sebatian gangguan endokrin yang
berkaitan dengan pelbagai jenis masalah kesihatan seperti perkembangan
kanser dan masalah pembiakan. Oleh itu, pembangunan pendekatan analitikal
yang boleh dipercayai untuk pengesanan BPA adalah isu yang mendesak.
Dalam kajian ini, penderia elektrokimia berdasarkan pengubahsuaian elektrod
karbon cetakan skrin (SPCE) dengan dua penderia yang telah difabrikasi iaitu
titik karbon-kitosan (CDs-CS) dan zarah nano emas/titik karbon-kitosan
(AuNPs/CDs-CS) telah diterokai untuk pengesanan BPA. Kedua-dua penderia
telah disediakan menggunakan teknik penuangan titis. Pengesanan BPA pada
penderia ini dikaji menggunakan voltammetri nadi pembezaan (DPV). Pencirian
dilakukan oleh Mikroskopi elektron pengimbasan pelepasan medan (FESEM)
dan Spektroskopi X-Ray Penyebaran Tenaga (EDX), Mikroskop Elektron
Transmisi Resolusi Tinggi (HRTEM) dan Spektroskopi Inframerah Transformasi
Fourier (FTIR). Spektrum FTIR untuk CDs-CS menunjukkan puncak pada 1648
cm™?, 1411 cm™?! and 1038 cm™! untuk getaran kumpulan hidroksil C=0O pada
CDs. Puncak baharu pada 1100 cm™!berkaitan dengan regangan C-O
AuNPs/CDs-CS yang kuat. Parameter optimum untuk pembangunan penderia
seperti kepekatan CS 1% (m/v), nisbah CDs : CS 1/1 (v/v), dan 7 uL isipadu
CDs-CS yang dituang titis pada SPCE untuk penderia pertama, nisbah isipadu
bagi komposit CDs-CS dan AuNPs 1 : 1.5 (v/v) dan 3 pL AuNPs/CDs-CS yang
dituang titis pada SPCE untuk penderia kedua telah dinilai untuk meningkatkan
prestasi penderia yang dibangunkan. Keputusan menunjukkan bahawa SPCE
terubah suai dengan komposit CDs-CS dan AuNPs/CDs-CS mempunyai ciri
elektrokatalitik yang hebat untuk mengesan BPA dalam julat kepekatan 0.4 uM
hingga 10 uM dengan sensitiviti 0.46 HA/UM (R2 = 0.9911) dan had pengesanan



(LOD) sebanyak 0.37 uM untuk penderia CDs-CS/SPCE manakala julat
kepekatan 0.4 pM hingga 10 pM BPA dengan kepekaan 0.28 pA/uM (R2 =
0.9937) dan LOD 0.1 pM/CDs untuk AuNPs /CDs-CS/SPCE. Kebolehasilan
yang baik bagi penderia ini dengan sisihan piawai relatif (RSD) 3.66 % (n = 15)
untuk CDs-CS/SPCE manakala 1.35 % (n = 15) untuk AuNPs/CDs-CS/SPCE,
masing-masing. Untuk kajian penyimpanan, kedua-dua penderia mengekalkan
prestasinya pada 79.1% dan 90.3% untuk CDs-CS/SPCE dan AuNPs/CDs-
CS/SPCE daripada respons asalnya selepas sebulan penyimpanan. Kajian
gangguan penderia ini menunjukkan bahawa tiada isyarat ketara terhadap fenol,
2,4-dinitrofenol, 4-klorofenol, K*,Cu?*, Cl~, and S0%~ walaupun dengan
kepekatan 10 kali ganda lebih tinggi berbanding BPA. Penderia yang direka
telah berjaya digunakan untuk penentuan BPA untuk air paip dalam cawan
plastik pakai buang dan botol air mineral PVC dengan hasil pemulihan yang
memuaskan daripada 96.21% kepada 101.40% untuk CDs-CS/SPCE manakala
98.89% kepada 100.37% untuk AuNPs/CDs-CS/SPCE. Penemuan ini
menunjukkan bahawa sensor yang dibangunkan mempunyai potensi yang
membberangsangkan untuk pengesanan BPA dalam sampel sebenar untuk
pemantauan alam sekitar dan kawalan kualiti industri.
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CHAPTER 1

INTRODUCTION

1.1 Background Study

Bisphenol A (BPA 2,2-bis(4-hydroxyphenyl)propane) is a compound that usually
used as a monomer in the synthesis of epoxy resins and polycarbonate (PC). In
combination with other materials used for production of plastic. Packaging for
food and beverage, also for engineering plastics, drinking water and wastewater
samples is one of the products which contain BPA (Santana et al., 2017). In
2015, the European Food Safety Authority (EFSA) has proposed the minimum
amount of temporary tolerable daily intake (t-TDI) of BPA should not exceed
4 ug kg~ of bodyweight day ~* (Shi et al., 2018). It may harm human and worst
lead to cancer of prostate, testicular or breast besides reproductive disorders
including lower down sperm quality, defects of birth and impaired humans brain
development even with a very small amount (Watabe et al., 2004). Thus, a
technique for detection of BPA with rapid, simple, sensitive and selective is
immediately needed.

There are many research focusing on determining of BPA including conventional
technique such as high-performance liquid chromatography (HPLC), liquid
chromatography—tandem mass spectrometry(LC-MS-MS) (Halle et al., 2015)
and gas chromatography coupled with mass spectrometry (GC-MS) (Cunha et
al., 2015). Although these techniques offer the remarkable sensitivity and low
detection limit, but they involve several operational steps and tedious procedure,
which hindered for rapid processing of samples. On top of that, these
instrumentations are expensive, complicated operational and are hardly
employed for on-site measurement (Yin, Zhou, et al., 2010). Hence, there is a
demand for determination of BPA by using simple and rapid analytical technique.

Latest technology has introduced commercially available screen printed carbon
electrode (SPCE) which offer inherent advantages including low cost, simple
fabrication, miniaturization, disposability, and portability (Fartas et al., 2017).
Besides, screen-printed technology for production of electrochemical sensor
have been widely used in various fields, including environmental,
pharmaceutical, clinical, and food quality control(Fartas et al., 2017). Moreover,
the best part of this technology is their potential to be use for on-site
measurement.

BPA ( Figure 1.1) is an electroactive species because it is contains phenolic
hydroxyl group that could be oxidized at the electrode surface. The direct uses
of bare electrode for the detection of BPA are rare because the response of BPA



is weak without any helps of other materials and the oxidation of BPA always
requires a relatively high over potential (Farajzadeh & Mogaddam, 2012). Thus,
to enhance the sensitivity and selectivity of the electrode for BPA determination,
many types of materials have been suggested for electrode modification such
as ionic liquids (Nikahd & Khalilzadeh, 2016), enzymes, molecularly imprinted
polymers (Wang et al., 2016), ferroferric oxide nanoparticles (FesOsNPs) (Zhang
et al., 2013), carbon materials, such as carbon nanotubes (Goulart et al., 2016),
multiple-walled carbon nanotube (MWCNT) (Li et al., 2012), single-walled
(SWCNT) (Moraes et al.,, 2013), graphene (Fan et al., 2012) and metal
nanoparticle-based composites, such as gold nanoparticles (AuNPs) (Niu et al.,
2013).

Over the past few years, carbon hanomaterials have attracted attention of many
researchers due to its great properties including low toxicity (Zou et al., 2015),
remarkable conductivity (Zuo et al., 2016), large surface area and high stability
(Baruah et al., 2015). So far, CDs have been well-known in wide-spread of
applications, inclusive of biosensing, bioimaging and also electrochemical. Gold
nanoparticles (AuNPs) have attracted special attention recently due to its local
surface plasmon resonance (LSPR) which provide a special physical and
chemical properties that lead application in diverse fields, such as catalysis and
sensing. Since it provides massive specific surface area, their conductivity
became one of the most exceptional properties which can be used for enhancing
electric signal (Liu & Wulff, 2004). These combination of multiple nanomaterials
offer great performance towards detection of BPA compared to single
nanomaterial use for modification of electrode.

CH;
H0 OH
o

Figure 1.1: Bisphenol A (BPA) structure

1.2 Problem Statement

As people are aware that even a small amount of BPA may harm to human, in
fact its amount cannot be more than 4 ug kg ~! of bodyweight day = which have
been proposed the European Food Safety Authority (EFSA) in 2015 (Shi et al.,
2018). Researchers are desperate to conduct research for determining BPA to
that concentration extend. Although there are many conventional techniques



have been developed for that purpose such as high-performance liquid
chromatography (HPLC) liquid chromatography—tandem mass spectrometry
(LC-MS-MS) (Halle et al., 2015) and gas chromatography coupled with mass
spectrometry (GC-MS) (Cunha et al., 2015), but there were limitations involve
by these techniques.

These techniques involve several operational steps and tedious procedure, also
prohibited for rapid processing of samples, expensive, complicated operational
and are hardly employed for on-site measurement (Yin, Zhou, et al., 2010) even
though these techniques offer the remarkable sensitivity and low detection limit.
Hence, there is a demand for determination of BPA by using simple and rapid
analytical technique.

In this research, carbon dots-chitosan (CDs-CS) composite and gold
nanoparticle/carbon dots-chitosan (AuNPs/CDs-CS) deposited on screen
printed carbon electrode (SPCE) for prominent catalytic performance and
conductivity of BPA determination has been exploited. Additionally, it is expected
that the designed fabricated sensors display excellent analytical performance for
the detection of BPA with high sensitivity, wide linear range and lower detection
limit.

1.3 Objective of the study

The purpose of this study is to develop a simple and sensitive electrochemical
sensor for the detection of BPA in aqueous sample. This can be performed by
immobilizing nanomaterials (CDs and AuNPs) on SPCE for the development of
1) CDs-CS sensor and 2) AuNPs/CDs-CS sensor for the detection of BPA.
These following objectives comes out to achieve this research study goal:

i. To synthesize and characterize nanomaterial of carbon dots and
gold nanoparticles.

ii. To immobilize carbon dots-chitosan (CDs-CS) and Au
nanoparticles/ carbon dots-chitosan (AuNPs/CDs-CS) onto SPCE
for the detection of BPA.

iii. To evaluate the performance of the developed sensors by using
differential pulse voltammetry (DPV) technique for the detection of
BPA.

1.4 Scope of study

The scope of this study is divided into two type of sensors which are carbon dots-
chitosan (CDs-CS) and Au nanoparticles/carbon dots-chitosan (AuNPs/CDs-
CS) composite deposited on screen printed carbon electrode (SPCE). They have
been uses for the determination of BPA as they provide excellent catalytic



performance and conductivity. These composites offer several advantages such
as remarkable conductivity, large surface area, good film forming capability and
high stability. These sensor-based electrode provide great electrocatalytic
activity toward oxidation of BPA, which representing a new electrochemical
sensor development platform.

However, there is a limitation in these sensors study. The most noticeable one
is the performance of the electrode. The fluctuation signal reading leads to
unstable outcomes and extra work must be done such as pre-treatment of the
electrode to ensure the good result and hence reduce the error. Furthermore,
most of the solution and chemical must be freshly prepare which longer time
required before proceeding to the analysis of the sensors.



REFERENCES

Arfin, T. (2021). Emerging trends in lab-on-a-chip for biosensing applications. In
Functionalized Nanomaterials Based Devices for Environmental Applications
(pp. 199-218). Elsevier. https://doi.org/10.1016/B978-0-12-822245-4.00008-8

Arslan, T., Glney, S., & Guney, O. (2023). lon-imprinted CDs-Pc nanohybrid sensor
for ratiometric fluorescence and electrochemical detection of Pd(ll). Sensors and
Actuators B: Chemical, 377. https://doi.org/10.1016/j.snb.2022.133079

Baruah, B., & Miller, T. A. (2017). Polyoxovanadate fabricated gold nanoparticles:
Application in SERS. Journal of Colloid and Interface Science, 487, 209-216.
https://doi.org/10.1016/j.jcis.2016.10.036

Baruah, U., Gogoi, N., Majumdar, G., & Chowdhury, D. (2015). B-Cyclodextrin and
calix[4]arene-25,26,27,28-tetrol capped carbon dots for selective and sensitive
detection of fluoride.  Carbohydrate = Polymers, 117, 377-383.
https://doi.org/10.1016/j.carbpol.2014.09.083

Bergamini, M. F., Santos, D. P., & Zanoni, M. V. B. (2010). Determination of isoniazid
in human urine using screen-printed carbon electrode modified with poly-I-
histidine. Bioelectrochemistry, 77(2), 133-138.
https://doi.org/10.1016/j.bioelechem.2009.07.010

Caetano, F. R., Felippe, L. B., Zarbin, A. J. G., Bergamini, M. F., & Marcolino-Junior,
L. H. (2017). Gold nanoparticles supported on multi-walled carbon nanotubes
produced by biphasic modified method and dopamine sensing application.
Sensors and Actuators, B: Chemical, 243, 43-50.
https://doi.org/10.1016/j.snb.2016.11.096

Centane, S., & Nyokong, T. (2023). Co phthalocyanine mediated electrochemical
detection of the HER2 in the presence of Au and CeO2 nanoparticles and
graphene quantum dots. Bioelectrochemistry, 149.
https://doi.org/10.1016/j.bioelechem.2022.108301

Cesana, R., Gongalves, J. M., Ignécio, R. M., Nakamura, M., Zamarion, V. M., Toma,
H. E., & Canevari, T. C. (2020). Synthesis and characterization of
nanocomposite based on reduced graphene oxide-gold nanoparticles-carbon
dots: electroanalytical determination of dihydroxybenzene isomers
simultaneously. Journal of Nanoparticle Research, 22(10).
https://doi.org/10.1007/s11051-020-05059-3

Cunha, S. C., Pena, A, & Fernandes, J. O. (2015). Dispersive liquid-liquid
microextraction followed by microwave-assisted silylation and gas
chromatography-mass spectrometry analysis for simultaneous trace
guantification of bisphenol A and 13 ultraviolet filters in wastewaters. Journal of
Chromatography A, 1414, 10-21. https://doi.org/10.1016/j.chroma.2015.07.099

55



Damiati, S., & Schuster, B. (2020). Electrochemical biosensors based on S-layer
proteins. Sensors (Switzerland), 20(6). https://doi.org/10.3390/s20061721

Dong, S., Li, N., Zhang, P., Li, Y., Chen, Z., & Huang, T. (2012). Fabrication of
Hemoglobin/lonic Liquid Modified Carbon Paste Electrode Based on the
Electrodeposition of Gold Nanoparticles/CdS Quantum Dots and Its
Electrochemical Application. Electroanalysis, 24(7), 1554-1560.
https://doi.org/10.1002/elan.201200092

Dong, X., Qi, X., Liu, N., Yang, Y., & Piao, Y. (2017). Direct electrochemical detection
of bisphenol a using a highly conductive graphite nanoparticle film electrode.
Sensors (Switzerland), 17(4). https://doi.org/10.3390/s17040836

Duran, S. T. (n.d.). Determination of Bisphenol a with Poly (p-Aminobenzoic Acid)
Modified Gold Electrode by Using Differential Pulse Voltammetry.
http://dergipark.gov.tr/gujs

Ezhil Vilian, A. T., Hwang, S.-K., Bhaskaran, G., Alhammadi, M., Kim, S., Tiwari, J. N.,
Suk Huh, Y., & Han, Y.-K. (2023). Polypyrrole-MXene supported gold
nanoparticles for the trace-level detection of nitrofurantoin. Chemical
Engineering Journal, 454, 139980. https://doi.org/10.1016/j.cej.2022.139980

Fan, H., Li, Y., Wu, D., Ma, H., Mao, K., Fan, D., Du, B., Li, H., & Wei, Q. (2012).
Electrochemical bisphenol A sensor based on N-doped graphene sheets.
Analytica Chimica Acta, 711, 24-28. https://doi.org/10.1016/j.aca.2011.10.051

Farajzadeh, M. A., & Mogaddam, M. R. A. (2012). Air-assisted liquid-liquid
microextraction method as a novel microextraction technique; Application in
extraction and preconcentration of phthalate esters in aqueous sample followed
by gas chromatography-flame ionization detection. Analytica Chimica Acta, 728,
31-38. https://doi.org/10.1016/j.aca.2012.03.031

Fartas, F. M., Abdullah, J., Yusof, N. A., Sulaiman, Y., & Saiman, M. |. (2017).
Biosensor based on tyrosinase immobilized on graphene-decorated gold
nanoparticle/chitosan for phenolic detection in aqueous. Sensors (Switzerland),
17(5). https://doi.org/10.3390/s17051132

Fernandez, L., Borras, C., & Carrero, H. (2006). Electrochemical behavior of phenol
in alkaline media at hydrotalcite-like clay/anionic surfactants/glassy carbon
modified electrode. Electrochimica Acta, 52(3), 872-884.
https://doi.org/10.1016/j.electacta.2006.06.021

Francis, S., Koshy, E. P., & Mathew, B. (2021). Electroanalytical techniques: A tool for
nanomaterial characterization. In Design, Fabrication, and Characterization of
Multifunctional Nanomaterials (pp- 163-175). Elsevier.
https://doi.org/10.1016/B978-0-12-820558-7.00004-2

Fu, P., & Kawamura, K. (2010). Ubiquity of bisphenol A in the atmosphere.

Environmental Pollution, 158(10), 3138-3143.
https://doi.org/10.1016/j.envpol.2010.06.040

56



Gao, Y., Cao, Y., Yang, D,, Luo, X., Tang, Y., & Li, H. (2012). Sensitivity and selectivity
determination of bisphenol A using SWCNT-CD conjugate modified glassy
carbon electrode. Journal of Hazardous Materials, 199-200, 111-118.
https://doi.org/10.1016/j.jhazmat.2011.10.066

Ghanam, A., Lahcen, A. A, & Amine, A. (2017). Electroanalytical determination of
Bisphenol A: Investigation of electrode surface fouling using various carbon
materials. Journal of  Electroanalytical Chemistry, 789, 58-66.
https://doi.org/10.1016/j.jelechem.2017.02.026

Goodchild, S. A., Hubble, L. J., Mishra, R. K., Li, Z., Goud, K. Y., Barfidokht, A., Shah,
R., Bagot, K. S., McIntosh, A. J. S., & Wang, J. (2019). lonic Liquid-Modified
Disposable Electrochemical Sensor Strip for Analysis of Fentanyl. Analytical
Chemistry, 91(5), 3747-3753. https://doi.org/10.1021/acs.analchem.9b00176

Goulart, L. A., De Moraes, F. C., & Mascaro, L. H. (2016). Influence of the different
carbon nanotubes on the development of electrochemical sensors for bisphenol
A. Materials Science and Engineering C, 58, 768-773.
https://doi.org/10.1016/j.msec.2015.09.073

Gugoasa, L. A. D. (2020). Review—Electrochemical Sensors for Determination of the
Endocrine Disruptor, Bisphenol A. Journal of The Electrochemical Society,
167(3), 037506. https://doi.org/10.1149/2.0062003jes

Guo, Q., Zhou, J., Hu, K., He, Y., Huang, K., & Chen, P. (2023). Enzymatic reaction
modulated gold nanoparticle aggregation-induced photothermal and
smartphone readable colorimetry dual-mode biosensing platform for trypsin
detection in clinical samples. Sensors and Actuators B: Chemical, 374.
https://doi.org/10.1016/j.snb.2022.132841

Guo, W., Pi, F., Zhang, H., Sun, J., Zhang, Y., & Sun, X. (2017). A novel molecularly
imprinted electrochemical sensor modified with carbon dots, chitosan, gold
nanoparticles for the determination of patulin. Biosensors and Bioelectronics, 98,
299-304. https://doi.org/10.1016/j.bios.2017.06.036

Han, J., Li, F., Jiang, L., Li, K., Dong, Y., & Li, Y. (2015). Electrochemical determination
of bisphenol A using a polyacrylamide-multiwalled carbon nanotube-modified
glassy carbon electrode. Analytical Methods, 7(19), 8220-8226.
https://doi.org/10.1039/c5ay02058a

Han, Z., He, L., Pan, S., Liu, H., & Hu, X. (2020). Hydrothermal synthesis of carbon
dots and their application for detection of chlorogenic acid. Luminescence, 35(7),
989-997. https://doi.org/10.1002/bi0.3803

Herrero-Hernandez, E., Carabias-Martinez, R., & Rodriguez-Gonzalo, E. (2009). Use
of a bisphenol-A imprinted polymer as a selective sorbent for the determination
of phenols and phenoxyacids in honey by liquid chromatography with diode array
and tandem mass spectrometric detection. Analytica Chimica Acta, 650(2), 195—
201. https://doi.org/10.1016/j.aca.2009.07.043

57



Hong, S. P., Mohd-Naim, N. F., Keasberry, N. A., & Ahmed, M. U. (2022).
Electrochemical Detection of [(-Lactoglobulin Allergen Using Titanium
Dioxide/Carbon Nanochips/Gold Nanocomposite-based Biosensor.
Electroanalysis, 34(4), 684—691. https://doi.org/10.1002/elan.202100207

Hou, C., Tang, W., Zhang, C., Wang, Y., & Zhu, N. (2014). A novel and sensitive
electrochemical sensor for bisphenol A determination based on carbon black
supporting ferroferric oxide nanoparticles. Electrochimica Acta, 144, 324-331.
https://doi.org/10.1016/j.electacta.2014.08.053

Hou, J., Dong, J., Zhu, H., Teng, X., Ai, S., & Mang, M. (2015). A simple and sensitive
fluorescent sensor for methyl parathion based on I-tyrosine methyl ester
functionalized carbon dots. Biosensors and Bioelectronics, 68, 20-26.
https://doi.org/10.1016/j.bios.2014.12.037

Huang, K. J., Liu, Y. J., Liu, Y. M., & Wang, L. L. (2014). Molybdenum disulfide
nanoflower-chitosan-au nanoparticles composites based electrochemical
sensing platform for bisphenol a determination. Journal of Hazardous Materials,
276, 207-215. https://doi.org/10.1016/j.jhazmat.2014.05.037

Huang, S. H., Liao, H. H., & Chen, D. H. (2010). Simultaneous determination of
norepinephrine, uric acid, and ascorbic acid at a screen printed carbon electrode
modified with polyacrylic acid-coated multi-wall carbon nanotubes. Biosensors
and Bioelectronics, 25(10), 2351-2355.
https://doi.org/10.1016/j.bios.2010.03.028

Jebril, S., Cubillana-Aguilera, L., Palacios-Santander, J. M., & Dridi, C. (2021). A novel
electrochemical sensor modified with green gold sononanoparticles and carbon
black nanocomposite for bisphenol A detection. Materials Science and
Engineering B: Solid-State Materials for Advanced Technology, 264.
https://doi.org/10.1016/j.mseb.2020.114951

Jemmeli, D., Marcoccio, E., Moscone, D., Dridi, C., & Arduini, F. (2020). Highly
sensitive paper-based electrochemical sensor for reagent free detection of
bisphenol A. Talanta, 216. https://doi.org/10.1016/j.talanta.2020.120924

Jiang, H., Sun, Z., Zhang, C., & Weng, X. (2022). 3D-architectured aptasensor for
ultrasensitive electrochemical detection of norovirus based on phosphorene-
gold nanocomposites. Sensors and Actuators B: Chemical, 354.
https://doi.org/10.1016/j.snb.2021.131232

Karabiberog, U. (2019). Sensitive Voltammetric Determination of Bisphenol A Based
on a Glassy Carbon Electrode Modified with Copper Oxide-Zinc Oxide
Decorated on Graphene Oxide. 91-102. https://doi.org/10.1002/elan.201800415

Khosrokhavar, R., Motaharian, A., Milani Hosseini, M. R., & Mohammadsadegh, S.
(2020). Screen-printed carbon electrode (SPCE) modified by molecularly
imprinted polymer (MIP) nanoparticles and graphene nanosheets for
determination of sertraline antidepressant drug. Microchemical Journal, 159.
https://doi.org/10.1016/j.microc.2020.105348

58



Lai, C. W., Hsiao, Y. H., Peng, Y. K., & Chou, P. T. (2012). Facile synthesis of highly
emissive carbon dots from pyrolysis of glycerol; Gram scale production of carbon
dots/mSiO 2 for cell imaging and drug release. Journal of Materials Chemistry,
22(29), 14403-14409. https://doi.org/10.1039/c2jm32206d

Lee, S., Liu, X., Takeda, S., & Choi, K. (2013). Genotoxic potentials and related
mechanisms of bisphenol A and other bisphenol compounds: A comparison
study employing chicken DT40 cells. Chemosphere, 93(2), 434-440.
https://doi.org/10.1016/j.chemosphere.2013.05.029

Li, C., Marin, L., & Cheng, X. (2021). Chitosan based macromolecular probes for the
selective detection and removal of Fe3+ ion. International Journal of Biological
Macromolecules, 186, 303-313. https://doi.org/10.1016/j.ijbiomac.2021.07.044

Li, C., Zhou, Y., Zhu, X., Ye, B., & Xu, M. (2018). Construction of a sensitive bisphenol
A electrochemical sensor based on metal-organic framework/graphene
composites. International Journal of Electrochemical Science, 13(5), 4855—
4867. https://doi.org/10.20964/2018.05.52

Li, H., Kou, B., Yuan, Y., Chai, Y., & Yuan, R. (2022). Porous Fe304@COF-
Immobilized gold nanoparticles with excellent catalytic performance for sensitive
electrochemical detection of ATP. Biosensors and Bioelectronics, 197.
https://doi.org/10.1016/j.bios.2021.113758

Li, Q., Li, H., Du, G. F., & Xu, Z. H. (2010). Electrochemical detection of bisphenol A
mediated by [Ru(bpy)3]2+ on an ITO electrode. Journal of Hazardous Materials,
180(1-3), 703-709. https://doi.org/10.1016/j.jhazmat.2010.04.094

Li, Y., Gao, Y., Cao, Y., & Li, H. (2012). Electrochemical sensor for bisphenol A
determination based on MWCNT/melamine complex modified GCE. Sensors
and Actuators, B: Chemical, 171-172, 726—733.
https://doi.org/10.1016/j.snb.2012.05.063

Liu, J. Q., & WuUIff, G. (2004). Molecularly imprinted polymers with strong
carboxypeptidase A-like activity: Combination of an amidinium function with a
zinc-ion binding site in transition-state imprinted cavities. Angewandte Chemie -
International Edition, 43(10), 1287-1290.
https://doi.org/10.1002/anie.200352770

Liu, X., Yu, W., My, X., Zhang, W., Wang, X., & Gu, Q. (2023). A fluorescence probe
based on carbon dots for determination of dopamine utilizing its self-
polymerization. Spectrochimica Acta Part A: Molecular and Biomolecular
Spectroscopy, 287, 122112. https://doi.org/10.1016/j.saa.2022.122112

Liu, Y., Dong, X., & Chen, P. (2012). Biological and chemical sensors based on
graphene materials. Chemical Society Reviews, 41(6), 2283-2307.
https://doi.org/10.1039/c1cs15270j

Liu, Y., Weerasooriya, R., & Chen, X. (2022). The metal-organic framework supported
gold nanoparticles as a highly sensitive platform for electrochemical detection of

59



methyl mercury species in the aqueous environment. Journal of Hazardous
Materials, 431. https://doi.org/10.1016/j.jhazmat.2022.128608

Lombé, M., Fernandez-Diez, C., Gonzalez-Rojo, S., Navarro, C., Robles, V., &
Herrdez, M. P. (2015). Transgenerational inheritance of heart disorders caused
by paternal bisphenol A exposure. Environmental Pollution, 206, 667—-678.
https://doi.org/10.1016/j.envpol.2015.08.016

Lu, J., Kou, Y., Jiang, X., Wang, M., Xue, Y., Tian, B., & Tan, L. (2019). One-step
preparation of poly(glyoxal-bis(2-hydroxyanil))-amino-functionalized graphene
quantum dots-MnO2 composite on electrode surface for simultaneous
determination of vitamin B2 and dopamine. Colloids and Surfaces A:
Physicochemical and Engineering Aspects, 580.
https://doi.org/10.1016/j.colsurfa.2019.123652

Lu, Z., Zhang, J., Dai, W., Lin, X., Ye, J., & Ye, J. (2017). A screen-printed carbon
electrode modified with a bismuth film and gold nanopatrticles for simultaneous
stripping voltammetric determination of Zn(ll), Pb(ll) and Cu(ll). Microchimica
Acta, 184(12), 4731-4740. https://doi.org/10.1007/s00604-017-2521-8

Luo, Q., Ren, T., Lei, Z., Huang, Y., Huang, Y., Xu, D., Wan, C., Guo, X., & Wu, Y.
(2022). Non-toxic chitosan-based hydrogel with strong adsorption and sensitive
detection abilities for tetracycline. Chemical Engineering Journal, 427.
https://doi.org/10.1016/j.cej.2021.131738

Ma, Z., Ming, H., Huang, H., Liu, Y., & Kang, Z. (2012). One-step ultrasonic synthesis
of fluorescent N-doped carbon dots from glucose and their visible-light sensitive
photocatalytic ability. New Journal of Chemistry, 36(4), 861-864.
https://doi.org/10.1039/c2nj20942j

Mathew, S., Thara, C. R., John, N., & Mathew, B. (2023). Carbon dots from green
sources as efficient sensor and as anticancer agent. Journal of Photochemistry
and Photobiology A: Chemistry, 434.
https://doi.org/10.1016/j.jphotochem.2022.114237

Metters, J. P., Kadara, R. O., & Banks, C. E. (2011). New directions in screen printed
electroanalytical sensors: An overview of recent developments. In Analyst (Vol.
136, Issue 6, pp. 1067-1076). Royal Society of Chemistry.
https://doi.org/10.1039/c0an00894;j

Mo, F., Xie, J., Wu, T., Liu, M., Zhang, Y., & Yao, S. (2019). A sensitive
electrochemical sensor for bisphenol A on the basis of the AuPd incorporated
carboxylic multi-walled carbon nanotubes. Food Chemistry, 292, 253-259.
https://doi.org/10.1016/j.foodchem.2019.04.034

Mollarasouli, F., Asadpour-Zeynali, K., Campuzano, S., Yafez-Sedefio, P., &
Pingarron, J. M. (2017). Non-enzymatic hydrogen peroxide sensor based on
graphene quantum dots-chitosan/methylene blue hybrid nanostructures.
Electrochimica Acta, 2486, 303-314.
https://doi.org/10.1016/j.electacta.2017.06.003

60



Monsef, R., & Salavati-Niasari, M. (2022). Electrochemical sensor based on a
chitosan-molybdenum  vanadate = nanocomposite  for  detection  of
hydroxychloroquine in biological samples. Journal of Colloid and Interface
Science, 613, 1-14. https://doi.org/10.1016/j.jcis.2022.01.039

Moraes, F. C., Silva, T. A., Cesarino, I., & MacHado, S. A. S. (2013). Effect of the
surface organization with carbon nanotubes on the electrochemical detection of
bisphenol A. Sensors and Actuators, B: Chemical, 177, 14-18.
https://doi.org/10.1016/j.snb.2012.10.128

Muhammad, N., Abdullah, J., Sulaiman, Y., & Ngee, L. H. (2017). Electrochemical
determination of 3-nitrophenol with a reduced graphene oxide modified screen
printed carbon electrode. Sensor Letters, 15(2), 187-195.
https://doi.org/10.1166/sl.2017.3785

Munoz-de-Toro, M., Markey, C., Wadia, P. R., Luque, E. H., Rubin, B. S.,
Sonnenschein, C., & Soto, A. M. (2005). Perinatal exposure to Bisphenol A alters
peripubertal mammary gland development in mice. Endocrinology, 146(9),
4138-4147. https://doi.org/10.1210/en.2005-0340

Ndlovu, T., Arotiba, O. A., Sampath, S., Krause, R. W., & Mamba, B. B. (2012). An
exfoliated graphite-based bisphenol A electrochemical sensor. Sensors
(Switzerland), 12(9), 11601-11611. https://doi.org/10.3390/s120911601

Nguyen, T. H. A., Nguyen, V. C., Phan, T. N. H., Le, V. T., Vasseghian, Y., Trubitsyn,
M. A., Nguyen, A. T., Chau, T. P., & Doan, V. D. (2022). Novel biogenic silver
and gold nanoparticles for multifunctional applications: Green synthesis, catalytic
and antibacterial activity, and colorimetric detection of Fe(lll) ions.
Chemosphere, 287. https://doi.org/10.1016/j.chemosphere.2021.132271

Nguyen, V. X., Viet, N. X., & Takamura, Y. (2016). Electrodeposited Gold
Nanoparticles Modified Screen Printed Carbon Electrode for Enzyme-Free
Glucose Sensor Application. In VNU Journal of Science: Natural Sciences and
Technology (Vol. 32, Issue 4).
https://www.researchgate.net/publication/327435864

Nikahd, B., & Khalilzadeh, M. A. (2016). Liquid phase determination of bisphenol A in
food samples using novel nanostructure ionic liquid modified sensor. Journal of
Molecular Liquids, 215, 253-257. https://doi.org/10.1016/j.molliq.2015.12.003

Niu, X., Yang, W., Wang, G., Ren, J., Guo, H., & Gao, J. (2013). A novel
electrochemical sensor of bisphenol A based on stacked graphene
nanofibers/gold nanoparticles composite modified glassy carbon electrode.
Electrochimica Acta, 98, 167-175.
https://doi.org/10.1016/j.electacta.2013.03.064

Nivethaa, E. A. K., Dhanavel, S., Narayanan, V., Vasu, C. A., & Stephen, A. (2015).
An in vitro cytotoxicity study of 5-fluorouracil encapsulated chitosan/gold
nanocomposites towards MCF-7 cells. RSC Advances, 5(2), 1024-1032.
https://doi.org/10.1039/c4rall615a

61



Ntsendwana, B., Mamba, B. B., Sampath, S., & Arotiba, O. A. (2012). Electrochemical
detection of bisphenol a using graphene-modified glassy carbon electrode.
International Journal of Electrochemical Science, 7(4), 3501-3512.

Okpara, E. C., Nde, S. C., Fayemi, O. E., & Ebenso, E. E. (2021). Electrochemical
characterization and detection of lead in water using spce modified with
bionps/pani. Nanomaterials, 11(5). https://doi.org/10.3390/nan011051294

Omidi, M., Yadegari, A., & Tayebi, L. (2017). Wound dressing application of pH-
sensitive carbon dots/chitosan hydrogel. RSC Advances, 7(18), 10638-10649.
https://doi.org/10.1039/c6ra25340g

Palanisamy, S., Ramaraj, S. K., Chen, S. M., Yang, T. C. K., Pan, Y. F., Chen, T. W.,
Velusamy, V., & Selvam, S. (2017). A novel Laccase biosensor based on laccase
immobilized graphene-cellulose microfiber composite modified screen-printed
carbon electrode for sensitive determination of catechol. Scientific Reports, 7.
https://doi.org/10.1038/srep41214

Pereira, G. F., Andrade, L. S., Rocha-Filho, R. C., Bocchi, N., & Biaggio, S. R. (2012).
Electrochemical determination of bisphenol A using a boron-doped diamond
electrode. Electrochimica Acta, 82, 3-8.
https://doi.org/10.1016/j.electacta.2012.03.157

Quezada, V., Martinez, T., Nelson, R., Pérez-Fehrmann, M., Zaragoza, G., Vizcarra,
A., Kesternich, V., & Hernandez-Saravia, L. P. (2020). A novel platform of using
copper (1) complex with triazole-carboxilated modified as bidentated ligand
SPCE for the detection of hydrogen peroxide in milk. Journal of Electroanalytical
Chemistry, 879. https://doi.org/10.1016/j.jelechem.2020.114763

Reza, K. K., Ali, M. A,, Srivastava, S., Agrawal, V. V., & Biradar, A. M. (2015).
Tyrosinase conjugated reduced graphene oxide based biointerface for bisphenol
A sSensor. Biosensors and Bioelectronics, 74, 644—651.
https://doi.org/10.1016/j.bios.2015.07.020

Rochester, J. R. (2013). Bisphenol A and human health: A review of the literature. In
Reproductive Toxicology (Vol. 42, pp. 132-155).
https://doi.org/10.1016/j.reprotox.2013.08.008

Santana, E. R., de Lima, C. A., Piovesan, J. v., & Spinelli, A. (2017). An original
ferroferric oxide and gold nanoparticles-modified glassy carbon electrode for the
determination of bisphenol A. Sensors and Actuators, B: Chemical, 240, 487—-
496. https://doi.org/10.1016/j.snb.2016.09.003

Shao, B., Aj, Y., Yan, L., Wang, B., Huang, Y., Zou, Q., Fu, H., Niu, X., & Sun, W.
(2023). Wireless electrochemical sensor for the detection of phytoregulator
indole-3-acetic acid using gold nanoparticles and three-dimensional reduced
graphene oxide modified screen printed carbon electrode. Talanta, 253.
https://doi.org/10.1016/j.talanta.2022.124030

62



Shi, R., Yuan, X., Liu, A., Xu, M., & Zhao, Z. (2018). Determination of bisphenol a in
beverages by an electrochemical sensor based on Rh203/reduced graphene
oxide composites. Applied Sciences (Switzerland), 8(12).
https://doi.org/10.3390/app8122535

Sieratowicz, A., Stange, D., Schulte-Oehlmann, U., & Oehlmann, J. (2011).
Reproductive toxicity of bisphenol A and cadmium in Potamopyrgus antipodarum
and modulation of bisphenol A effects by different test temperature.
Environmental Pollution, 159(10), 2766-2774.
https://doi.org/10.1016/j.envpol.2011.05.012

Simdes, F. R., & Xavier, M. G. (2017). Nanoscience and its Applications. In
Nanoscience and its Applications. https://doi.org/10.1016/B978-0-323-49780-
0/00006-5

Singh, J., Khanra, P., Kuila, T., Srivastava, M., Das, A. K., Kim, N. H., Jung, B. J., Kim,
D.Y., Lee, S. H., Lee, D. W., Kim, D. G., & Lee, J. H. (2013). Preparation of

sulfonated poly(ether-ether-ketone) functionalized ternary
graphene/AuNPs/chitosan nanocomposite for efficient glucose biosensor.
Process Biochemistry, 48(11), 1724-1735.

https://doi.org/10.1016/j.prochio.2013.07.025

Tajik, S., Beitollahi, H., Nejad, F. G., Zhang, K., van Le, Q., Jang, H. W., Kim, S. Y., &
Shokouhimehr, M. (2020). Recent advances in electrochemical sensors and
biosensors for detecting bisphenol A. In Sensors (Switzerland) (Vol. 20, Issue
12, pp. 1-18). MDPI AG. https://doi.org/10.3390/s20123364

Tan, F., Cong, L., Li, X., Zhao, Q., Zhao, H., Quan, X., & Chen, J. (2016). An
electrochemical sensor based on molecularly imprinted polypyrrole/graphene
guantum dots composite for detection of bisphenol A in water samples. Sensors
and Actuators, B: Chemical, 233, 599-606.
https://doi.org/10.1016/j.snb.2016.04.146

ter Halle, A., Claparols, C., Garrigues, J. C., Franceschi-Messant, S., & Perez, E.
(2015). Development of an extraction method based on new porous organogel
materials coupled with liquid chromatography-mass spectrometry for the rapid
guantification of bisphenol A in urine. Journal of Chromatography A, 1414, 1-9.
https://doi.org/10.1016/j.chroma.2015.07.046

Thakur, N., Sharma, V., Singh, T. A., Pabbathi, A., & Das, J. (2022). Fabrication of
novel carbon dots/cerium oxide nanocomposites for highly sensitive
electrochemical detection of doxorubicin. Diamond and Related Materials, 125.
https://doi.org/10.1016/j.diamond.2022.109037

Thunkhamrak, C., Chuntib, P., Ounnunkad, K., Banet, P., Aubert, P. H., Saianand, G.,
Gopalan, A. |, & Jakmunee, J. (2020). Highly sensitive voltammetric
immunosensor for the detection of prostate specific antigen based on silver
nanoprobe assisted graphene oxide modified screen printed carbon electrode.
Talanta, 208. https://doi.org/10.1016/j.talanta.2019.120389

63



Ulubay Karabiberoglu, S. (2019). Sensitive Voltammetric Determination of Bisphenol
A Based on a Glassy Carbon Electrode Modified with Copper Oxide-Zinc Oxide
Decorated on Graphene Oxide. Electroanalysis, 31(1), 91-102.
https://doi.org/10.1002/elan.201800415

Vega, D., Agui, L., Gonzalez-Cortés, A., Yafiez-Sedefio, P., & Pingarron, J. M. (2007).
Electrochemical detection of phenolic estrogenic compounds at carbon
nanotube-modified electrodes. Talanta, 71(3), 1031-1038.
https://doi.org/10.1016/j.talanta.2006.05.071

Venton, B. J., & Cao, Q. (2020). Fundamentals of fast-scan cyclic voltammetry for
dopamine detection. In Analyst (Vol. 145, Issue 4, pp. 1158-1168). Royal
Society of Chemistry. https://doi.org/10.1039/c9an01586h

Vishwanath, M. S., Swamy, B. E. K., & Vishnumurthy, K. A. (2022). Electrochemical
detection of bisphenol A in presence of catechol and hydroquinone at copper
oxide modified carbon paste electrode. Materials Chemistry and Physics, 289.
https://doi.org/10.1016/j.matchemphys.2022.126443

Wahyuni, W. T., Putra, B. R., Fauzi, A., Ramadhanti, D., Rohaeti, E., & Heryanto, R.
(2021). A Brief Review on Fabrication of Screen-Printed Carbon Electrode:
Materials and Techniques. Indo. J Chem. Res., 8(3), 210-218.
https://doi.org/10.30598//ijcr.2021.7-wul

Wahyuni, W. T., Riza Putra, B., Fauzi, A., Ramadhanti, D., Rohaeti, E., & Heryanto,
R. (2021). Indonesian Journal of Chemical Research A Brief Review on
Fabrication of Screen-Printed Carbon Electrode: Materials and Techniques. J.
Chem. Res, 8(3), 210-218. https://doi.org/10.30598//ijcr

Wang, J., Wang, X., Xiong, C., Liu, J., Hu, B., & Zheng, L. (2015). Chronic bisphenol
A exposure alters behaviors of zebrafish (Danio rerio). Environmental Pollution,
206, 275-281. https://doi.org/10.1016/j.envpol.2015.07.015

Wang, J. Y., Su, Y. L., Wu, B. H., & Cheng, S. H. (2016). Reusable electrochemical
sensor for bisphenol A based on ionic liquid functionalized conducting polymer
platform. Talanta, 147, 103—-110. https://doi.org/10.1016/j.talanta.2015.09.035

Wang, L., Peng, X., & Fu, H. (2022). An electrochemical aptasensor for the sensitive
detection of Pb2+ based on a chitosan/reduced graphene oxide/titanium dioxide.
Microchemical Journal, 174. https://doi.org/10.1016/j.microc.2021.106977

Wang, X., Qu, K., Xu, B., Ren, J., & Qu, X. (2011). Microwave assisted one-step green
synthesis of cell-permeable multicolor photoluminescent carbon dots without
surface passivation reagents. Journal of Materials Chemistry, 21(8), 2445-2450.
https://doi.org/10.1039/c0jm02963g

Wang, Y. H., Yu, C. M., Gu, H. Y., & Tu, Y. F. (2016). The hemoglobin-modified
electrode with chitosan/Fe304 nanocomposite for the detection of trichloroacetic
acid. Journal of Solid State Electrochemistry, 20(5), 1337-1344.
https://doi.org/10.1007/s10008-015-3097-z

64



Wang, Y., Yin, C., & Zhuang, Q. (2020). An electrochemical sensor modified with
nickel nanoparticle/nitrogen-doped carbon nanosheet nanocomposite for
bisphenol A detection. Journal of Alloys and Compounds, 827.
https://doi.org/10.1016/j.jallcom.2020.154335

Wang, Z., Zhang, L., Zhang, K., Lu, Y., Chen, J., Wang, S., Hu, B., & Wang, X. (2022).
Application of carbon dots and their composite materials for the detection and
removal of radioactive ions: A review. In Chemosphere (Vol. 287). Elsevier Ltd.
https://doi.org/10.1016/j.chemosphere.2021.132313

Watabe, Y., Kondo, T., Morita, M., Tanaka, N., Haginaka, J., & Hosoya, K. (2004).
Determination of bisphenol A in environmental water at ultra-low level by high-
performance liquid chromatography with an effective on-line pretreatment
device. Journal of Chromatography A, 1032(1-2), 45-49,
https://doi.org/10.1016/j.chroma.2003.11.079

Wei, Y., Zhang, D., Fang, Y., Wang, H., Liu, Y., Xu, Z., Wang, S., & Guo, Y. (2019).
Detection of Ascorbic Acid Using Green Synthesized Carbon Quantum Dots.
20109.

Wu, Y., Jin, X., Ashrafzadeh Afshar, E., Taher, M. A., Xia, C., Joo, S. W., Mashifana,
T., & Vasseghian, Y. (2022). Simple turn-off fluorescence sensor for
determination of raloxifene using gold nanoparticles stabilized by chitosan
hydrogel. Chemosphere, 305.
https://doi.org/10.1016/j.chemosphere.2022.135392

Xue, Q., Liu, Z., Guo, Y., & Guo, S. (2015). Cyclodextrin functionalized graphene-gold
nanoparticle hybrids with strong supramolecular capability for electrochemical
thrombin aptasensor. Biosensors and Bioelectronics, 68, 429-436.
https://doi.org/10.1016/j.bios.2015.01.025

Yang, J., & Gunasekaran, S. (2013). Electrochemically reduced graphene oxide
sheets for use in high performance supercapacitors. Carbon, 51(1), 36-44.
https://doi.org/10.1016/j.carbon.2012.08.003

Yao, J., Li, Y., Xie, M., Yang, Q., & Liu, T. (2020). The electrochemical behaviors and
kinetics of AUNPs/N, S-GQDs composite electrode: A novel label-free amplified
BPA aptasensor with extreme sensitivity and selectivity. Journal of Molecular
Liquids, 320. https://doi.org/10.1016/j.molliq.2020.114384

Yin, H., Ma, Q., Zhou, Y., Ai, S., & Zhu, L. (2010). Electrochemical behavior and
voltammetric determination of 4-aminophenol based on graphene-chitosan
composite film modified glassy carbon electrode. Electrochimica Acta, 55(23),
7102-7108. https://doi.org/10.1016/j.electacta.2010.06.072

Yin, H., Zhao, S., Wan, J., Tang, H., Chang, L., He, L., Zhao, H., Gao, Y., & Tang, Z.
(2013). Three-dimensional graphene/metal oxide nanoparticle hybrids for high-
performance capacitive deionization of saline water. Advanced Materials,
25(43), 6270-6276. https://doi.org/10.1002/adma.201302223

65



Yin, H., Zhou, Y., Xu, J., Ai, S., Cui, L., & Zhu, L. (2010). Amperometric biosensor
based on tyrosinase immobilized onto multiwalled carbon nanotubes-cobalt
phthalocyanine-silk fibroin film and its application to determine bisphenol A.
Analytica Chimica Acta, 659(1-2), 144-150.
https://doi.org/10.1016/j.aca.2009.11.051

Yu, L., Yue, X,, Yang, R,, Jing, S., & Qu, L. (2016). A sensitive and low toxicity
electrochemical sensor for 2,4-dichlorophenol based on the nanocomposite of
carbon dots, hexadecyltrimethyl ammonium bromide and chitosan. Sensors and
Actuators, B: Chemical, 224, 241-247.
https://doi.org/10.1016/j.snb.2015.10.035

Zainal, Z., Lee, C. Y., Hussein, M. Z., Kassim, A., & Yusof, N. A. (2005).
Electrochemical-assisted photodegradation of dye on TiO2 thin films:
Investigation on the effect of operational parameters. Journal of Hazardous
Materials, 118(1-3), 197-203. https://doi.org/10.1016/j.jhazmat.2004.11.009

Zamani, M., Pourmadadi, M., Seyyed Ebrahimi, S. A., Yazdian, F., & Shabani Shayeh,
J. (2022). A novel labeled and label-free dual electrochemical detection of
endotoxin based on aptamer-conjugated magnetic reduced graphene oxide-gold
nanocomposite. Journal of Electroanalytical Chemistry, 908.
https://doi.org/10.1016/j.jelechem.2022.116116

Zhan, T., Song, Y., Tan, Z., & Hou, W. (2017). Electrochemical bisphenol A sensor
based on exfoliated Ni2Al-layered double hydroxide nanosheets modified
electrode. Sensors and Actuators, B: Chemical, 238, 962-971.
https://doi.org/10.1016/j.snb.2016.07.151

Zhang, H., Huang, K. T., Ding, L., Yang, J., Yang, Y. W., & Liang, F. (2022).
Electrochemical determination of paraquat using a glassy carbon electrode
decorated with pillararene-coated nitrogen-doped carbon dots. Chinese
Chemical Letters, 33(3), 1537—-1540. https://doi.org/10.1016/j.cclet.2021.09.002

Zhang, Y., Cheng, Y., Zhou, Y., Li, B., Gu, W., Shi, X., & Xian, Y. (2013).
Electrochemical sensor for bisphenol A based on magnetic nanoparticles
decorated reduced graphene oxide. Talanta, 107, 211-218.
https://doi.org/10.1016/j.talanta.2013.01.012

Zhao, J., Ma, Y., Hou, X, Li, L., Zheng, P., & Li, C. (2015). A novel ionic liquid
synthesis, electrochemical polymerization, and sensing performance toward
bisphenol A. Journal of Solid State Electrochemistry, 19(6), 1571-1578.
https://doi.org/10.1007/s10008-015-2774-2

Zimmers, S. M., Browne, E. P., O’Keefe, P. W., Anderton, D. L., Kramer, L., Reckhow,
D. A, & Arcaro, K. F. (2014). Determination of free Bisphenol A (BPA)
concentrations in breast milk of U.S. women using a sensitive LC/MS/MS
method. Chemosphere, 104, 237-243.
https://doi.org/10.1016/j.chemosphere.2013.12.085

66



Zou, Y., Yan, F., Zheng, T., Shi, D., Sun, F., Yang, N., & Chen, L. (2015). Highly
luminescent organosilane-functionalized carbon dots as a nanosensor for
sensitive and selective detection of quercetin in aqueous solution. Talanta, 135,
145-148. https://doi.org/10.1016/j.talanta.2014.12.029

Zuo, P., Lu, X., Sun, Z., Guo, Y., & He, H. (2016). A review on syntheses, properties,
characterization and bioanalytical applications of fluorescent carbon dots.
Microchimica Acta, 183(2), 519-542. https://doi.org/10.1007/s00604-015-1705-
3

67



LIST OF PUBLICATION

Faezah Daud, Jaafar Abdullah, Nor Azah Yusof, Putri Nur Syafiegah Zainal.
(2022). Carbon dots/Chitosan Modified Screen Printed Carbon
Electrode for The Detection of Bisphenol A. Malaysian Journal of
Analytical Science (MJAS).(Published)

72





