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Bisphenol A is one of the highest produced chemical in the world, which have been used broadly
in many industries and commercial applications. It is widely used in production of polycarbonate
and epoxy resins. Worldwide production of BPA is growing rapidly and expected to reach 5.4
million tonnes by 2015. However, past research has shown that BPA exhibits potential hazards to
both human and the environment and this is becoming a major concern in many countries. In this

mini review mini review, we have focused on recent studies on electrochemical sensors to detect BPA.
Various type of electrochemical sensor have been successfully developed with good sensitivity

and responses.

INTRODUCTION

Food security has been identified as one of the major issues in
global food supply chain. As the global food supply becoming
increasingly important, attention towards food safety and quality
also equally increased. Food contaminations could occur due to
human errors, environment factors or even due to terrorism
attack. Thus, a sensitive and accurate analytical tool is needed to
monitor real time food born contamination event and provide
safety guarantee for consumers.

Bisphenol A (BPA) is an organic molecule with two phenol
moieties, which also known as 2, 2-bis (4-hydroxyphenyl)
propane and 4, 4"-isopropyllidenediphenol [1]. BPA is grayish or
colorless crystalline powder or granule with chlorophenol like
odor. It is synthesized by condensation of phenol with acetone in
the presence of strong acid ion-exchange resin as a catalyst. The
chemical structure of BPA is as shown in Fig 1.
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Fig 1. Bisphenol A.

BPA is an estrogenic substance which is widely employed
as a key building chemical monomer in the manufacturing of
multitude chemical products [2]. Polycarbonate (PC) and epoxy

resins are two types of major plastics that are produced by using
BPA. Other minor usage of BPA including in production of
polyester-styrene, polycarbonate resins, flame retardants, dental
monomers, medical equipment and tubing, and consumer
electronics [3]. BPA consist of two derivatives, bisphenol A
diglycide ether (BADGE) and bisphenol F diglycide ether
(BFDGE), which also have industrial importance [4].

However, BPA is a type of endocrine disturbing chemicals
(EDC) which mimic estrogen activities and lead to adverse
effect for both human beings and animals [5, 6]. These EDC
disturbances potentially cause cancerous tumor, development
disorders, birth defects, reduce immune functions, decrease
semen quality and weaken reproduction [7, 8]. Several reports
have highlighted that BPA in the environment originated from
migration of PC tools or containers and epoxy coating. Studies
have shown that when the plastics are heated or frequently
exposed to dishwasher and microwave, the BPA will leach out
faster than normal conditions [9].

Analysis of BPA

Many analytical methods have been designed for the detection
of BPA such as liquid chromatography (HPLC) [10], liquid
chromatography coupled with mass spectrometry (LC-MS) [11],
gas chromatography (GC), gas chromatography coupled with
mass spectrometry (GC-MS) [12] and enzyme linked
immunosorbent assays (ELISA) [13]. However, these techniques
are relatively not sensitive, complicated, time consuming and
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expensive. Therefore, electrochemical analysis has drawn many
researchers’ attentions due to its quick response, cheap
instruments, sensitive, selective and simple. In this review, the
efficiency of accurate response and different electrode material
that have been developed for BPA detection, have been
highlighted.

Electrochemical study on BPA

Yu et al, [14] reported the application of chitosan-Fe;O, (CS-
Fe;0,) nanocomposite for the determination of BPA. To
evaluate the response of the CS-Fe304/GCE, the proposed
method was used to detect BPA in different plastic samples
under optimized conditions. Under the optimized conditions, the
oxidation peak current was proportional to BPA concentration in
the range between 5.0 x 10~ and 3.0 x 107 mol dm™ with the
correlation coefficient of 0.9992 and the limit of detection of 8.0
x 10 M. The modified glass carbon electrodes (GCE) were
successfully employed to determine BPA in real plastics with
recoveries from 92.0% to 106.2%. The low detection limit and
good stability showed a promising amperometric determination
of BPA.

Masikini et al, [15] has investigated on amperometric
sensor for the endocrine disruptor-BPA using hydroxyl-iron/B-
cyclodextrin-film (FeOx-BCD). The composite was drop coated
on the surface of glass carbon electrode (GCE) and the
electrochemical oxidation and detection of BPA were studied.
The modified GCE sensor was successfully demonstrated using
“Stoney Ginger Beer samples” spiked with saturated BPA
solution with 100% recovery rate. The FeOx-BCD/GCE was
very useful voltammetry sensor in selected real sample matrix
without interference from the components of the sample.

Yin et al, [16] described the development of simple and
sensitive electroanayltical method for determination of BPA in
milk using poly (amidoamine) (PAMAM) and Fe;04
nanoparticles modified GCE. Under optimum condition, the
oxidation current increased linearly with increasing the
concentration of BPA in the range of 1 x 10™°= 3.07 x 10°M
with the correlation coefficient of 0.9996 and the detection limit
of 5x 10 M. The practical application demonstrated using
milk sample with recovery rate from 95.3% to 104%. The
method proposed showed high determination sensitivity, easy
preparation process and low cost.

Meanwhile, Fan et al, [17] used nitrogen-doped grapheme
sheet (N-GS) and chitosan (CS) to prepare electrochemical BPA
sensor. The sensor showed sensitive response towards the
endocrine disruptor in the range of 1.0 x 107 = 1.3-x 107® mol
L™ with a low detection limit of 5.0 x 107 M under optimized
conditions. Determinations of BPA were employed using water
samples. The suggested method gave a satisfactory result with
recoveries from 95.8% to 106.5%. A sensitive and reliable
electrochemical method was successfully proposed. Xu et al,
[18] applied a new carbon based material, carbon nanohorns
(CNHs) to produce a reliable electrochemical method for
determination of BPA. The  proposed technique
(CNHS/Nafion/GCE) demonstrated a remarkable oxidation
signal increasing linearly with increasing concentration of BPA
in the range of 2.0 x 10° - 1.0 x 10 mol L"! and detection limit
of 1.8 x 10°® M. The results indicated a strong catalytic oxidation
activity towards BPA where an excellent sensitive sensor and
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quantitatively
produced.

reproducible analytical performance were

In 2013, Zhang et al, [19] developed a sensitive and robust
method for measurement of BPA. The method was based on
magnetic nanoparticles decorated reduced grapheme oxide
(rGO) composites and chitoson (MNPs-rGO). Under optimal
experiment conditions, the oxidation peak current was
proportional to the concentration of BPA in the range if 6.0 x 10°
®to 1.1 x 10° mol L' with detection limit of 1.7 x 10® M.
Electrochemical sensor based on MNPs-rGO showed
outstanding stability, reproducibility and selectivity. The method
was successfully applied for the determination of BPA using
different kind of plastic products with satisfactory recovery over
the range from 97% to 109.2%.

Liu & Zhang [20] developed a rapid and sensitive
electrochemical sensor based on silica and nanocomposite
prepared from reduced graphene oxide and gold nanoparticles
(Si02/rGO-AuNPs). The modified GCE electrochemical sensor
obviously reduced the oxidation over potential of BPA compare
to bare GCE. Under optimal conditions, the oxidation current
peak response towards BPA concentration within the range of
1.0 x 107 to 1.2 x 10* mol L' with low detection limit of 5.0 x
10 M. This simple, accurate, sensitive and selective analytical
method was successfully designed with thermal paper samples
with recovery range from 96.39% to 108.3%.

Table 1. Summary of electrochemical sensor for BPA detection.

Sensor Range of R value Detection Reference
Linearity Limit
©M) ™)
CS-Fe;0, 0.5-30 0.9992 8.0x 107  [14]
FeOx-BCD 0.1-50 0.998 5% 107 [15]
PAMAM-Fe;0;  0.1-3.07 0.9996 5x107 [16]
CS/N-GS 0.1-1.3 0.9996 50x 107 [17]
CNHS/Nafion 2.0-1000 0.996 1.8x10° [18]
MNPs-rGO/CS ~ 0.06-11 0.9977 1.7x10* [19]
Si02/rGO- 1-120 0.9927 50x10° [20]
AuNPs
CONCLUSION

BPA has high potential for adverse effect on human health and
environment. It is crucial to develop simple and effective
methods for detection of BPA. This review has discuss on recent
develop electrochemical sensor for BPA. Various studies have
been carrying out in developing excellent sensing system.
Fabrication of sensors has been accommodating in designing an
ideal sensor. Owning the outstanding feasibility, the
electrochemical sensor method shows outstanding advantages
such as quick, rapid response, high sensitivity, accurate analysis
and low cost. The practical application also demonstrates
satisfactory recovery. Therefore, the electrochemical method can
be proposed for on-side measurement of BPA with simple and
low cost preparation. However, for widespread acceptance,
further validation of the sensor capability is needed to ensure the
precision in BPA quantification.
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