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Abstract Due to the unique electronic properties and
high adsorption capacity of graphene, a facile strategy was
developed to form graphene/melamine nanocomposite by
anchoring melamine molecule on the surface of graphene
sheets. As the electrostatic attraction happened between
protonated melamine and negatively charged bisphenol A
(BPA), a novel electrochemical sensor was fabricated to
determine the endocrine disruptor BPA by depositing
graphene/melamine nanocomposite on the surface of
glassy carbon electrode. The electrochemical behavior of
BPA was investigated in phosphate buffer solution (pH
7.0) using the prepared sensor. A well-defined anodic peak
at 0.56 V was found to attribute to the electrooxidation of
BPA on the modified electrode. The kinetic parameters,
charge transfer coefficient, electron transfer number,
proton transfer number, and standard rate constant were
calculated and optimized. The electrochemical sensor ex-
hibited a wider linear range of 1.0 x 107® to 2.0 x 10™*
M BPA and a lower detection limit of 4.0 x 107° M
(S/N = 3). This novel sensor was successfully applied to
determine BPA leached from real plastic samples with
good recoveries ranging from 97.00 to 100.96 %.
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1 Introduction

Bisphenol A (BPA), an important industrial chemical, is
mainly used in the production of polycarbonate plastics,
epoxy resins, dental sealants, food packaging, etc. Re-
cently, it has received wide attention due to its possible
toxicity to health and environmental impacts [1, 2].
Moreover, BPA is one of the typical endocrine-disrupting
chemicals (EDCs) which could imitate the biological ac-
tivity of natural hormones, occupy the hormone receptors,
or interfere with the transport and metabolic processes of
natural hormones, finally pose a risk to animals and hu-
mans [3]. The study from Tufts University Medical School
concluded that BPA might increase the risk of cancer [4].
So it is essential to revise and optimize the existing de-
tection methods of BPA. This will help to find reliable
tools for risk assessment and reduce the exposure of BPA
to human.

Traditional detection methods of BPA include chro-
matographic techniques coupled with mass spectrometry,
capillary electrophoresis, solid-phase microextraction, etc
[1, 5, 6]. These methods are time-consuming because the
pretreatment of the sample is required and cannot be per-
formed on-site. Electrochemical sensors can provide rapid
and on-site detection of BPA [1]. So electrochemical
method would be a good alternative as an analytical
technique due to its fast response speed, low cost, simple
operation, high sensitivity, excellent selectivity, and real-
time in situ detection [7-11].

Graphene, a two-dimensional crystal, has aroused wide
concern due to its high conductivity, good biocom-
patibility, electronic property, and potential applications in
electrochemical sensors [12—-14]. Ntsendwana et al. pre-
pared the glassy carbon electrode (GCE) modified with
graphene for the detection of BPA [15]. Wang et al.
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fabricated the chitosan and graphene/carbon ionic liquid
electrode [16]. The modified electrode was then used to
investigate the electrochemical behavior of BPA by cyclic
voltammetry. But the preparation of the sensor was cum-
bersome. Hence, it would be a challenge to fabricate a new
uncomplicated electrochemical sensor based on familiar
carbon materials with higher sensitivity by incorporating
the interaction sites onto the surface of graphene.

Melamine (M), an inexpensive and readily available
chemical raw material, is widely used. It has attracted wide
attention from researchers in various countries. M has the
nitrogen-rich and conjugate structure. Metagenic single and
double bonds exist in the cyclic structure of M. This is
similar to the benzene ring. Graphene could be non-cova-
lently modified by some organic molecules and conjugated
polymers with large conjugated structure. The noncovalent
interactions (such as n—n stacking, hydrogen bonding, and
electrostatic attraction) can exist between the modifier and
graphene. m—m interactions can exist between the delocal-
ized m conjugated systems of graphene oxide and the =«
electrons in M. Then the functionalized graphene oxide can
be obtained. Moreover, the amino groups of M ring were
prone to undergo the nucleophilic addition reaction in an
alkaline environment.

In this work, we choose M as the modifier. As the pK,, of
M is 8.0, the amino groups of M could be protonated at pH
7.0. The protonated M could thus interact with the
negatively charged BPA through electrostatic attraction.
Reduced graphene oxide (RGO) was functionalized with M
to form RGO/M nanocomposite, which was then deposited
onto GCE. A highly sensitive electrochemical sensor for
the determination of BPA in aqueous solution was ob-
tained. This electrochemical sensor combined the electro-
catalytic property of graphene and the electrostatic
attraction of protonated M. So it exhibited an attractive
ability of highly sensitive detection of BPA in real samples.
So far, there is no report on the modification of RGO/M for
the determination of BPA. Moreover, the sensor was
characterized by a lower detection limit, a wider linear
range, and easier operation. GCE modified with RGO/M
was superior to those reported in many previous results
[17-22].

2 Experimental

2.1 Reagents

Bisphenol A, melamine, graphite, HNO;, Na,HPO,,
NaH,PO,, and HCl were purchased from Sinopharm
Chemical Reagent Co. Ltd. (China). All chemicals and

solvents were of analytical grade. Ultrapure water was used
in all experiments.
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2.2 Apparatus

The morphology of the prepared samples was observed
using the field-emission scanning electron microscope
(SEM) (Hitachi S-4800, Japan) operated at an accelerating
voltage of 5 kV. Fluorescence spectra were recorded at
room temperature using the F900 fluorescence spec-
trometer (Edinburgh Instruments Ltd., United Kingdom).
UV-Vis spectra were obtained from the UV2700 UV-Vis
Spectrophotometers (Shimadzu Corporation). pH mea-
surements were carried out on the PHBJ-260 digital pH
meter (Shanghai Rex Co., Ltd., China). Electrochemical
measurements were performed on the CHI 920 workstation
(Shanghai Chenhua, China).

2.3 Procedures
2.3.1 Preparation of RGO/M

Graphene oxide (GO) was prepared using graphite powder
by the modified Hummers’ method [23]. 50 mg GO was
dispersed in 50 mL water by ultrasonication for 0.5 h to
obtain the yellow—brown dispersion. Unexfoliated GO was
removed by centrifugation. The obtained GO was then
reduced with hydrazine at 90 °C for 1 h. Then it was
washed with deionised water and dried at 60 °C [24]. Equal
volumes of RGO suspension (1.0 mg mL™') and the
saturated solution of M (3.3 x 107° mg mLfl) were
mixed together and ultrasonicated for 30 min to form the
RGO/M nanocomposite.

2.3.2 Preparation of RGO/M-GCE

Prior to the surface modification, the bare GCE was pol-
ished down to 0.05 pm with alumina slurry. Then it was
successively washed with anhydrous alcohol and double-
distilled water in an ultrasonic bath and dried at room
temperature. 15 pL suspension of RGO/M was cast on the
surface of GCE with a microinjector. Then GCE was dried
at room temperature to form a stable film. For comparison,
GCE modified with RGO (RGO-GCE) was fabricated with
the similar procedure. The schematic diagrams for the
fabrication of RGO/M-GCE and the electrochemical de-
tection of BPA are shown in Fig. 1.

2.3.3 Electrochemical measurements

The cyclic voltammograms (CV), electrochemical impe-
dance spectroscopy (EIS), chronocoulometry experiments,
and differential pulse voltammograms (DPV) were per-
formed using the CHI 920 workstation with the conven-
tional three-electrode system (a platinum wire auxiliary
electrode, a saturated calomel electrode as the reference
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Fig. 1 Schematic diagrams for
the fabrication of RGO/M-GCE
and the electrochemical
detection of BPA
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electrode, and the modified or bare working GCE). All
measurements were carried out at room temperature.

2.4 Extraction of BPA in samples

BPA was extracted from real samples (PVC food package,
PC baby bottle, and PC water bottle) according to the
method reported by Kuramitz et al. [25]. Briefly, the
sample was cut into pieces (2.00 g), and ultrasonicated for
30 min in 30 mL ultrapure water which was then kept at
70 °C for 48 h in an oil bath. After filtration, the liquid
phase was collected in 100 mL flask. The extraction pro-
cess was repeated three times. Then 4.00 mL of the sample
was added into 4.00 mL phosphate buffer (pH 7) and
stored at 4 °C before analysis.

3 Results and discussion
3.1 Characterization of RGO/M

The UV-Vis spectroscopy was used to study the func-
tionalization process of RGO. As shown in Fig. 2a, a spi-
culate peak appeared at 203 nm in the UV—Vis spectrum of
M, which was assigned to the n—n* transitions of the amino
groups. RGO showed a strong absorption at 271 nm, which
corresponded to the m-conjugation network of the RGO
nanosheets. Strong absorption at 271 nm and 203 nm in
RGO/M nanocomposite further indicated the immobiliza-
tion of M on RGO (Fig. 2a).

To investigate the n—m interaction between RGO and M,
fluorescence spectra of M and RGO/M suspension were

carried out (Fig. 2b). Upon excitation of M at 240 nm, a
strong fluorescence emission peak was observed in aqueous
solution of M (curve a). However, after M was assembled
on RGO, the fluorescence emission excited at 240 nm
showed the enhancement of fluorescence. The fluorescence
emission peak synchronously increased with the increase of
RGO concentration, which attributed to the enlargement of
conjugated system. This suggested that the nanocomposites
were formed via the noncovalent interaction of m—n be-
tween M and the planar structure of RGO. Another reason
of fluorescence enhancement arose from the residual car-
boxyl and hydroxyl groups of RGO integrating with amino
groups of M. The fluorescence quenching caused by the
amino groups of M was restrained. The fluorescence
spectra confirmed that RGO/M was not a simple physical
mixture but a nanocomposite in which the planar sheets of
GO acted as a good platform for M to be immobilized
through electronic interactions.

3.2 Surface morphology of RGO/M

The morphology of RGO/M was investigated by SEM
analysis. As shown in Fig. 2¢, the RGO/M nanocomposite
resembled the crumpled silk veil. This indicated that GO
was successfully exfoliated and the molecules of M might
be immobilized at the surface of GO so as to form a steric
barrier against its agglomeration.

3.3 EIS of RGO/M-GCE

5 mM [Fe(CN)6]3_/4_ solution was used as the electro-
chemical probes, and AC impedance measurements were
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conducted in the frequency range of 0.1-100,000 Hz. EIS
was employed for further characterization of the modified
electrode from 0.3 V to 0.9 V (Fig. 3a). The diameter of
semicircle in the Nyquist plot at high frequency corre-
sponded to the electron transfer resistance, which could be
calculated according to the equivalent circuit (the insert of
Fig. 3). In the high frequency section, certain semicircle
was observed for bare GCE (curve a), showing an electron
transfer resistance of about 326 €. The resistance value
dramatically decreased to 20.6 Q, and the radius obviously
became small after the bare electrode was modified with
RGO (curve b), which should be attributed to the good
conductivity and the large surface area of RGO. This
suggested that RGO accelerated the electron transfer be-
tween electrochemical probe and the surface of electrode.
However, the interfacial electron transfer resistance
slightly increased to about 202.2 Q when RGO/M was
immobilized on GCE (curve c). It should be ascribed to the
existence of the insulating M. This also indicated that M
and RGO were successfully immobilized onto the surface
of GCE as a composite RGO/M.

3.4 Characterization of electrochemical behavior
of RGO/M-GCE

Electrochemical behavior of the modified electrode was
investigated by CV in 0.1 M PBS (pH 7.0). As shown in
Fig. 3b, when 2.5 x 107> M BPA was added into PBS,
a well-defined oxidation peak was observed on all
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electrodes within the potential window of 0.3-0.9 V. It
revealed that the oxidation reaction of BPA was a totally
irreversible electrode reaction, which was in agreement
with previous reports [26]. On the bare GCE (curve a), a
broad oxidation peak was observed at about 0.58 V with
a low peak current. The oxidation current of BPA (at
0.55 V) on RGO-GCE (curve b) was higher than that on
bare GCE. This indicated that the high surface area and
high conductivity of GO increased the effective area of
electrode and improved the catalytic activity toward the
oxidation of BPA. Compared with the bare GCE and
RGO-GCE, a significant enhancement in the anodic
current (at 0.56 V) was achieved on the RGO/M-GCE
(curve c). This was because that M was protonated at
pH 7.0 and became positively charged. Due to the
electrostatic attraction, the existence of M enhanced the
adsorption of RGO/M toward the negatively charged
BPA. Consequently, the oxidation current was increased
[27].

3.5 Effects of scan rate

Figure 4 shows that CV curves of 2.5 x 107> M BPA on
RGO/M-GCE had different scan rates. As shown in
Fig. 4a, the oxidation peak current linearly increased with
the scan rates in the range of 40-150 mV s~! and the
equation could be expressed as following:

Ira = 0.2065v — 3.006(R = 0.9998). (1)
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Fig. 3 a EIS for bare GCE (a), RGO-GCE (b), and RGO/M-GCE
(c) in 0.1 M KClI containing 5 mM [Fe(CN)6]37/ 4= with the sweeping
frequency from 10° to 0.1 Hz. Inset is the equivalent circuit applied to
fit the impedance measurements. b CV curves of bare GCE (a), RGO-
GCE (b), and RGO/M-GCE (c) in PBS solution containing 25 uM
BPA at the scan rate of 50 mV s~

It indicated that the oxidation of BPA on RGO/M-GCE
was a typical adsorption-controlled process (Fig. 4b).
Similarly, the linear relationship between E,, and In v was
also observed in the range of 40-150 mV s~' (Fig. 4c).
The equation could be expressed as following:

Epa = 0.03341nv 4 0.3736(R = 0.9999). (2)

For the adsorption-controlled and totally irreversible
electrode process [26], Ep, was defined by the following
equation:

Epy = E° + (RT JonF) In(RTK® /onF) + (RT JonF) Inv,

(3)

where o is the transfer coefficient, ky is the standard rate
constant of the reaction, n is the electron transfer number
involved in the rate-determining step, v is the scan rate, E°
is the formal redox potential, R is the gas constant, 7 is the
absolute temperature, and F is the Faraday constant. Ac-
cording to the linear correlation of E, versus Inv (Eq. (2)),
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Fig. 4 a CV curves of RGO/M-GCE in 0.1 M PBS containing
25 uM BPA at various scan rates (40, 50, 60, 70, 80, 90, 100, 110,
120, and 150 mV s™' from a to j, respectively). b The plot of peak
current versus scan rate

the slope of the line was equal to RT/onF. Therefore, an
was calculated to be 0.86. Generally, « was assumed to be
0.5 in totally irreversible electrode process, so the electron
transfer number (n) was around 2. As demonstrated in the
pH-dependent electrochemical response, the numbers of
electron and proton involved in the oxidation process of
BPA were equal, and the electrooxidation of BPA on RGO/

@ Springer



348

J Appl Electrochem (2015) 45:343-352

M-GCE was the two-electron and two-proton process,
which could be illustrated as following:

-2H*
oo 2 o
-2e”

3.6 Effects of accumulation potential and accumulation
time

It was generally known that accumulation could improve
the amount of BPA adsorbed on the electrode surface. Then
the sensitivity of determination was improved, and the de-
tection limit was lowered. The influences of accumulation
time along with accumulation potential on the oxidation
peak current obtained on the RGO/M-GCE were investi-
gated from 0.3 to 0.9 V. Figure 5a shows that the oxidation
peak current gradually increased with the accumulation
time. The longer the accumulation time was, the more the
BPA inserted to the interlayer of RGO/M and adsorbed onto
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Fig. 5 a Effects of accumulation time on the oxidation peak current
in 0.1 M PBS containing 25 pyM BPA at pH 7.0. b Effects of
accumulation potential on the oxidation peak current in 0.1 M PBS
containing 25 pM BPA at pH 7.0. ¢ The relationship between the
peak potential (E,,) and the natural logarithm of scan rate (Inv)
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its surface was. Only slight increase of the peak current was
observed after 200 s of accumulation, suggesting that the
accumulation of BPA on the modified GCE rapidly reached
saturation. Besides, the influence of the accumulation po-
tential on the oxidation peak current of BPA was investi-
gated (Fig. 5b). The highest oxidation peak current was
achieved at —0.2 V. Thus, the accumulation step was per-
formed at an optimal accumulation potential of —0.2 V and
an optimal accumulation time of 200 s.

3.7 Effects of pH

The effect of pH value of PBS on the current response of
RGO/M-GCE to BPA was investigated in the pH range of
5.54-8.91. As shown in Fig. 6a, the peak current slowly
increased when the pH of the solution increased from 5.54
to 7.02, and then decreased with the further increase of pH.
This showed that the protons participated in the reaction
process of electrode [28]. As pH increased beyond 7.02, the
residual carboxylic acid groups on the surface of RGO and
BPA would be deprotonated and become anions. Due to the
mutual repulsion between the negatively charged acidic
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Fig. 6 a CV curves of 25 pM BPA at different pH: 5.54, 6.25, 7.02,
8.02, and 8.91 on RGO/M-GCE with the scan rate of 50 mV s~ ! b The
relationship of the oxidation peak potential and current against pH
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anions and BPA, the current response decreased. Consid-
ering the sensitivity of determination of BPA, pH 7.0 was
chosen in the subsequent analytical experiments. The re-
lationship between the oxidation peak potential (Ep,) and
pH is also shown in Fig. 6b. It was found that the peak
potential of RGO/GCE decreased with the increase of pH
from 5.54 to 8.91. It obeyed the following equation:

Epa(V) = —0.05528 pH + 0.9392. (4)

The slope value (55.28 mV pH™ ') was very close to the
theoretical value (57.6 mV pH™'), indicating that the
electron transfer was accompanied by the equal number of
protons in the electrode reaction [29].

3.8 Electrochemical effective surface area and standard
heterogeneous rate constant

The electrochemical effective surface areas (A) of bare
GCE and RGO/M-GCE were investigated by chrono-
coulometry from O to 1.0 V. K;[Fe(CN)g] was used as the
model complex according to the following Anson equation:

Q(t) = 2’nFACD1/2t1/2/T[l/2 + le + Qad57 (5)

where A is the surface area of working electrode, c¢ is the
concentration of substrate, Qg is the double layer charge
which can be eliminated by background subtraction, Q.4 is
the Faradaic charge, D is the diffusion coefficient, and other
symbols have their usual meanings [30]. The experiment
was carried out in K;[Fe(CN)g] solution (1.0 x 10~ M)
containing 1.0 M KCI. The standard diffusion coefficient
(D) of K5[Fe(CN)g] is 7.6 x 107% cm? s™' at 25 °C [31].
According to the results shown in Fig. 7a, the linear re-
gression curves of Q — ¢ fit the following equations for
bare GCE and RGO/M-GCE, respectively.

0 =6.82x 1072 —-0.07 x 107° (6)
Q0 =54.76 x 107°%'2 —6.33 x 107° (7)

Based on the curves of Q versus /2, A was calculated to

be 0.0114 cm® and 0.0912 cm® for GCE and RGO/M-
GCE, respectively. These results indicated that the effec-
tive surface area of the electrode remarkably increased
after the electrode was modified. This increased the ad-
sorption capacity of BPA due to the attraction between
BPA and RGO/M. Then the enhanced current response and
decreased detection limit were obtained.

The chronocoulometry experiments were carried out on
RGO/M-GCE in 0.1 M PBS at pH 7.0 in the absence and
presence of 2.5 x 10~® M BPA, respectively. As shown in
Fig. 7b, the plot of Q against "> showed a linear relation-
ship after background subtraction. The linear regression
curves of Q — 1'* accorded with the following equation:
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Fig. 7 a Plot of O—t curves of (a) bare GCE, and (b)) RGO/M-GCE in
0.1 mM Kj;[Fe(CN)¢] containing 1.0 M KCI. Insert: plot of 011"
curves on (a) RGO/M-GCE and (b) bare GCE. b Plot of Q—f curves of
the modified electrode in 0.1 M PBS at pH 7.0 in the presence (a), and
absence (b) of 0.1 M BPA, respectively. Inset is the plot of O—'">
curve on RGO/M-GCE

0 =24.85x10"%"2-131x107° (8)

The slope is 2.49 x 1075, and the intercept (Q,qs) 1S
1.31 x 107°C. D was calculated to be 2.5 x 107> cm? s~ !
at 25°Casn=2,A=00912cm? and ¢ = 2.5 x 107*
M. The adsorption capacity, I';, was calculated to
be 5.95 x 107® mol cm™? according to the following
equation:

Q.45 = nFAT 9)
The standard heterogeneous rate constant (k) for totally
irreversible oxidation of BPA at the modified electrode was
calculated according to the Velasco equation:
ko = 2.415 exp(—0.02F /RT)D"/* (Epy — Epyja) /v,
(10)
where E,,, represents the potential at which I = I, in

linear sweep voltammetry, D is diffusion coefficient, and
other symbols have their usual meanings [32]. The kg of
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BPA was calculated to be about 9.1 x 107> cm s '. The
standard heterogeneous rate constant (k) for totally irre-
versible oxidation of BPA at the modified electrode was
found to be 2.65 x 1072 cm s~' [33]. The higher k, of
RGO/M-GCE could be attributed to the high adsorption
capacity and conductivity of RGO/M. This suggested that
RGO/M-GCE provided fast electron transfer between BPA
and the surface of electrode.

3.9 Determination of BPA by differential pulse
voltammetry

The determination of BPA on the RGO/M-GCE was per-
formed using the differential pulse voltammetry technique
(the quantification limit value (QL) for BPA was 0.01 pM)
under the optimal conditions (pH 7.0, scan rate of
50 mV sfl, accumulation time of 200 s, and accumulation
potential of —0.2 V). As shown in Fig. 8a, the oxidation
peak current of BPA increased when the concentration of
BPA increased from 1.0 x 107% to 2.0 x 10™* M. As
shown in Fig. 8b, the calibration curve between the peak

0
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10 - 200 pmol L
<
2
-~ _20 -

-30 1

0.0 0.2 0.4 0.6 0.8 1.0
EM)

354 p
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¢ (umol L'1)

Fig. 8 a DPV curves of RGO/M-GCE in BPA solution at different
concentrations (0.01, 10, 50, 75, 100, 150, and 200 pM, respectively).
b Linear calibration curves
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current (/) and the BPA concentration (¢, 1.0 x 1078~
2.0 x 107" M) could be described by the following
equation:

I(uA) = 0.0969¢ + 14.83(R = 0.9976) (11)

The detection limit was estimated to be 4.0 x 107° M
when signal-to-noise ratio (S/N) was 3. It was lower than
those reported in previous studies (Table 1). The enhanced
performance of RGO/M-GCE could be attributed to the
combination of the excellent electrocatalytic properties of
RGO and the electrostatic adsorption between the proto-
nated M and BPA.

3.10 Reproducibility, stability, and interference

Reproducibility and stability are key elements for elec-
trode performance. To prove the precision and practica-
bility of the proposed method, the reproducibility of the
RGO/M-GCE was investigated by cyclic voltammetry.
The relative standard deviation was 1.9 % for the deter-
mination of 25 uM BPA after 20 successive measure-
ments. This showed that the RGO/M-GCE had good
reproducibility.

For the demonstration of the stability, the electrode
was investigated by measuring the current response with
25 uM BPA every 2 weeks. Between measurements, the
electrode was stored at 4 °C in a refrigerator. The re-
sponse current of the electrode decreased to 96 % after
2 weeks. The electrode still retained 85 % of its original
response even after 4 weeks. This indicated that the fab-
ricated sensor had good stability. The good stability of
RGO/M-GCE might be mainly attributed to the high
thermal stability.

Under optimal conditions, the interference test was
performed in the presence of 100-fold concentration of
hydroquinone, phenol 4-nitrophenol, hydroxyphenol,
ethanol, Mg, Cu®™, Ca®™, Fe’™, A>T, Zn**, SO,*~, and
NO; ™. The results showed that these organic compounds
had no influences on the signals of BPA with deviations
below 5 %. 100-fold concentration of above metal ions had
no influences on the determination of 25 uM BPA.

3.11 Practical application

In order to confirm the performance of the fabricated
sensor in practical applications, the BPA in the real sam-
ples (PVC food package, PC baby bottle, and PC water
bottle) was detected. All samples were obtained from the
local market. A standard addition method was used to
evaluate the analytical performance of the sensor, and the
results are summarized in Table 2. The recoveries were in
the range of 97.00-100.96 %. This indicated that this
method had good accuracy.
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Table 1 Comparison of RGO/M-GCE sensor for determination of BPA with those reported

Sensors Linear range (uM) DL (uM) References
MWCNT-GCE 0.02-20 0.0075 [17]
CS/Fe;04-GCE 0.05-30 0.008 [18]
PAMAM/Fe;0,-GCE 0.01-3.07 0.005 [19]
NiTPPS/MWCNT-GCE 0.05-50 15 [20]

ITO electrode 5-120 0.29 [21]
Tyrosinase-CPE 1-20 0.15 [22]
RGO/M-GCE 0.01-200 0.004 This work

MWCNT multiwalled carbon nanotubes, CS Chitosan; PAMAM poly(amidoamine), NiTPPS Ni(Il)tetrakis(4-sulfonatophenyl) porphyrin, CPE

carbon paste electrode

Table 2 Determination of BPA

; . Sample Measured (UM) Added (pM) Found (uM) Recovery (%)
in real plastic samples

PC bottle 4.67 10.00 14.23 97.00

PVC food package 5.52 10.00 15.67 100.96

PVC bottle 4.85 10.00 14.98 100.87

PC baby bottle 2.45 10.00 12.33 99.03

4 Conclusions

A sensitive and reliable electrochemical sensor was devel-
oped for the determination of BPA based on RGO/M-mod-
ified glass carbon electrode. Due to the combination of the
excellent electrocatalytic property of RGO and the electro-
static attraction of protonated M, the modified electrode ex-
hibited the enhanced performance on the oxidation of BPA.
Under the optimal conditions, good linearity was observed
between the differential pulse voltammetric peak current and
the concentration of BPA in the range of 1.0 x 107°—
2.0 x 10~* M in PBS at pH 7.0 with the detection limit of
4.0 x 1072 M (S/N = 3). The fabricated sensor was suc-
cessfully applied in determining BPA in real plastic samples
with good recoveries (97.00-100.96 %). Moreover, the sen-
sor showed remarkable stability and reproducibility. Com-
pared with many other reported electrochemical sensors, the
new sensor possessed higher sensitivity and faster response.
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