
INTRODUCTION

Nowadays, the plastic industry applies bisphenol-A [2,2-
bis(4-hydroxyphenyl)propane, BPA] in producing epoxy
resins and polycarbonate extensively1. However, it has been
proved by many researches that bisphenol-A can disturb
growth, development and reproduction by mimicking and
interfering with hormonal activities2 and could possibly cause
breast cancer, testicular cancer, diabetes, hyperactivity, obesity
and low sperm counts3. Endocrine disruptors can disturb the
secretion timing of natural hormone, which may cause pro-
creation and grow problems, so endocrine disruptor detection
is favoured by many researchers recently in view of health.
Bisphenol-A can leach into food and environment when these
plastic products are used for nursing bottle, food can linings
and beverage container, etc.4,5. Thus, it is necessary and signi-
ficant to monitor this important endocrine disrupting compound
in trace.

There are some popular methods for determination of
bisphenol-A such as solid-phase microextraction6, surface
plasmon resonance biosensor7, high-performance liquid
chromatography with UV detector (HPLC-UV)5,8, liquid
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HAP) and mesoporous titanium dioxide (meso-TiO2) have been synthesized and an electrochemical sensor for bisphenol-A was fabricated
based on immobilizing meso-hydroxyapatite, meso-TiO2 and multi-walled carbon nanotubes (MWCNT) onto glassy carbon electrode
(GCE) surface. Compared with bare electrode and single layer modified electrode, meso-HAP/meso-TiO2/MWCNT modified electrode
not only significantly enhanced the oxidation peak current of bisphenol-A, but also lowered the oxidation overpotential, suggesting that
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1.0 × 10-9 M (S/N = 3). The fabricated electrode showed good reproducibility, stability and antiinterference. The proposed method was
successfully applied to determine bisphenol-A in plastic products and the results were satisfactory.
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chromatographic-tandem mass spectrometric (LC-MS/MS)9,
fluorescence sensor10, flow injection inhibitory chemilumine-
scence method11 and molecular imprinting technique12. These
methods have some advantages like high sensitivity and low
detection, but they have many disadvantages such as time-
consuming pre-treatment steps, slow processing of multiple
samples and complicated and expensive instrumentations,
which result in on-site measurement impossible. Therefore, a
new analytical technique with low cost, simple operation, time
saving and real-time detection is needed. Under such situation,
electrochemically analytical technique is a good choice to
monitor lower concentration of bisphenol-A in environment.
In conventional electrochemical analytical system, the working
electrode needs surface modifying to improve the electro-
chemical responses. Recently, Yin et al.13 used poly-amido-
amine and Fe3O4 magnetic nanoparticles modified electrode
to investigate the electrochemical behaviours of bisphenol-A
and realize the determination of bisphenol-A with lower
detection limit of 5 nM. Though many other modified electrodes
based on thionine14, MWCNT/CoPc/SF15, MWCNT/GNPs16,
NiTPPS/carbon natube17, PAMAM/AuNPs/SF18, Mg-Al-CO3/
LDH19 and mesoporous silica20, have also been reported to
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detect bisphenol-A with satisfactory results. But it is still a
challenge to fabricate a new electrochemical sensor based on
excellent nanomaterials with simpler treatment and synthesis.

A novel electrochemical sensor for bisphenol-A was
successfully fabricated in this work. The working electrode of
this sensor was modified with multi-walled carbon nanotubes
(MWCNT), mesoporous hydroxyapatite (meso-HAP) and
mesoporous titanium dioxide (meso-TiO2) for improve deter-
mination sensitivity and selectivity. MWCNT was treated by
strong acid before use. Meso-HAP and meso-TiO2 were
synthesized through preferable preparation routes. The electro-
oxidation peak of bisphenol-A was greatly increased at meso-

HAP/meso-TiO2/MWCNT modified electrode and it can be
used an analytical sign for bisphenol-A determination. The
experimental parameters were optimized and the kinetic
parameters of the electrode process were also calculated.
Finally, this sensor was applied to determine trace amounts of
bisphenol-A in several plastic samples and the recoveries were
satisfactory.

EXPERIMENTAL

MWCNT (purity > 95 %) were obtained from Shenzhen
Nanotech Port Co. Ltd. (Shenzhen, China). Before use,
MWCNT were refluxed for 5 h in concentrated solution HNO3/
H2SO4 (1/3 by volume), followed by filtering, rinsing with
redistilled water and drying in air. Meso-TiO2 was prepared
by using the hydrolysis condensation method with non-ionic
surfactant Triton X-100 as a template according to the litera-
ture21. Meso-HAP was successfully prepared from Ca(NO3)2·4H2O
and NH4H2PO4 using surfactant cetyltrimethyl ammonium
bromide as a template according to the literature22. Bisphenol-
A was purchased from Sigma-Aldrich. The bisphenol-A stock
solution of 0.01 M was prepared by dissolving the required
amount of bisphenol-A in ethanol and kept in darkness at 4 ºC.
Working solutions were freshly prepared before use by diluting
the stock solution. A phosphate buffer solution (PBS, pH 7.0)
of 0.1 M was always employed as a supporting electrolyte.
Solutions were deaerated by bubbling high-purity nitrogen
before the experiments. Unless otherwise stated, all chemicals
and reagents used were of analytical reagent grade and all of
the chemicals and reagents were used without further purifi-
cation. All solutions were prepared with redistilled water.

All electrochemical experiments were performed on a
CHI660D electrochemical workstation (Shanghai Chenhua Co.
Ltd., Shanghai, China) with a conventional three-electrode cell.
A bare or modified glassy carbon electrode (GCE) was used
as working electrode. A saturated calomel electrode (SCE)
and a platinum wire were used as reference electrode and
auxiliary electrode, respectively. The pH measurements were
carried out on PHS-3C exact digital pH metre (Shanghai REX
Instrument Factory, Shanghai, China), which was calibrated
with standard pH buffer solutions. All the measurements were
carried out at room temperature.

Preparation of meso-HAP/meso-TiO2/MWCNT/GCE:

Before modification, a bare GCE (3 mm in diameter) was
polished to form a mirror-like surface with 0.3 and 0.05 µm
alumina slurry on micro-cloth pads, then washed successively
with HNO3 (1/1 by volume), anhydrous alcohol and redistilled

water in an ultrasonic bath and dried in air before use. For
fabrication of modified electrodes, the modifier suspension
was prepared by dispersing 6 mg mixture of meso-TiO2, meso-

HAP and MWCNT (1/1/1 by mass) in 3 mL ethanol under
ultrasonication for 0.5 h. This suspension of 5 µL was coated
onto the GCE surface using a micropipette, followed by evapo-
rating the solvent under an infrared lamp. The obtained elec-
trode was denoted as meso-HAP/meso-TiO2/MWCNT/GCE.
For comparison, the MWCNT/GCE, meso-HAP/GCE and
meso-TiO2/GCE were independently prepared by the similar
procedures as described previously. All the modified electrodes
were stored at 4 ºC in a refrigerator when they were not used.

Preparation of bisphenol-A solution: Five kinds of
plastic products were purchased from a local supermarket.
These samples were first cut into small pieces and washed
twice with redistilled water. Then the plastic products were
treated as following process to obtain sample solutions. Plastic
product pieces (10 g) and redistilled water (40 mL) were added
into a beaker and sealed with fresh keeping film. Then the
sample was ultrasonicated for 0.5 h and immersed in 60 ºC
constant temperature water bath for 48 h. After filtrated, the
liquid phase was collected in a 100 mL volumetric flask. The
extraction process was repeated two times and the extract
solutions were also collected in the same volumetric flask.
Finally, the extract solution was diluted to 100 mL with redis-
tilled water. Otherwise, the spiked sample solution was
prepared as the same method after adding known-amount of
bisphenol-A standard solution.

RESULTS AND DISCUSSION

Cyclic voltammetric behaviours of bisphenol-A: Fig. 1
shows the CVs of 0.5 mM bisphenol-A in 0.1 M PBS (pH 7.0)
obtained at GCE (a), meso-HAP/GCE (b), MWCNT/GCE (c),
meso-TiO2/GCE (d) and meso-HAP/meso-TiO2/MWCNT/
GCE (e). It is suggested that the oxidation of bisphenol-A at
these electrodes is totally irreversible under these experimental
conditions, which is in agreement with previous reports13-20.
The oxidation currents of bisphenol-A on the HAP/GCE and
MWCNT/GCE were higher than that at the bare GCE, indi-
cating that meso-HAP and MWCNT had obviously electro-
catalytic activity towards the bisphenol-A oxidation due to
their increased adsorption sites and the larger effective surface
areas. When meso-TiO2 were immobilized on GCE surface, a
higher current response for the oxidation of bisphenol-A was
observed compared with the bare GCE, meso-HAP/GCE and
MWCNT/GCE, which could be attributed to electrostatic
adsorption between the positively charged TiO2 and the nega-
tively charged bisphenol-A. It is well recognized that the
surface of TiO2 in an aqueous environment takes electric
charges that are dependent on pH and the surface charge is
positive at acidic and neutral conditions due to the presence
of ≡ TiOH2

+ groups23,24. Furthermore, the current response was
much higher at meso-HAP/meso-TiO2/MWCNT/GCE than
those at other electrodes, which could be attributed to the
synergistic effect of meso-TiO2, meso-HAP and MWCNT,
leading to increase the determination sensitivity and decrease
the limit of detection. In addition, the oxidation potential
obtained at TiO2/HAP/MWCNT/GCE (0.718 V) was lower
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Fig. 1. CVs of 0.5 mM bisphenol-A (a) GCE, (b) meso-HAP/GCE, (c)
MWCNT/GCE, (d) meso-TiO2/GCE and (e) meso-HAP/meso-TiO2/
MWCNT/GCE in 0.1 M PBS (pH 7.0). Scan rate: 50 mV s-1,
accumulation potential: -0.2 V, accumulation times: 180 s

than that at meso-TiO2/GCE (0.744 V), MWCNT/GCE (0.753
V), HAP/GCE (0.748 V) and GCE (0.758 V), resulting from
the synergistic effect produced by meso-TiO2, meso-HAP and
MWCNT, suggesting that the interference of determination
could be reduced. The oxidation potential of bisphenol-A at
meso-HAP/meso-TiO2/MWCNT/GCE was also smaller than
those in previous reports under near-neutral pH conditions,
such as Si/boron-doped electrode (1.20 V vs. SCE)25 and Pt
electrode (0.89 V vs. SCE)26. Therefore, a substantial decrease
in oxidation overpotential has been achieved in the present
study with meso-HAP/meso-TiO2/MWCNT/GCE. However,
the oxidation potential of bisphenol-A in this work was bigger
than that at MWCNT/CoPc/SF/GCE (0.625 V vs. SCE)15 and
poly-amidoamine/Fe3O4/GCE (0.541 V vs. SCE)13. The diffe-
rence of the oxidation potential of bisphenol-A might be
attributed to the matrix electrode, supporting electrolyte, modi-
fication procedure and modified materials.

Effect of meso-HAP/meso-TiO2/MWCNT concentration:

Fig. 2 depicts the influence of concentration of meso-HAP/
meso-TiO2/MWCNT on the oxidation peak current of 0.5 mM
bisphenol-A. As gradually improving the content of meso-

HAP/meso-TiO2/MWCNT from 0-2 mg mL-1, the peak current
of bisphenol-A greatly enhances. With increasing the content
of meso-HAP/meso-TiO2/MWCNT, the effective surface area
and the accumulation efficiency also improve. Consequently,
the surface concentration of bisphenol-A increases and then
the oxidation peak current also enhances. When further increasing
the content from 2 to 5 mg mL-1, the oxidation peak current of
bisphenol-A increases slightly, suggesting that if the nano-
composite film is too thick, it is not beneficial for bisphenol-A
sensing. In this work, the best content of meso-HAP/meso-

TiO2/MWCNT is selected as 2 mg mL-1.
Effect of pH: The effect of pH on the current response of

meso-HAP/meso-TiO2/MWCNT/GCE to 0.5 mM bisphenol-
A was investigated in the pH range from 4-9. As shown in Fig.
3A, the oxidation peak current gradually increased with the
increase of pH value from 4-7. When pH value improved, the
electrochemical oxidation of bisphenol-A became much easier,
so the peak current gradually increased. However, the oxidation

Fig. 2. Effect of meso-HAP/meso-TiO2/MWCNT concentration on the peak
current of 0.5 mM bisphenol-A

Fig. 3. (A) CVs of 0.5 mM bisphenol-A at meso-HAP/meso-TiO2/MWCNT/
GCE under different pH. a-f: 4, 5, 6, 7, 8 and 9. (B) Effect of pH on
the oxidation current and oxidation potential

signal of bisphenol-A gradually decreased as further increasing
pH value from 7-9, may be caused by the fact that the activity
of sensor lowered at higher pH value. Undoubtedly, determi-
nation of bisphenol-A at pH 7 has the highest sensitivity.
Moreover, the background current was relatively low and the
oxidation peak was well shaped at pH 7. In high pH condition
(pH > 7), the amount of negative charge in meso-HAP/meso-

TiO2/MWCNT would increase because of ≡ TiO– groups pre-
sented in the TiO2 surface23,24. This would reduce the adsor-
ption of bisphenol-A, leading to decrease the current response.
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Moreover, the maximum response to pH was lower than the
pKa of bisphenol-A (pKa = 9.73)27, which indicated that in
this way the non-dissociated bisphenol-A can be adsorbed
better than the dissociated bisphenol-A on the sensor surface.
Therefore, considering the sensitivity of bisphenol-A deter-
mination, a pH value of 7 was chosen for the subsequent
analytical experiments.

The relationship between the oxidation peak potential (Epa)
and pH was also shown in Fig. 3B. A linear shift of Epa

towards negative potential with an increasing pH indicated that
protons were directly involved in the oxidation of bisphenol-
A. It obeyed the following equation: Epa(V) = -0.0505 pH +
0.9622 (R2 = 0.9825). The slope is approximately close to the
theoretical value of -57.6 mV pH-1, indicating that the electron
transfer was accompanied by an equal number of protons in
electrode reaction.

Scan rate effect: The effect of scan rate on the oxidation
of bisphenol-A was also investigated. Fig. 4A showed CVs of
0.5 mM bisphenol-A at meso-HAP/meso-TiO2/MWCNT/GCE
with different scan rates. The oxidation peak current increased
gradually with the increase of scan rate. As shown in Fig. 4B,
the oxidation peak current increased linearly with the square
root of scan rate in the range of 40-300 mV s-1 and can be
expressed as: Ipa (10-4 A) = -0.2687ν

1/2 (mV s-1) + 0.8892 (R2 =
0.9892), which indicated that the oxidation of bisphenol-A on
meso-HAP/meso-TiO2/MWCNT/GCE is a typical diffusion-
controlled process. In addition, with increasing scan rate, the
anodic peak potential (Epa) shifted positively. The relationship
between Epa and the natural logarithm of scan rate (ln ν) was
shown in Fig. 4C. It can be seen that Epa changed linearly versus

ln v with a linear regression equation of Epa = 0.0547 ln ν +
0.4518 (ν, mV s-1, R2 = 0.9607) in the range from 40-300 mV
s-1. For a totally irreversible electrode process, the relationship
between the potential (Ep) and scan rate (ν) could be expressed
as eqn. 1 given by Laviron28:
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where α is the electron transfer coefficient, n is the number of
transfer electron, R, T and F have their usual meanings. Thus,
αn was calculated to be 0.46. Generally, α is assumed to be
0.5 in a totally irreversible electrode process. So, the number
of transfer electron (n) in the electro-oxidation of bisphenol-
A is 1. The pH effect on Epa demonstrated that the number of

Fig. 4. (A) CVs of 0.5 mM bisphenol-A at meso-HAP/meso-TiO2/MWCNT/
GCE with different scan rates. Curves a-h is obtained at 40, 60, 80,
100, 150, 200, 250 and 300 mV s-1, respectively. (B) Plot for the
dependence of peak current on the square root of scan rate. (C)
Relationship between Epa and ln v

electrons and protons involved in the bisphenol-A oxidation
process is equal. Therefore, the electrooxidation of bisphenol-
A on meso-HAP/meso-TiO2/MWCNT/GCE is a one-electron
and one-proton process.

Effect of accumulation conditions: Accumulation can
improve the amount of bisphenol-A absorbed on the electrode
surface and then improve determination sensitivity and decrease
detection limit. In order to evaluate the influence of accumu-
lation potential on determination of bisphenol-A, the oxidation
peak currents of 0.5 mM bisphenol-A after 180 s accumulation
under different accumulation potentials were measured by
differential pulse voltammetry (DPV). The oxidation peak
current increase remarkably when the accumulation potential
shifts from 0.30 to -0.20 V. However, the decreased oxidation
peak current was obtained under more negative accumulation
potential. Therefore, an accumulation potential of -0.20 V was
selected as an optimum accumulation potential for determi-
nation of bisphenol-A. In addition, the oxidation peak current
increased gradually with accumulation time up to 180 s at a
fixed accumulation potential of -0.20 V. More bisphenol-A
could be adsorbed on the electrode surface with extending
accumulation time. Afterwards, the peak current increased
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much slightly as further increasing accumulation time. This
phenomenon could be attributed to the saturated adsorption
of bisphenol-A at the electrode surface. Considering both sensi-
tivity and work efficiency, the optimal accumulation time of
180 s was employed in the further experiments.

Electrochemically effective surface area and ks: The
electrochemically effective surface areas of the bare GCE and
meso-HAP/meso-TiO2/MWCNT/GCE can be calculated by the
slopes of the plot of Q versus t1/2 obtained by chronocoulometry
(Fig. 5) using 0.1 mM K3[Fe(CN)6] as model complex based
on eqn. 2 given by Anson29:

adsdl2/1

2/12/1

QQ
TnFAcD2

)t(Q ++

π

= (2)

where A is surface area of working electrode, c is concentration
of substrate, D is diffusion coefficient (D of K3[Fe(CN)6] is
7.6 × 10-6 cm2 s-1), Qdl is double layer charge which could be
eliminated by background subtraction, Qads is Faradaic charge.
Other symbols have their usual meanings. Based on the slope
of the linear relationship between Q and t1/2, A could be calculated
to be 0.0746 and 0.1619 cm2 for GCE and meso-HAP/meso-

TiO2/MWCNT/GCE, respectively. The results indicated that
the effective surface area of the electrode was increased obvi-
ously after electrode modification, which would increase the
adsorption capacity of bisphenol-A, leading to enhance current
response and decrease detection limit. The diffusion coefficient
(D) and Faradic charge (Qads) of bisphenol-A at meso-HAP/
meso-TiO2/MWCNT/GCE can also be determined using
chronocoulometry based on enq. 2. After background subtrac-
tion, the plot of Q against t1/2 showed a linear relationship with
slope of 2.353 × 10-3 and Qads of 1.191 × 10-4 C. As n = 1, A =
0.1619 cm2 and c = 0.5 mM, D was calculated to be 7.108 ×
10-6 cm2 s-1. According to the equation of Qads = nFAΓs, the
adsorption capacity, Γs, could be obtained as 7.623 × 10-9 mol
cm-2 which was much greater than that of poly-amidoamine/
Fe3O4/GCE13, PAMAM/AuNPs/SF/GCE18 and Mg-Al-CO3/
LDH/GCE19. The standard heterogeneous rate constant (ks)
for totally irreversible oxidation of bisphenol-A at the modified
electrode was calculated based on eqn. 330:
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Fig. 5. Plot of Q-t curves (insert: plot of Q-t1/2 curves) of (a) GCE and (b)
meso-HAP/meso-TiO2/MWCNT/GCE in 0.1 mM K3[Fe(CN)6]
containing 0.1 M KCl and (c) meso-HAP/meso-TiO2/MWCNT/GCE
in 0.1 M pH 7.0 PBS in the presence of 0.5 mM bisphenol-A

where Ep and Ep/2 represent the peak potential and the potential
at which I = Ip/2 in linear sweep voltammetry (LSV), respec-
tively. Other symbols have their usual meanings. In this work,
Ep - Ep/2 = 62 mV, D = 7.108 × 10-6 cm2 s-1, v = 50 mV s-1 and
T = 293 K. Therefore, ks was calculated to be 3.904 × 10-3 cm
s-1, which was bigger than that of 1.08 × 10-3 cm s-1 at PAMAM/
AuNPs/SF/GCE18 or 2.5 × 10-3 cm s-1 at Mg-Al-CO3/LDH/
GCE19, indicating a relative fast electrode reaction process
under our experimental conditions.

Analytical application: The determination of bisphenol-
A concentration using meso-HAP/meso-TiO2/MWCNT/GCE
was performed with DPV (Fig. 6). The results showed that the
anodic peak current (Ipa) was proportional to bisphenol-A
concentration in the range of 8.0 × 10-9-4.0 × 10-7 M. The linear
regression equation can be expressed as Ipa (10-7 A) = 0.03669C
(10-9 M) + 8.8219, with a correlation coefficient of 0.9979.
The linear range was broader in low concentration edge than
the reported ranges obtained from some modified electrodes
such as PAMAM/Fe3O4/GCE13, thionine/CPE14, MWCNT/
CoPc/SF/GCE15 and Mg-Al-CO3/LDH/GCE19. The detection
limit (S/N = 3) is estimated to be 1 × 10-9 M, lower than that from
HPLC-UV3, fluorescence sensor5, flow-injection chemilumine-
scence method6 and many other modified electrodes14-18,20,31,32.
A detailed comparison of the performance of different electro-
chemical methods for the determination of bisphenol-A is
summarized in Table-1. It can be concluded that the meso-

HAP/meso-TiO2/MWCNT/GCE is an excellent platform for
the detection of bisphenol-A.

Fig. 6. DPV curves of bisphenol-A at meso-HAP/meso-TiO2/MWCNT/
GCE in 0.1 M PBS (pH 7.0) containing different concentrations of
bisphenol-A (a-j: 0, 0.008, 0.015, 0.040, 0.070, 0.100, 0.160, 0.230,
0.300, 0.400 µM). Insert: calibration curve. Amplitude: 0.05 V; pulse
width: 0.05 s; pulse period: 0.2 s; accumulation potential: -0.2 V;
accumulation times: 180 s

To demonstrate its suitability and potential for sample
analysis, this method was used to determine bisphenol-A in
five kinds of plastic products (nursing bottle, milk container,
mineral water bottle, food can linings, beverage container).
Under the optimized conditions, a certain volume of sample
solution was added into pH 7.0 PBS and then analyzed accor-
ding to the above described procedure. To study the accuracy
of the proposed method, recovery experiments were carried

0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

t1/2/s1/2

10

9

8

7

6

5

4

3

2

1

-Q
/1

0
–
4
C

00. 0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24 0.27

t/s

0

-1.0

-2.0

-3.0

-4.0

-5.0

-6.0

-7.0

-8.0

-9.0

-1.0

Q
/1

0
–

4
C

00. 50 100 150 200 250 300 350 400 450

CBPA (10–9 M)

24

22

20

18

16

14

12

10

8

-I
p

a
 (

1
0

–
7
 A

)

1.00 0.90 0.80 0.70 0.60 0.50 0.40

Potential (V)

0

-0.3

-0.6

-0.9

-1.2

-1.5

-1.8

-2.1

-2.4

C
u

rr
e

n
t 
(1

0
–

6
 A

)

Vol. 25, No. 6 (2013) A Novel Electrochemical Sensor for Determination of Hormone Bisphenol A  3151



out by standard addition method. The percentage of the recovery
values was calculated by comparing the concentration obtained
from the samples with the totally actual and added concen-
trations. The results obtained are listed in Table-2. The recoveries
were in the range 98.63-104.81 %, indicating that this method
had good accuracy. For comparison, the bisphenol-A concen-
trations were also detected with HPLC and the results were
also shown in Table-2. The analytical results obtained by both
methods showed a good agreement (relative error < ± 5 %),
suggesting that determination of bisphenol-A using this
proposed sensor is feasible.

Reproducibility, stability and interference: The fabri-
cation reproducibility for ten modified electrodes was carried
out by comparing the oxidation peak current of 0.5 mM
bisphenol-A. The relative standard deviation (RSD) was 4.32
%, revealing that this method had good reproducibility. The
stability of the electrode was also investigated by measuring
the electrode response with 0.5 mM bisphenol-A every 10 days.
Between measurements the electrode was stored at 4 ºC in a
refrigerator. The current response decreased to 94 % after 10
days, while 90 % of the original response retained after 20
days. The electrode still retained 87 % of its original response
even after 30 days. On the other hand, in order to evaluate the
selectivity of the biosensor, the influence of some possible
interfering substances was examined in pH 7.0 PBS solution

containing 0.5 mM bisphenol-A. The results suggested that
100-fold concentration of phenol, hydroquinone, hydroxy-
phenol, pyrocatechol, 4-nitrophenol, 2,4-dinitrophenol and
dioctyl phthalate had no influence on the signals of bisphenol-
A with deviations below 5 %. Additionally, some inorganic
ions such as 200-fold concentration of Na+, K+, Mg2+, Ca2+,
Ni2+, Co2+, Fe3+, Cl–, Br–, I–, NO3

–, SO4
2-, have no influence on

the signals of bisphenol-A with deviations below 5 %. The
results obtained from reproducibility, stability and interference
tests indicated that meso-HAP/meso-TiO2/MWCNT/GCE
might be suitable for analytical application.
Conclusion

An electrochemical sensor for bisphenol-A was fabricated
using meso-HAP/meso-TiO2/MWCNT as electrode modifi-
cation materials and a novel sensitive and reliable electro-
chemical method was developed to determine trace amounts
of environmental hormone bisphenol-A in plastic products.
With the synergistic effect of the meso-HAP/meso-TiO2/
MWCNT, the oxidation peak current increased remarkably
compared with meso-HAP/GCE, meso-TiO2/GCE and
MWCNT/GCE. Moreover, this is the first time to report the
determination of bisphenol-A at the meso-HAP/meso-TiO2/
MWCNT/GCE utilizing the oxidation signal of bisphenol-A.
In addition, the fabricated sensor exhibited high sensitivity,
good accuracy and acceptable stability.

TABLE-1 
PERFORMANCE COMPARISON OF PRESENT SENSOR FOR BISPHENOL-A  

DETECTION WITH OTHER ELECTROCHEMICAL SENSORS 

Sensor Linear range 
(µM) 

Detection 
limit (nM) 

Recovery (%) Γs (mol cm–2) ks (cm s-1) Stability Ref. 

HAP/TiO2/MWCNT/GCE 
PAMAMa/Fe3O4/GCE 
Thionine/CPE 
MWCNT/CoPcb/SFc/GCE 
MWCNT/GNPs/GCE 
NiTPPSd/carbon nanotube/GCE 
PAMAM-GNPse-SF/GCE 
Mg-Al-CO3/LDHf/GCE 
Mesoporous silica 
CoPc/CPE 
NiTAPcg/Ni-O-Ni/gold electrode 
PAMAM/CoTe quantum dots/GCE 
Carboxylated MWCNT/GCE 
Acetylene black/DHPh/GCE 
ITO electrode 

0.008-0.4 
0.01-3.07 
0.15-45 
0.05-3 
0.02-20 
0.05-50 

0.001-1.3 
0.01-1.05 
0.22-8.8 

0.0875-12.5 
700-30000 
0.013-9.89 

0.01-10 
0.02-5 
5-120 

1 
5 

150 
30 
7.5 
15 
0.5 
5 

38 
10 

3.68 
1 
5 
6 

290 

98.78-104.81 
95.3-104 

– 
95.36-104.39 

93.8-103.1 
96-104 
97-105 

96.06-104.9 
91.3-107.2 
92.1-107.8 

– 
97-107.2 

98.4-102.8 
98.6-99.2 

– 

7.623×10-9 
4.22×10-11 

– 
– 
– 

2.2×10-9 
1.01×10-11 
1.10×10-11 

– 
1.64×10-11 

1.11-5.46×10-10 
2.41×10-11 

– 
– 
– 

3.904×10-3 
3.16×10-3 

– 
– 
– 
– 

1.08×10-3 
2.5×10-3 

– 
2.65×10-3 

– 
1.85×10-3 

– 
– 
– 

87 % (30 days) 
86 % (30 days) 

– 
75 % (30 days) 

– 
– 

91.4 % (14 days) 
92 % (15 days) 

– 
70 % (25 days) 

– 
72 % (35 days) 
82 % (30 days) 

94.1 % (21 days) 
– 

This study 
[13] 
[14] 
[15] 
[16] 
[17] 
[18] 
[19] 
[20] 
[31] 
[32] 
[33] 
[34] 
[35] 
[36] 

aPAMAM: poly-amidoamine. bCoPc: cobalt phthalocyanine. cSF: silk fibroin. dGNPs: gold nanoparticles. eNiTPPS: Ni(II)tetrakis(4-
sulfonatophenyl) porphyrin. fLDH: layered double hydroxide. gNiTAPc: Nickel tetraamino phthalocyanine. hDHP: dihexadecyl hydrogen 
phosphate. 

 
TABLE-2 

DETERMINATION OF BISPHENOL-A IN PLASTIC SAMPLES 

Detected by this method 
Samplea Measuredb 

(nM) 
Added 
(nM) 

Predicted 
(nM) 

Foundb 
(nM) 

RSDc 

(%) 
Recovery 

(%) 

Detected by 
HPLCb (nM) 

Relative 
error (%) 

Nursing bottle 
Milk container 
Mineral water bottle 
Food can linings 
Beverage container 

95 
87 
143 
158 
179 

100 
100 
150 
150 
150 

195 
187 
293 
308 
329 

202 
196 
289 
305 
325 

3.89 
4.05 
2.93 
3.62 
4.18 

103.59 
104.81 
98.63 
99.03 
98.78 

209 
202 
285 
295 
320 

–3.35 
–2.97 
1.40 
3.39 
1.56 

aAll the plastic samples were made in China. bMean of five measurements. cRelative standard deviation for n = 5. 
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