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A B S T R A C T

A simple and sensitive electrochemiluminescence (ECL) aptasensor has been developed for bisphenol A (BPA)
detection. The capture DNA (CDNA) was modified on the heated indium-tin-oxide (ITO) working electrode
surface firstly and then hybridized with BPA aptamer to form double strand DNA (dsDNA). The presence of
target can cause the releasing of aptamer from the electrode surface since the aptamer prefers to switch its
configuration to combine with BPA. Subsequently, the free CDNA will induce hybridization chain reaction (HCR)
to produce long dsDNA on the electrode surface. Ru(phen)32+ can integrate into the grooves of dsDNA to act as
an ECL reagent, thus enhanced ECL signal can be detected. The temperature control during the processes of
target recognition and HCR were realized through the heated electrode instead of the bulk solution heating.
Furthermore, the performance of the ECL aptasensor can be further enhanced at elevated electrode temperature.
Under the optimized conditions, the ECL intensity of the system has a linear relationship with the logarithm of
BPA concentration in the range of 2.0 pM-50 nM. The limit of detection (LOD) at 55 °C (electrode surface
temperature) was calculated to be 1.5 pM, which was approximately 6.5-fold lower than that at 25 °C. The
proposed biosensor has been applied to detect the BPA in drink samples with satisfactory results.

1. Introduction

Bisphenol A (BPA), a key monomer for the polymer or related
products, is considered as the most important endocrine disruptor that
can lead to negative effects on human health in low dosage (Abnous
et al., 2018; Lim et al., 2017). Many techniques had been developed and
applied for BPA detection with high sensitivity (Shi et al., 2018). Gas
chromatography mass spectrometry (GC-MS) and liquid chromato-
graphy mass spectrometry (LC-MS) are regarded as gold standard tools
for BPA detection with excellent accuracy, but most of these methods
need complicated sample preparation (Badie Bostan et al., 2017). En-
zyme-linked immunosorbent assay (ELISA), fluorescence, and electro-
chemistry techniques had been applied to detect BPA also (Cao et al.,
2014; Najafi et al., 2014; Zhou et al., 2013). Although the ELISA
method has high selectivity, antigen and antibody used are relatively
expensive. The fluorescence and electrochemistry methods are of high
sensitivity, however, poor selectivity can be obtained (X. Guo et al.,
2016), which must be coupled with other methods to resolve this

problem. Electrochemiluminescence (ECL), combines the characters of
electrochemistry and luminescence, has the advantages of simple in-
strument and high sensitivity (Chen et al., 2011; Liu et al., 2011). Re-
cently, this technique had been used to detect BPA with high sensitiv-
ities. For example, Zhuang et al. established an ECL sensor for BPA
determination based on the inhibition of luminol-dissolved oxygen ECL
system through the addition of BPA (Zhuang et al., 2008). The
quenching effect of BPA on the ECL performance of peroxydisulfate
solution had been applied to develop ECL sensor for BPA detection also
(W. Guo et al., 2016). However, the selectivity of these two methods is
not high enough. Recently, our group combines the advantages of ECL
and high selectivity of molecular imprinted technique (MIP) to develop
a selective BPA sensor (Lin et al., 2016). Nevertheless, the previous
preparation for MIP seems to be tedious and low sample-load capacity
may be obtained (Li and Row, 2018). Aptamer possesses the advantages
of high binding affinity, cost-effectiveness, and superior specificity.
Some aptamer-based ECL sensors for BPA had been developed with
higher selectivity. For example, an aptamer-based ECL sensor using
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Mn2+-doped NaYF4:Yb/Er upconversion nanoparticles as ECL reagent
was successfully developed for BPA detection (X. Guo et al., 2016). Yet
the synthesis of the ECL reagent is difficult, and the labeling step of the
ECL reagent on the DNA is complex. Ru(phen)32+, as a relatively
common ECL reagent, can be embedded into the grooves of double
strand DNA (dsDNA) with high efficiency, which enabled the con-
struction of label-free ECL biosensors (Carter and Bard, 1990). In an
early study, we developed a signal-off ECL aptasensor for BPA using Ru
(phen)32+ as the signal indicator (Ye et al., 2017). However, the signal-
off model may reach possible false-positive results (Han et al., 2016).
Therefore, the signal-on strategy is more reliable for sensitive BPA de-
tection.

Electrically heated electrodes have gained increasing attention on
its quick, versatile and convenient means to adjust the temperature
desired (Gründler et al., 1993; Walter et al., 2016). The major character
of this technique lies in that the temperature of the electrode can be
heated up quickly while leaving the bulk solution at ambient tem-
perature, which promoted the performance of the sensor by affecting
thermodynamic and kinetic parameters of the reaction (Wu et al.,
2013). Early report indicated that the temperature changing adjusted
by an electrically heated electrode can be used to control the DNA in-
teractions with improved hybridization efficiency (Jacobsen and
Flechsig, 2013). Researchers also demonstrated that the electrode sur-
face temperature affected the ECL behavior of Ru(bpy)32+ greatly and
suitable electrode surface temperature (adjusted by electrically heated
cylindrical microelectrode) can be chosen to improve the performance
of the sensor (Lin et al., 2006). Our recent study further confirmed that
the electrically heated electrode can be used to control the suitable
temperature need for DNA hybridization and enzyme action (Zhang
et al., 2018). On the basis of these results, the superior property of
heated electrode for in situ temperature control and signal enhance-
ment can be decided.

Hybridization chain reaction (HCR) is a triggered self-assembly and
enzyme-free process (Dirks and Pierce, 2004). This technology enables
the cascade of hybridization events with high amplification capability
and long dsDNA can be formed eventually (Huang et al., 2011). The
produced dsDNA can be served as the carrier for the intercalation of Ru
(phen)32+ to obtain a strong ECL signal. In a traditional HCR, the
temperature needs to be controlled carefully for a better amplification
efficiency (Wang et al., 2015), which is normally realized through bulk
solution heating, the procedure is tedious and time-consuming. In this
study, a signal-on ECL aptasensor for BPA has been developed through
coupling the advantages of the electrically heated electrode and the
signal amplification strategy of HCR. The temperatures needed during
the process of aptamer-target interactions, DNA hybridization etc. have
been controlled accurately and easily by the electrically heated elec-
trode instead of the bulk solution heating. Ru(phen)32+ has been in-
tercalated into the grooves of dsDNA and acted as the ECL probe (Chen
et al., 2009), which overcome the troublesome modification of ECL
indicator on DNA in the conventional strategies. The ECL response of
the system has been further improved at elevated electrode surface
temperature. The proposed biosensor has also been applied to detect
BPA in drinks samples with satisfactory results.

2. Experimental section

2.1. Reagents

Dichlorotris (1,10-phenanthroline) ruthenium(II) hydrate (Ru
(phen)32+), Chloroauric acid tetrahydrate (HAuCl4·4H2O) and K3Fe
(CN)6 were brought from Sinopharm Chem. Re. Co., Ltd. (Shanghai,
China). BPA, Bisphenol S (BPS), Bisphenol F (BPF), progesterone (PRG)
and Hydroquinone (HQ) were acquired from Sigma-Aldrich (St. Louis,
MO, USA). Dimethyl Sulfoxide (DMSO), Tripropylamine (TPA), tris (2-

carboxyethyl) phosphine (TCEP) and 6-mercaptohexanol (MCH) were
purchased from Aladdin (Shanghai, China), SYBR Green I (10000×)
was purchased from Solarbio (Beijing, China). BPA (0.0091 g) was
dissolved in 2mL DMSO to make 20mM BPA stock solution. BPA
binding buffer: 20mM Tris-HCl, 100mM NaCl, 25mM KCl, 10mM
MgCl2, and 5% DMSO, pH 8.0.

The specific oligonucleotides used in this strategy were synthesized
by Sangon Inc. (Shanghai, China) and the sequences were shown as
follows: (5′-3′)

Capture DNA (CDNA): SH-TTT TTT TTT TCG TGA TGC GCT GGG
CCA TAC GCG GAA CGC TAT

BPA aptamer: CCG GTG GGT GGT CAG GTG GGA TAG CGT TCC
GCG TAT GGC CCA GCG CAT CAC GGG TTC GCA CCA

Hairpin 1 (HP1): GCT GGG CCA TAC GCG GAA CGC TAT ATA GCG
TG A TAG CGT TCC GCG TAT GGC CCA GCG CAT CAC G

Hairpin 2 (HP2): CAC GCT ATA TAG CGT TCC GCG TAT GGC CCA
GCC GTG ATG CGC TGG GCC ATA CGC GGA ACG CTA T

2.2. Instrument

The electrochemical and ECL measurements were carried out with
an electrochemical workstation (CHI 660D, CH Instruments, USA) and a
BPCL Ultra-Weak Luminescence Analyzer (Institute of Biophysics,
Chinese Academy of Science, Beijing, China), respectively. A function
generator (DF1636A, Zhongce Electronics Co., Ltd., Ningbo, China)
equipped with a transformer was used for electrically heating. An
electrically heated indium-tin-oxide (ITO) working electrode
(2 cm×2 cm slice with a T-shape ITO membrane of 4mm in width;
Xiangcheng Technology Co., Shenzhen, China), a platinum wire and an
Ag/AgCl electrode worked as the working electrode, counter electrode,
and reference electrode, respectively. The fluorescence measurements
were performed on a Hitachi F-7000 spectrofluorimeter (Hitachi,
Tokyo, Japan).

Construction of the heated ITO electrode was referred to the early
report (Chen et al., 2009), and the temperature was calibrated by open
circuit potentiometry (Chen et al., 2009; Zerihun and Gründler, 1996).
Briefly, two similar ITO electrodes were placed into two separate so-
lutions of 10mM [Fe(CN)6]3-/4- in 0.5M KCl and connected with a salt
bridge. By controlling in the change of temperature in the one solution,
open circuit potential of the reversible redox couple was varying. Thus,
the temperature coefficient of the electrode potential could be obtained.
Subsequently, the relationship between the electrode potential with the
applied heating voltages was investigated through the application of
various heating voltages in the one electrode. Based on the results
mentioned above, the relationship between the heating voltages and
the temperature of electrode surface could be deduced.

2.3. HCR amplification and ECL detection

Before the experiment, the bare ITO was subjected to cyclic vol-
tammetry (CV) measurement (from −0.4 to +0.6 V) in HAuCl4
(0.5mM) to form a gold film on the electrode surface. CDNA (1 μM) was
modified on the electrode surface through the Au-S covalent bond.
MCH was then utilized to block the unoccupied sites. Subsequently,
Tris-HCl buffer (50mM, pH=7.4) containing 1 μM BPA aptamer was
added to form dsDNA at the electrode surface temperature of 37 °C.
After that, the electrodes were immersed in different concentrations of
BPA (diluted by the binding buffer) and incubated for 80min in the
same condition. Next, HCR was carried out at 37 °C for 100min when
the electrode was soaked in the solution containing HP1 (2 μM), HP2
(2 μM) and Tris-HCl buffer (10mM, pH=7.4). Finally, the modified
electrode was immersed in Ru(phen)32+ (1mM) solution and incubated
for 3.5 h at room temperature. It is noteworthy that the electrode was
rinsed repeatedly after each step. ECL detection was performed in
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phosphate buffer (PBS, 10mM, pH 7.4) containing 20mM TPA and the
electrode was electrically heated to an appreciate temperature.

3. Results and discussion

3.1. Principle of the proposed ECL aptasensor for BPA

Scheme 1 showed the principle of the proposed ECL aptasensor for
BPA detection. The electrically heated ITO electrode not only acts as the
working electrode but also serves as the carrier and temperature

controller for aptamer-target binding and DNA interaction in this system.
Thiolated CDNA has been immobilized on the electrode surface via Au-S
covalent bonds firstly. Then BPA aptamer was partly hybridized with
CDNA at the electrode surface temperature of 37 °C. In the presence of
target (BPA in this study), the aptamer prefers to switch its configuration
to combine with BPA (Ding et al., 2015; Jo et al., 2011; Li et al., 2016).
Therefore, the CDNA become free again on the electrode surface. In this
stage, two hairpin probes (HP1 and HP2) were employed to react with
the free CDNA at the electrode temperature of 37 °C. Briefly, CDNA pairs
with the sticky end of H1 and opens it through strand-displacement in-
teraction. The newly exposed sticky end of H1 then opens H2 in a similar
way to form a sticky end identical in sequence to CDNA. Repeat the
above procedure, a long chain-like dsDNA can be produced through the
HCR reaction (Wang et al., 2015). Ru(phen)32+ can embed into the
grooves of dsDNA and act as the ECL indicator (Tang et al., 2010), so
relative large ECL intensity can be detected. However, in the absence of
BPA, the CDNA was restricted by aptamer and was not able to trigger the
process of HCR, only short dsDNA presented on the electrode surface
(formed between CDNA and aptamer). Therefore, little Ru(phen)32+ was
modified on the electrode, and low ECL response was detected. Based on
this, a signal-on ECL aptasensor for BPA can be developed. Since the
electrode surface temperature affected the ECL behavior of Ru(phen)32+

greatly (Chen et al., 2007; Lin et al., 2006), the performance of the
proposed sensor can be further improved by adjusting the electrode
surface temperature to appropriate level.

3.2. Feasibility analysis

Uncoiling of double helix due to the BPA binding is a critical point
to achieve highly sensitive and selective detection. A fluorescence
measurement was performed to demonstrate the disassembly of the
CDNA-aptamer structure when BPA was added. It is well known that
SYBR Green I can bind to the groove of dsDNA and exhibit fluorescence
enhancement (Lin et al., 2018). Consequently, uncoiling of DNA double
helix due to the BPA binding would reduce the fluorescence. As shown

Scheme 1. Illustration of the signal-on ECL aptasensor for in situ detection of
BPA based on HCR and electrically heated ITO electrode.

Fig. 1. (A). Fluorescence emission spectro-
scopy of the proposed method with and
without BPA: 100 nM CDNA+100 nM BPA
aptamer (curve a); 100 nM CDNA+100 nM
BPA aptamer +100 µM BPA (curve b); [SYBR
Green I] = 0.5×. (B) AGE results of the de-
signed system. Lane 1:1 µM HP1; lane 2: 1 µM
HP2; lane 3: mixture of HP1 and HP2 (final
concentration 1 µM); lane 4: CDNA with the
mixture of 1 µM HP1 and 1 µM HP2; lane 5:
lane 4+ BPA aptamer; lane 6: lane 5+ BPA.
(C) Nyquist diagrams of (a): Au modified ITO
electrode; (b): CDNA modified electrode; (c): b
+MCH; (d): c+ BPA aptamer; (e): d + BPA;
(f): after HCR. The frequency ranges from 100k
Hz to 0.01 Hz. (D) ECL response in the absence
of BPA at 25 °C (curve a) and 55 °C (curve b);
ECL response in the presence of 100 pM BPA at
25 °C (curve c) and 55 °C (curve d) with the
heated ITO electrode. TPA: 20mM in PBS (pH
7.4); scan rate 0.1 V/s.
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in Fig. 1A, a strong fluorescence signal was observed in the control
group (curve a) due to the hybridization of CDNA and BPA aptamer.
After the addition of BPA, the fluorescence intensity diminished (curve
b). This means the amount dsDNA in the solution decreased, which
verified our assumption.

The product of HCR served as the carrier of Ru(phen)32+ for signal
collection, therefore agarose gel electrophoresis (AGE) was applied to
verify the successful HCR firstly (Chang et al., 2016). As shown in
Fig. 1B, only low molecular weight bands were observed in lane 1
(HP1), lane 2 (HP2) and line 3 (the mixture of the two hairpins). Once
CDNA was introduced, smears of high molecular weight bands were
observed, indicating the production of long length dsDNA presented
(lane 4). However, a combination of BPA aptamer and CDNA firstly
would hinder the reaction of HCR, causing the invisibility of the smears
(lane 5). After the addition of BPA into the system, the aptamer pre-
ferred to form BPA-aptamer complex in lieu of aptamer-CDNA duplex,
so CDNA became free again and the long length of dsDNA formed (lane
6). These results indicate that the HCR process occurred in the presence
of BPA

Electrochemical impedance spectroscopy (EIS) has been applied to
demonstrate the reliability of the proposed mechanism also (carried out
by alternating current impedance measurements in KCl solution (0.5M)
containing [Fe(CN)6]3-/4- (10mM) at an amplitude of 5mV). The
semicircle domain at high frequencies in the Nyquist diagrams was
consistent with the electron transfer resistance (Zhang et al., 2008). As
shown in Fig. 1C, a very small semicircular domain was obtained from
the Au-modified ITO electrode (curve a), indicating that the electron
transported easily to the ITO electrode. After the immobilization of
CDNA, the semicircular domain became large due to the effect of
electrostatic repulsion between the negative charged CDNA and [Fe
(CN)6]3- /4- (curve b). The impedance further increased when the
electrode was blocked by MCH (curve c). The semicircular domain in-
creased significantly due to the hybridization of aptamer and CDNA
(curve d). However, the impedance decreased later after the incubation
with BPA (100 pM), probably because the aptamer was released from
the electrode surface (curve e). But after the HCR reaction, the semi-
circle domain of impedance enlarged greatly again (curve f), which
indicated that long chain-like dsDNA has been accumulated on the
surface of the ITO electrode.

ECL performance in the presence and absence of BPA were in-
vestigated too. As shown in Fig. 1D, in the absence of BPA, the ECL
signal was weak at the electrode surface temperature of 25 °C (curve a)
during the ECL detection. When the temperature increased to 55 °C, the
ECL intensity of the system changed little (curve b). However, a strong
ECL response could be detected in the presence of BPA (100 pM) at the
electrode surface temperature of 25 °C (curve c). And the ECL intensity
enhanced greatly when the temperature was adjusted to 55 °C (curve d),
which verified that better ECL performance can be achieved at the
elevated electrode temperature. These results demonstrate the feasi-
bility of the proposed biosensor.

3.3. Optimization of experimental conditions

A series of experimental conditions that affected the performance of
the proposed ECL system were optimized. The reaction time between
BPA and its specific aptamer affected the amount of single CDNA pre-
sented on the electrode surface greatly, thus this parameter was opti-
mized firstly. As illustrated in Fig. 2A, ECL signal increased with the
increasing reaction time between BPA and aptamer and reached a
plateau after 80min. Therefore 80min was chosen as the optimum
conditions. The self-assembly time of HCR affects the amount of dsDNA
produced, which in turn affects the amount of Ru(phen)32+ embedded.
The results indicated that the ECL signal increased gradually with the
increasing reaction time of HCR and little increasing had been detected
after 100min (Fig. 2B). Therefore, 100min had been chosen as the best
condition for the subsequent experiments. Similar to the trend in HCR

reaction time, the ECL intensity increased with the extension of inter-
action time between Ru(phen)32+ and dsDNA on the electrode surface,
and nearly no further enhancement had been observed after 3.5 h.
Therefore, 3.5 h of Ru(phen)32+ intercalation time was finally selected
as the optimum condition (Fig. 2C). The hairpin probe plays an im-
portant role in the amplification process, thus the concentration of H1
and H2 was optimized (the H1/H2 molar ratio was controlled to be
1:1). As shown in Fig. 2D, the ECL signal increased with the increasing
concentration of H1 and H2 and reached a plateau after 1 µM. There-
fore, 1 µM of H1 and H2 were used for the assay. Aptamer also has a
great influence on the background noise of the system, therefore, the
influence of aptamer concentration on the ECL signal was further in-
vestigated. As shown in Fig. 2E, the ECL signal decreased with the in-
creasing concentration of BPA aptamer and reached a plateau after
1 µM approximately. Therefore, 1 µM aptamer was chosen for the fol-
lowing assay.

Effect of the electrode surface temperature on the ECL behavior of
immobilized Ru(phen)32+ was studied too. As shown in Fig. 2F, the ECL
signal increased with the increasing electrode temperature from 25 °C
to 55 °C (red line), while little effect on the background signal was
observed (black line). The ECL signal at 55 °C was approximately 4
times than that at 25 °C, the reason lies in that a temperature gradient
layer near the electrode surface can be formed at high electrode surface
temperature, which will speed up the diffusion and convection of the
electrode active compounds to the electrode surface (Lin et al., 2010).
However, the ECL signal decreased and a major disturbance in the
background noise was observed when the temperature was over 55 °C,
which may attribute to the lower quantum efficiency of Ru(phen)32+ at
a higher temperature (Lin et al., 2009), and the destruction of the self-
assembled probe on the electrode surface (Flechsig et al., 2005). Hence,
55 °C was chosen for subsequent experiments.

3.4. Analytical performance of the proposed aptasensor

Fig. 3A showed the ECL response of the system with different con-
centrations of BPA under the optimized experimental conditions. The
ECL signal increased with the increasing concentration of BPA at the
electrode surface temperature of 55 °C. The ECL intensity (I) has a linear
relationship with logarithm (lg) of BPA concentration in the range of
2.0 pM-50 nM (curve a in Fig. 3B) with the following equation: I
=1446.8 lg(BPA) +4019.1 (R2 = 0.9944). If the electrode tempera-
ture changed to 25 °C, the linear range changed to 0.01–50 nM and the
equation was: I =336.1 lg(BPA) +981.8 (R2 = 0.9886). The limit of
detection (LOD, S/N=3) at 55 °C was calculated to be 1.5 pM, which
was approximately 6.5-fold lower than that at 25 °C (curve b in Fig. 3B)
due to the impact of signal enhancement of heated ITO electrode.
Moreover, compared to the previously reported aptamer-based sensors,
the proposed method enables the higher sensitivity and wider detection
range for BPA detection (Table S1).

The specificity of the developed aptasensor was evaluated. Four
different structural analogs, including PRG, HQ, BPS and BPF, had been
chosen as the potential interference. As shown in Fig. 4A, weak ECL
signals had been detected in the presence of high concentration of in-
terfering substances (100 nM) (nearly the same as the background
signal). But when the target existed (100 pM), a strong ECL signal had
been detected. In addition, the presence of the inorganic ions such as
Na+, K+, Ca2+, Cu2+ had a scarce influence on the detection of BPA
either (data not shown). These results demonstrated the proposed ap-
tasensor has good specificity towards BPA detection.

Reproducibility was evaluated through three parallel determina-
tions at different electrode temperatures (the concentration of BPA was
100 pM). The results demonstrated that the relative standard deviation
(RSD) were 5.3%, 4.1%, and 2.6% at the temperature of 25, 37 and
55 °C, respectively (shown in Fig. 4B), which indicated that better re-
producibility can be obtained at elevated electrode temperature. Fig. S1
shows the response for repetitive measurement of 100 pM BAP under
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Fig. 2. Effects of (A) the reaction time between BPA and its aptamer, (B) self-assembly time of HCR, (C) the intercalation time between Ru(phen)32+ and dsDNA, (D)
the concentration of H1/H2 (condition: [H1]:[H2] = 1:1), and (E) the concentration of BPA aptamer on the ECL performance of the system. (F) The effect of the
electrode surface temperature on the performance of the system. BPA:100 pM; TPA: 20mM in PBS (pH 7.4); scan rate 0.1 V/s (For interpretation of the references to
color in this figure, the reader is referred to the web version of this article.).

Fig. 3. (A) ECL signals with different con-
centrations of BPA (a-n: 0, 0.5 pM, 1 pM, 2 pM,
5 pM, 7.5 pM,10 pM, 50 pM, 100 pM, 1 nM,
5 nM, 10 nM, 25 nM, 50 nM) at the electrode
temperature of 55 °C. (B) The relationship be-
tween ECL intensity and the BPA concentration
at different electrode temperature (a) 55 °C; (b)
25 °C. TPA: 20mM in PBS (pH 7.4); scan rate
0.1 V/s.

Fig. 4. (A) Specificity investigation for target BPA against other structural analogs of PRG, HQ, BPS, and BPF. (B) ECL reproducibility of the developed aptasensor at
different electrode temperatures. TPA: 20mM in PBS (pH 7.4); scan rate: 0.1 V/s.
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continuous potential scaning. The ECL response tended to level off with
an RSD of 3.1%, which also indicated that the proposed method has
good stability.

3.5. Application of proposed ECL aptasensor

The proposed aptasensor has been applied to detect BPA in drinks
(milk, orange juice, and coconut juice) samples later. The samples were
treated according to the early reported literature firstly (Zhou et al.,
2014). Moreover, standard addition recoveries had been studied to
further verify the accuracy of the proposed method. As shown in
Table 1, none detectable BPA was presented in these samples. The
standard addition recoveries were in the range of 98.4–105% in milk,
96.0–101.2% in orange juice, and 97.3–103% in coconut juice, re-
spectively. The outcomes are in good accordance with that detected by
LC-MS analysis (Inoue et al., 2003). These results demonstrated that the
proposed aptasensor can be used to detect BPA in real samples with
satisfying results.

4. Conclusion

In summary, a signal-on ECL aptasensor that combines the ad-
vantages of in situ temperature control by the electrically heated
electrode and the high amplification efficiency of HCR has been suc-
cessfully developed for BPA detection. The obtained results indicated
that the electrode heating has the same effect as that of the bulk solu-
tion heating. Moreover, possible false-positive results caused by the
signal-off model can be eliminated. Better performance of the ECL ap-
tasensor can be further acquired with the electrically heated electrode,
the LOD at 55 °C is approximately 6.5-fold lower than that at 25 °C. The
proposed aptasensor has been applied to detect BPA in drink samples
with satisfactory results. This work is simple, low-cost, label-free and
high sensitive, which will enable the effective point of in-situ detection
of different targets with sensitive measurements. Moreover, by chan-
ging the aptamer used, the proposed method can be expanded to detect
other targets easily.
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Table 1
Detection of BPA in drinks samples by the proposed sensor in comparison to LC-MS.

Samples Detected (nM) Spiked (nM) Detected after addition (nM) Detectedby LC-MS (nM) Recovery rates (%) RSD (%)

Milk 1 – 1 1.05 1.02 105 5.2
2 – 5.0 4.92 4.96 98.4 3.8
3 – 10.0 9.91 9.88 99.1 4.4

Orange Juice 1 – 1 0.96 0.99 96.0 4.7
2 – 5.0 5.06 5.02 101.2 5.3
3 – 10.0 9.88 10.04 98.8 6.1

Coconut Juice 1 – 1 1.03 0.97 103 5.2
2 – 5.0 5.04 5.06 100.8 3.9
3 – 10.0 9.73 9.85 97.3 5.7

“–” means no BPA was detected.
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