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Abstract
A label-free impedimetric aptasensor for bisphenol A (BPA) was developed based on a novel method. Initially, gold nanoparticle-
based nanoplatforms were prepared using a 4-mercaptophenyl (4MP) electrochemical nanofilm. Then, the BPA-selective aptamer 
(antiBPA) was immobilized on this platform for the sensitive and selective detection of BPA. The characterizations of the electrode 
preparation steps were performed using a transmission electron microscope, X-ray photoelectron spectroscopy, electrochemical 
methods, and atomic force microscopy. The aptamer immobilization concentration, immobilization time, and incubation time of 
BPA were optimized to get the best sensor response. The calibration curve exhibited good linearity between 10 fM and 10 nM 
with a correlation coefficient of 0.9963 and a limit of detection and limit of quantification values of 8.6 and 25.8 fM (S/N = 3), 
respectively. The developed aptasensor showed good reproducibility (RSD 2.55%), high sensitivity, specificity, and stability. The 
developed sensor was validated using real samples of tap water, lake water, and wastewater demonstrating promising performance.
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1  Introduction

Environmental pollution has become one of the key prob-
lems for human health because of fast population growth 
and subsequent industrialization. Monitoring these pollut-
ants in the appropriate environment is critical for pollution 
control. Methods for monitoring these pollutants can provide 
reliable and highly sensitive environmental sample analysis. 
However, they require expensive analytical equipment and 
experienced technicians, making them unsuitable for an on-
site and quick examination. Therefore, developing a simple 
and effective analytical approach for detecting environmen-
tal contaminants is desirable [1].

Endocrine-disrupting chemicals (EDCs), heavy metals, 
phenols, poly-hydroxy biphenyls, dyes, pesticides, and phar-
maceuticals can be listed as some examples of such con-
taminants [2, 3]. In recent years, there is a growing concern 
about EDCs that can affect the endocrine system and the 
metabolism of steroid hormones [4]. An increasing number 
of studies have reported the adverse effects of 800 differ-
ent EDCs on human and wildlife health [5]. EDC exposure 
can cause obesity, diabetes, and cardiovascular diseases 
and increases the risk of cancer and neurotoxicity [6]. As a 
consequence, EDCs are defined by the US Environmental 
Protection Agency as exogenous and anthropogenic agents 
that have adverse effects on the environment and the human 
body [7].

Bisphenol A (BPA, 2,2-bis(4-hydroxyphenyl)propane) is 
one the hazardous EDCs that pose a threat to human health 
and wildlife even at low doses [1]. It is a non-biodegradable 
biological antioxidant and is widely utilized in polymeric 
materials as a plasticizer agent in the production of poly-
acrylates, polycarbonate plastics, polyester, pesticides, epoxy 
resins, and so on [8, 9]. BPA is commonly found in food and 
beverage containers, dental amalgams, water bottles, flame 
retardants, medical gadgets, children's toys, food packag-
ing, and as well as many other plastic products in medi-
cal devices, automobiles, construction materials, electrical/
electronic equipment, and small electronic devices [10]. Its 
presence in such commonly used materials increases the 
potential contamination risk of BPA [11]. Accordingly, BPA 
has become a common pollutant and has been reported in 
wastewater, river water, sediments, and raw sewage effluents 
at concentrations ranging from nM to μM [12, 13, 14, 15].

As with other EDCs, BPA's effects on the endocrine 
system, particularly reproductive abnormalities, occur as a 
result of BPA's binding to estrogen receptors [16]. It has 
been reported that BPA causes a decrease in sperm quality 
in humans [17, 18], and causes adverse effects such as repro-
ductive disorders, neural disorders, chronic diseases, and the 
formation of various types of cancer in vitro animal models, 

even at low concentrations of BPA intake [19, 20]. In addi-
tion, these potentially dangerous effects of BPA on humans 
have been confirmed by relevant studies [21, 22]. After 
introducing strict regulations on the production and use of 
BPA, different derivatives have been produced and used as 
an alternative to BPA [23, 24, 25]. Rapid and sensitive detec-
tion methods were needed for the detection and monitoring 
of BPA and similar derivatives, whose maximum permis-
sible levels were determined by taking them as pollutants 
for the many reasons mentioned previously. So far, numer-
ous analysis techniques have been used for environmental 
monitoring, including spectroscopic, chromatographic, and 
electrochemical technologies [26]. These methods include 
but are not limited to, surface-enhanced Raman spectros-
copy (SERS) [9], colorimetric methods [27], fluorescence 
spectroscopy [28], and HPLC [29]. Although many of these 
methods are highly sensitive and accurate when operated by 
professionals, they are expensive, time-consuming, cumber-
some, and/or require sample pretreatment. In addition, the 
detection and monitoring of low molecular weight pollutants 
in water resources in situ and real-time is also limited due 
to the method applied where the analyzes are complicated.

Electrochemical techniques, on the other hand, have been 
very attractive in recent years since they are cheap, reliable, 
sensitive, and practical methods. Impedimetric electrochem-
ical sensors are especially of great interest using different 
recognition elements such as antibodies and imprinted poly-
mers [30, 31]. Recently, a review of the detection of BPA has 
been reported focusing on aptamer-based sensor platforms 
including electrochemical sensors [26]. Table S1 shows sev-
eral reported electrochemical methods for BPA detection and 
their analytical performance parameter comparisons. In this 
study, a single-stranded (ss) DNA aptamer, as a BPA recog-
nition element, which has inherent advantages compared to 
antibodies, was used. Aptamers can be used in many sensor 
platforms to detect environmental pollutants, food toxicants, 
and disease-related metabolites at the molecular level [32]. 
They are often selected from a random pool of ∼ 1015 mole-
cules until they have sufficiently high affinity, typically rang-
ing from micro-molar (μM) to nano-molar (nM) or higher 
[33, 34, 35]. This high affinity enables aptamers to recognize 
their targets with high selectivity [36].

Herein, a bare glassy carbon (GC) electrode was modified 
with 4-mercaptophenyl nanofilm using an electrochemical 
reduction method of the diazonium salt. Then, Au nanopar-
ticles (AuNPs) were attached to the thiol-terminated sur-
face. The nanoparticle immobilized surface was modified 
with the BPA-specific aptamer (AntiBPA) as self-assembled 
monolayers. The BPA probe and its components were char-
acterized by different techniques such as transmission elec-
tron microscope (TEM), X-ray photoelectron spectroscopy 
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(XPS), electrochemical methods, and atomic force micros-
copy (AFM). Optimization parameters of the probe were 
investigated as the AntiBPA concentration to be bound to 
the surface and the incubation time of the BPA. Then, the 
electrochemical impedance spectroscopy (EIS) technique 
was used to obtain the calibration curve for sensitive and 
selective BPA detection. The effect of the species likely to 
interfere with the BPA on the sensor response was investi-
gated. The developed method was applied to detect BPA in 
lake water, tap water, and wastewater real samples.

2 � Experimental

The chemicals used in the study were of HPLC purity and 
were obtained from the local representatives of chemi-
cal suppliers such as Merck, Riedel, and Sigma-Aldrich. 
Aptamers were obtained from the local representative of 
Molbiol (Germany), and each batch used was supplied as a 
lyophilized sample synthesized and purified at a 200 nmol 
scale. AntiBPA reported in the literature was used as SH-
C6H12 modified from the 5'-terminus for the study [37]. The 
sequences of the antiBPA and control aptamers used in this 
study are as follows (from 5′ to 3′); CCG GTG GGT GGT 
CAG GTG GGA TAG CGT TCC GCG TAT GGC CCA 
GCG CAT CAC GGG TTC GCA CCA, and CCG TCT TCC 
AGA CAA GAG TGC AGG G.

The pure water used is ultra-pure quality (UPW) water 
with a resistance of 18.3 MΩ cm (Human Power 1 + Scholar 
purification system). All Electrochemical measurements 

were performed at room temperature (25 ± 1 °C) using a 
PCI4/300 potentiostat/galvanostat (Gamry Instruments, PA, 
USA) with a BASi (USA) C3 Cell Stand. A three-electrode 
electrochemical cell was used for all electrochemical experi-
ments. Reference and counter electrodes were used as an Ag/
AgClsat and platinum wire. A modified platform was pre-
pared on a GC surface (BASi MF-2012, with a geometric 
area of 0.071 cm2). Before the electrochemical experiments, 
the solutions were completely deoxygenated by purging with 
purified argon (99.99%) for 10 min. Aptamer solutions were 
prepared in phosphate buffer saline (PBS, 0.01 M Na+, pH 
7.4). Cyclic voltammetry (CV) experiments were performed 
at a scan rate of 200 mV/s with a step potential of 2 mV. 
Impedimetric measurements (EIS) were recorded between 
0.01 Hz and 100 kHz at a sinusoidal voltage perturbation 
of 5 mV amplitude with a DC potential of 0.4 V. EIS data 
were fitted using equivalent circuit tools provided in Echem 
Analyst™ Software (Gamry Instruments, USA).

2.1 � Electrode modification protocol with aptamer

The GC electrodes were polished with 1000 nm, 300 nm, 
and 50 nm aluminum oxide slurry on micro cloth pads (Bue-
hler, USA). All GC electrodes were sonicated in the water 
twice and then in a 1:1 (v/v) isopropyl alcohol and acetoni-
trile (1:1, v/v) mixture for 10 min each [38]. Electrochemi-
cal diazonium salt modification was performed according to 
the literature [39]. 100 mg of 4-aminothiophenol was dis-
solved with 15 mL, 0.5 M HCl in a voltammetric cell in ice 
bathing. Ice-cold aqueous 200 mg of NaNO2 solution was 

Fig. 1   Schematic representa-
tion of the preparation of the 
GC-4MP-Au-antiBPA electrode
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added into the acidic solution drop by drop and stirred for 
45 min keeping at 0 °C during the reaction. GC electrodes 
were then dipped into the 4-mercaptobenzene diazonium salt 
(4 MB-DAS) solution and diazonium salt modification was 
performed by CV. The modified surface was denoted as GC-
4MP (4-mercaptophenyl modified glassy carbon).

AuNPs were prepared with the colloidal method, 
described elsewhere [40]. In brief, 20 mL 1.0 mM HAuCl4 
was added into a 100 mL volumetric flask on a stirring hot 
plate. During vigorous stirring, 2 mL of Na3C6H5O7⋅2H2O 
(1%) was slowly added to the gold precursor solution at boil-
ing temperature. The mixture was well mixed at the same 
temperature until the color of the solution changed to Bor-
deaux color, and then it was suddenly cooled. The mean 
diameters of the AuNPs are maximum of 35 nm and the 
AuNPs were stabilized with ethanol [41].

A schematic representation of the GC-4MP-Au-BPa elec-
trode modification steps is given in Fig. 1. Briefly, AuNPs 
were attached on thiol-terminated GC-4MP surface for 
2 h via self-assembly route, and this surface was denoted 
as GC-4MP-Au. Then, 10 µL of 2 µM antiBPA solution 
in PBS was dropped on the GC-4MP-Au surface for 2 h. 
The aptamer-modified surface (GC-4MP-Au-antiBPA) was 
washed with PBS followed by 1 mM 6-mercapto-1-hexanol 
(MCH) solution in PBS to block the unoccupied Au surface 

to minimize non-specific interactions. The antiBPA-modi-
fied electrodes were kept at 4 °C before use.

2.2 � Characterization of the modified surface

GC-4MP-Au-antiBPA surface and its components were 
characterized using various methods including electrochemi-
cal methods CV and EIS, AFM (Park Systems, NX10, S. 
Korea), and XPS. The XPS measurement was carried out 
with a PHI 5000, Versa Probe—Φ ULVAC-PHI. Inc., Japan/
USA) X-ray photoelectron spectrometer. AuNPs were char-
acterized with a TEM (JEOL Ltd., Tokyo, Japan).

2.3 � BPA measurements

Parameters such as the concentration of antiBPA and its 
incubation time were optimized before BPA measure-
ments. The electroanalytical performance of the aptamer 
in the detection of BPA was evaluated using a solution of 
10 nM–10 fM BPA in PBS. The limit of detection (LOD) 
and limit of quantification (LOQ) was calculated using 
the response of three times the standard deviation of zero-
pose response (3σ) which was measured based on the 
standard deviation of the blank samples on the aptasensor 

Fig. 2   a Modification voltam-
mogram of 4-MB-DAS on a GC 
electrode in MeCN (0.5 HCl) 
vs. Ag/AgClsat, at a scan rate of 
200 mV/s, b CVs and c Nyquist 
plots of 2 mM K4Fe(CN)6/
K3Fe(CN)6 in 0.1 M KCl using 
GC, GC-4MP, GC-4MP-Au, 
and GC-4MP-Au-anti BPA 
electrodes, and d the fitted EIS 
data of GC electrode and the 
equivalent circuit (inset)
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and LOQ is calculated using three times the LOD value. 
Selectivity studies were performed with possible interfer-
ing substances including bisphenol (BP), diethyl phtha-
late (DEP), resorcin (RES), and dibutyl phthalate (DBP). 
For the validation of the developed analytical strategy, 
precision and accuracy tests were also performed using 
two different BPA concentrations. The results were evalu-
ated using inter-day and intra-day experiments. Finally, 
real samples from tap water, lake water, and wastewater 
were tested using the developed method. The lake water 
was obtained from two different artificial lakes on the 
Kütahya Dumlupınar University campus.

3 � Results and discussions

3.1 � Modification and characterization

Figure 2a shows the CVs obtained from the electrochemi-
cal reduction of 4 MB-DAS. The multicycle modification 
voltammogram of the electrochemical modification is very 
characteristic of the reduction of the 4 MB-DAS [42]. After 
the first cycle, the 4-mercaptophenyl (4MP) terminated 
groups were covalently attached to the carbon surface, while 
the peak current decreased drastically in subsequent cycles.

The typical behavior of the diazonium salt shows that an 
irreversible reduction took place resulting in the formation 
of a 4-MP radical covalently attached to the GC surface. 
Although the electrode modification took place at the first 
cycle, extra cycles were applied to coat surface pinholes with 
the 4MP. All modified surfaces (GC, GC-4MP, GC-4MP-
Au, GC-4MP-Au-antiBPA) were characterized by CV and 
EIS techniques using a redox couple (2 mM K4Fe(CN)6/
K3Fe(CN)6 in 0.1 M KCl). The CV and EIS characterization 
results are given in Fig. 2b and c, respectively.

In Fig. 2b, the anodic peak current of the redox couple 
on GC, GC-4MP, GC-4MP-Au, GC-4MP-Au-antiBPA were 
ca. 147 µA, 123 µA, 166 µA, and 122 µA, respectively. The 
GC electrode anodic peak decreased and the cathodic peak 
didn’t differ upon diazonium salt modification as expected 
due to the multilayer formation of the 4-MP on the surface 
of the electrode hindering the electron transfer. It might be 
because the 4-MP thickness is greater than 5 nm which is not 
short enough for the quantum mechanical tunneling effect 
[43]. On the other hand, a significant increase in anodic and 
cathodic peaks was observed resulting in enhanced chemi-
cal and electrochemical reversibility after AuNP modifi-
cation. This is due to the highly conductive nature of the 
AuNPs on the surface causing a more efficient electron 
transfer between the electrode and the redox probe [44, 45]. 
While electron transfer of the redox probe was very fast in 
GC-4MP-Au, a dramatic decrease occurred at the aptamer-
bound surface. The surface coverage with the aptamer also 

caused electrochemical irreversibility as the peak separa-
tion increased by ca. 35 mV. Impedimetric measurement 
results in Fig. 2c were found to be very compatible with CV 
results. The charge transfer resistance of the redox couple 
on the aptamer terminated surface (GC-4MP-Au-antiBPA) 
has increased considerably. This is due to the increased sur-
face coverage of the non-conductive ssDNA molecule, the 
antiBPA, adding extra resistance for the redox probe, hence 
higher impedance. This behavior of ssDNA probes is widely 
studied and similar results were shown in the literature for 
impedimetric aptasensors [46]. Figure 2d shows the fitted 
EIS data of the GC electrode and the equivalent circuit that 
was used in all impedimetric measurement analysis.

The TEM image of the synthesized AuNPs is given in 
Fig. 3a demonstrating that AuNPs have a maximum diam-
eter of ca. 35 nm. GC-4MP-Au surface was also charac-
terized by XPS and high-resolution narrow spectra of Au4f 
and S2p are given in Fig. 3b and c, respectively. The Au4f 
doublet peaks located at 89.1 eV and 85.4 eV in the Au4f 
narrow region are attributed to immobilized AuNPs via 
self-assembly modification. The S2p region corresponding 
to the spin–orbit coupling has also been characterized. The 
binding energy of S2p1/2 and S2p3/2 doublet peaks was calcu-
lated as 167.9 eV and 163.3 eV, respectively. These peaks 
correspond to the binding of sulfur to the surface, which is 
evidence of bonding between the thiol end-group of aptam-
ers and the Au electrode surface. The AFM images of GC 
and GC-4MP-Au-antiBPA surfaces are also shown in Fig. 3d 
and e, respectively. The root-mean-square (RMS) roughness 
values of the bare GC and GC-4MP-Au-antiBPA were cal-
culated as 1.79 nm and 31.7 nm, respectively. Considering 
AuNP included aptamer on the GC surface and bare GC, the 
calculated values are consistent with the surface morphology 
indicating a more rough surface for an antiBPA-modified 
electrode.

3.2 � Optimization and calibration

Before the BPA analysis with the GC-4MP-Au-antiBPA 
electrode, two different parameters were first optimized. 
The optimum concentration of aptamer (AntiBPA) to be 
immobilized on the GC-4MP-Au electrode surface was 
first determined. The sensor response of 10 nM BPA in 
PBS was recorded after immobilizing antiBPA at differ-
ent concentrations (0.5, 1, 1.5, 2, 2.5, and 3 µM antiBPA 
in 0.01 M PBS) on the GC-4MP-Au electrode surfaces 
for 2 h. Nyquist plots of 2 mM K4Fe(CN)6/K3Fe(CN)6 in 
0.1 M KCl were obtained for the prepared electrode sur-
faces and the sensor working principle is shown in Fig. 4a. 
In the absence of the antiBPA, a faster and more efficient 
electron transfer can be obtained due to a less blocked sur-
face, however, upon incubation with antiBPA, slower elec-
tron kinetics and higher charge transfer resistance can be 
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observed due to surface blockage. Since the charge transfer 
resistance didn’t change after two consecutive antiBPA 
concentrations, the optimum concentration at which the 
resistance of the redox probe is maximum was determined 
as 2 µM (Fig. 4b).

The second optimization parameter was the aptamer 
(antiBPA) immobilization time on GC-4MP-Au electrode. 
Immobilization durations using 2 µM antiBPA were selected 
as 0.5, 1, 1.5, 2, 2.5, and 3 h to ensure an optimum degree of 
immobilization on the surface has been achieved. Figure 4c 
shows the Nyquist plots for the selected immobilization 
times and the optimum value was selected as 2 h since the 
response didn’t change for the latter durations. Finally, the 

incubation time of the BPA solution was optimized on the 
surface of the GC-4MP-Au-antiBPA which is prepared using 
a 2 µM antiBPA during the immobilization. The Nyquist 
plots were obtained using 2 mM K4Fe(CN)6/K3Fe(CN)6 in 
0.1 M KCl on GC-4MP-Au-antiBPA electrodes after the 
incubation of 10 nM BPA for different incubation times (0.5, 
1, 2, 3 h) are given in Fig. 4d. The optimum incubation time 
to obtain the maximum signal of the 10 nM BPA solution 
was 2 h after obtaining a stable resistance value indicating a 
saturated surface response.

The calibration curve was obtained for BPA at different 
concentrations using the GC-4MP-Au-antiBPA electrode 
surfaces prepared according to the optimum conditions. 

Fig. 3   a TEM image of the AuNPs, high-resolution X-ray photoelectron spectra of b Au4f and c S2p of GC-4MP-Au, AFM images of d bare GC 
electrode, and e GC-4MP-Au-antiBPA electrode
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Figure 5a shows Nyquist plots of the redox probe on the 
surface of GC-4MP-Au-antiBPA incubated with different 
concentrations (10 fM to 10 nM) of BPA. The calibration 
curve plotted using BPA concentration changes versus 
charge transfer resistances of the redox couple with differ-
ent BPA concentrations is given in Fig. 5b.

The relative impedance shift (%) is calculated using 
(Rct − Rct0)/Rct0, where Rct0 is the initial impedance with-
out BPA and Rct is the impedance of the after incubation 
with different concentrations of BPA. Furthermore, the 
sensor also has good reproducibility with a maximum rel-
ative standard deviation of 2.55% for 5 individual sensor 
responses. Table 1 summarizes the calculated electroana-
lytical performance parameters of the developed sensor.

3.3 � Precision and accuracy

The precision and accuracy tests of the developed sensor 
were done both using intra-day tests for seven consecutive 

days and inter-day precision tests for 5 independent samples 
using 1 pM and 10.0 nM BPA solution. Table S2 shows 
inter- and intra-day test results. The accuracy as relative 
error (RE) % of methods for inter-day and intra-day meas-
urements was between − 4.0% and + 4.0%. Furthermore, the 
method's precision for inter-day and intra-day measurements 
was between 1.36 and 3.85%. Both results reveal quite good 
analytical performance in terms of the precision and accu-
racy of the method.

3.4 � Selectivity and real sample analysis

The selectivity of the sensor in the presence of 1.0 nM BP, 
DEP, RES, and DBP solutions in PBS likely to interfere 
with 1.0 pM BPA was investigated. The selectivity results 
are given in Fig. 5c as a bar graph of relative impedance 
responses of BPA-aptasensor incubated with these species. 
The results show that the signal deviation of BPA does not 
change greater than 4.5%. The results show also that this 

Fig. 4   a Schematic representa-
tion of the sensor detection 
strategy, Nyquist plots of 2 mM 
K4Fe(CN)6/K3Fe(CN)6 in 0.1 M 
KCl immobilized at differ-
ent b antiBPA concentrations 
on GC-4MP-Au electrode, c 
antiBPA immobilization time 
on GC-4MP-Au electrode, 
and d 10 nM BPA incubation 
times on GC-4MP-Au-antiBPA 
electrodes
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signal deviation was not remarkable for 1 pM BPA with the 
1000-fold concentrated interferents.

The developed sensor was also employed to detect spiked 
BPA amounts in various real samples consisting of lake 
water, tap water, and wastewater. The recovery (n = 6) val-
ues were determined using the spike method, and gener-
ally satisfactory results were obtained in terms of practical 

applications. Recoveries of BPA with varying concentrations 
added in lake water, tap water, and wastewater are given in 
Table 2.

Fig. 5   a Nyquist plots obtained 
using 2 mM K4Fe(CN)6/
K3Fe(CN)6 in 0.1 M KCl on 
the surface of GC-4MP-Au-
antiBPA incubated with differ-
ent concentrations (10 fM to 
10 nM) of BPA, b the calibra-
tion curve of BPA detection, 
and c relative response change 
using BP, DEP, RES, and DBP

Table 1   Electroanalytical performance results of the developed 
method

Analytical parameters Results

Linear concentration range, M 1 × 10–14-1 × 10–8

Linear equation RIS = 11.1419 
log[BPA] + 168.04

Standard error of the slope, ±  0.27
Standard error of the intercept, ±  3.0
R2 0.9963
LOD, fM (S/N = 3) 8.6
LOQ, fM 25.8

Table 2   Recoveries of BPA with varying concentrations added in 
lake water, tap water, and, wastewater

ND not detected

Samples Added BPA, 
pM

Detected, pM Recovery, %

Lake water 1 – ND –
10 9.78 97.8
50 52.3 104.6

Lake water 2 – ND –
10 10.38 103.8
50 53.1 106.2

Tap water – ND –
10 9.96 99.6
50 48.7 97.4

Wastewater – 18.6 –
10 27.3 95.4
50 63.2 92.1
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4 � Conclusion

This study aims to develop a novel sensitive electrochem-
ical BPA sensor using an aptamer-based GC-4MP-Au-
antiBPA electrode. The electrode surface and electrode 
modification steps were characterized with electroanalyti-
cal (CV and EIS), spectroscopic (XPS), and microscopic 
(TEM and AFMs) techniques. Optimization of the con-
centration of aptamer loading for surface immobilization 
and incubation time of the analyte were performed for 
the best sensor response. The calibration of the sensor 
has been obtained at the concentration range between 10 
fM to 10 nM with LOD and LOQ values of 8.6 and 25.8 
fM, respectively. The developed sensor platform showed 
satisfactory analytical performance compared to similar 
electrochemical sensor platforms for BPA detection. The 
selectivity against selected species (BP, DEP, RES, and 
DBP solutions), precision (between 1.36% and 3.85%), 
and accuracy (between − 4.0% and + 4.0%) of this pro-
posed sensor platform are quite remarkable. Real sample 
tests also demonstrated the successful practical applica-
tion potential of the developed sensor platform for BPA 
detection in water samples. Hence, this study could pave 
the way forward for the easy, low-cost, and sensitive 
detection of BPA in real samples.
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