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A simple and label-free electrochemical aptasensor for bisphenol A (BPA) determination was developed
based on gold nanoparticles dotted graphene (GNPs/GR) nanocomposite film modified glassy carbon
electrode (GCE). The electrochemical probe of ferricyanide was used to investigate the interactions
between aptamer and BPA. The resulting GNPs/GR layer exhibited good current response for BPA detec-
tion. The highly conductive and biocompatible nanostructure of GNPs/GR nanocomposite was character-
ised by atomic force microscope (AFM), scanning electron microscopy (SEM) and cyclic voltammetry
(CV). The peak current change (AlI) of ferricyanide was linear with the concentration of BPA in the range
from 0.01 UM to 10 uM with the detection limit of 5 nM. The proposed aptasensor is rapid, convenient
and low-cost for effective sensing of BPA. Particularly, the aptasensor was applied successfully to deter-
mine BPA in milk products, and the average recovery was 105%.

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Bisphenol A (BPA) is one of the endocrine disrupting com-
pounds, which could mimic the action of hormone oestrogen and
disturb the oestrogen-oestrogen receptor binding process of
human and wildlife, increase cancer rate, decrease semen quality
and reduce immune function (Hiroi et al., 1999 and Safe, 2000).
However, BPA is an organic compound that widely used in the
plastic industry as a monomer for producing epoxy resins and
polycarbonate (Palanza, Gioiosa, vom Saal, & Parmigiani, 2008).
The plastic products are extensively employed for nursing bottles,
food can linings, beverage containers, from which BPA can
permeate into food and environment, and thus humans may
routinely ingest trace amounts of BPA (Le, Carlson, Chua, &
Belcher, 2008 and Sato, Kondo, Tsujita, & Kawai, 2005). To protect
water quality and human health, Chinese Health Standard (GB
13116-91, GB 14942-94) proposed that the BPA content of both
carbonate resins and its derivatives should not be greater than
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0.05 mg kg~!. Therefore, there is a great need to develop sensitive
and reliable analytical method for the determination of BPA.

To date, many analytical technologies have been developed for
BPA detection, such as high performance liquid chromatography
(HPLC) (Inoue, Kato, Yoshimura, Makino, & Nzkazawa, 2000 and
Watabe et al., 2004), liquid chromatography (LC) (Zafra-Gémez,
Ballesteros, Navaléon, & Vilchez, 2008), gas chromatography
coupled with mass spectrometry (GC/MS) (Chanbasha & Lee,
2004) and immunoassay methods (Zhao, Li, Guo, Zhang, & Chang,
2002 and Moreno, D’Arienzo, Manclus, & Montoya, 2011). These
instrument-based techniques have high sensitivity and low detec-
tion limit, but they are expensive, have strict sample preparation
requirements and require trained operators. Immunoassay-based
methods have also attracted considerable attention for BPA
detection due to the high sensitivity and comparable low costs.
However, they are strongly dependent on the quality of the
prepared antibody, while there have been some reports about non-
specific binding to the high structural similarity of BP derivatives,
such as bisphenol B (BPB) and 4,4-bis-(4-hydroxyphenyl) valeric
acid (Ohkuma et al., 2002 and Marchesini, Meulenberg, Haasnoot,
& Irth, 2005). Furthermore, direct electrochemical methods have
been applied to detect BPA for a long time (Wang, Yang, & Wu,
2009 and Yin et al., 2011). However, the fouling of electrode


http://crossmark.crossref.org/dialog/?doi=10.1016/j.foodchem.2014.04.058&domain=pdf
http://dx.doi.org/10.1016/j.foodchem.2014.04.058
mailto:jpwang@zju.edu.cn
http://dx.doi.org/10.1016/j.foodchem.2014.04.058
http://www.sciencedirect.com/science/journal/03088146
http://www.elsevier.com/locate/foodchem

L. Zhou et al./Food Chemistry 162 (2014) 34-40 35

surface by BPA oxidation product can result in poor performance at
the conventional electrodes.

Aptamers are artificial, short, single-stranded DNA/RNA oligo-
nucleotides that are selected in vitro by systematic evolution of
ligands by exponential enrichment (SELEX) (Ellington & Szostak,
1990 and Tuerk & Gold, 1990). Aptamers can successively compete
with antibodies as biorecognition elements for biosensors due to
their specific properties. They can be selected to bind a wide range
of targets, including small molecules, proteins or even whole cells
with high specificity and affinity (Bang, Cho, & Kim, 2005; Huang,
Huang, Cao, Tan, & Chang, 2005; Stojanovic & Landry, 2002 and
Wilson & Szostak, 1999). They are thermally stable, reusable and
can be easily modified for their detection and immobilisation by
introducing of functional groups. Therefore, aptamer-based sen-
sors have been broadly used in detection of cancer cells, organic
molecules, and a variety of proteins. Among them, electrochemical
aptamer-based sensors are widely employed due to their excellent
sensitivity, rapid response, simplicity and low cost.

In order to enhance the sensitivity of the electrochemical apta-
sensors, a variety of materials have been employed to modify elec-
trode. Graphene (GR) is a two-dimensional sheet of carbon atoms
bonded through sp? hybridisation. GR has attracted intensive inter-
ests in recent years since its discovery by Geim and coworkers,
owing to its large specific area, high thermal and electrical conduc-
tivities, great mechanical strength, and potential low manufactur-
ing cost (Al-Mashat et al, 2010 and Hong et al, 2010).
Furthermore, gold nanoparticles dotted graphene (GNPs/GR) as
enhanced sensing material for fabricating electrochemical sensors
have received increased attention, because this kind of nanomate-
rial film may generate synergy on electrochemical properties and
thus enhance the sensitivity of the sensors (Li, Xia, Li, Sun, & Liu,
2013).

In this work, we proposed a simple and sensitive electrochem-
ical aptasensor for BPA determination based on good current
response resulting from GNPs/GR nanocomposites. The anti-BPA
aptamer was immobilised on a glassy carbon electrode through
the formation of thiol-gold (S-Au) bonds between the gold nano-
particles and thiol termini on aptamers. The interaction between
anti-BPA aptamer and target was investigated by the electrochem-
ical probe of ferricyanide and monitored by cyclic voltammetry
(CV) and differential pulse voltammetry (DPV). The SEM and elec-
trochemical characterisation of the GNPs/GR and the performance
of the resulted aptasensor were discussed as follows. Finally, the
proposed aptasensor was applied to determine BPA in milk
samples.

2. Experimental
2.1. Chemicals and reagents

The synthetic anti-BPA aptamer (sequence designed by Jo et al.
(2011): 5'-SH-(CH,)s-CCG GTG G GT GGT CAG GTG GGA TAG CGT
TCC GCG TAT GGC CCA GCG CAT CAC GGG TTC GC A CCA-3' was
obtained from Sangon Biotechnology Co. Ltd. (Shanghai, China).
Graphene Oxide (GO) was purchased from Nanjing Xianfeng Nano
Co. Ltd. (Nanjing, China). 6-Mercapto-1-hexanol (MCH) and tris-(2-
carboxyethyl) phosphine hydrochloride (TCEP) were obtained from
Sigma-Aldrich (St. Louis, MO, USA). Chlorauric acid (HAuCl,) was
purchased from Aladdin Reagent Co. Ltd. (Shanghai, Chnia).
Bisphenol A (BPA), bisphenol B, 6F bisphenol A, and 4,4'-biphenol
(BP) were purchased from Sinopharm Chemical Reagent Co. Ltd.
(Shanghai, China). All other reagents were of analytical grade and
used without further purification. Ultrapure water obtained from
a Millipore water purification system ( >18 M Q, Milli-Q Millipore)
was used in all assays and solutions.

2.2. Apparatus

Electrochemical measurements were carried out with a CHI
440A Electrochemical Workstation (Shanghai CH Instrument Inc.,
China). All experiments were carried out with a conventional
three-electrode system with glassy carbon electrode (GCE) as the
working electrode (WE), a platinum counter electrode (CE) and
an Ag/AgCl (sat. KCl) reference electrode (RE). Scan electron
microscopy (SEM) images were recorded using Philips XL30 scan-
ning electron microscopy (Philips, Amsterdam, Dutch). The condi-
tions used for SEM determination were set as follows: accelerating
voltage, 20.0kV; working distance, 3.0 mm; and coating Au.
Atomic force microscopy (AFM) measurements were conducted
on a Dimension Icon AFM equipped with a ScanAsyst (Bruker
AXS, Karl Sruhe, Germany). The conditions used for AFM determi-
nation were set as follows: scan size, 3.0 pm; scan rate, 0.999 Hz.

2.3. Preparation of GNPs/GR based aptasensor

The fabrication of the aptasensor includes three steps as fol-
lows: the pretreatment of GCE, immobilisation of GNPs/GR nano-
composite film, and self-assembly of anti-BPA aptamer
(Supplementary file, Scheme S1). Firstly, A GCE was polished on
chamois leather with 1.0, 0.3, and 0.05 um Al,03 slurry succes-
sively followed by rinsing thoroughly with double-distiled water
until a mirror-like surface was obtained. Then it was washed ultra-
sonically in absolute ethanol and double-distiled water for 5 min,
respectively, and finally dried under a stream of nitrogen at room
temperature.

On the second step, 5.0 pL of 1.0 mg mL~! suspension of GO was
dropped onto a freshly smoothed GCE surface uniformly, and the
solvent was evaporated at room temperature. The prepared elec-
trode was thoroughly rinsed with ultrapure water to remove
excessive GO. Electrochemical reduction of GO on the electrode
surface was performed in the N, purged PBS solution (pH 8.0) at
a working potential of —1.2 V (vs Ag/AgCl) for 1200 s. The modified
electrode was then immersed in a 0.1 mM chlorauric acid solution
containing 0.5 M sulphuric acid to electrodeposit GNPs with con-
stant potential at —0.25 V for 30 s. The electrode was rinsed with
ultrapure water and allowed to dry at room temperature.

The last step is the self-assembly of anti-BPA aptamer (anti-
BPA) onto the GNPs/GR modified GCE. Before use, the anti-BPA apt-
amer was firstly prepared as follows: the anti-BPA aptamer was
denatured by heating at 90 °C for 10 min, quickly cooled at 4 °C
for 15 min and incubated at 25 °C for 5 min to allow renaturation
of aptamer to attain its most stable conformation, which is a per-
quisite condition for its binding to target molecule. Subsequently,
the anti-BPA aptamer solution was reduced in 2 mM TCEP for 1 h
to cleave disulphide bonds. For aptamer immobilisation, the
GNPs/GR modified GCE was kept in a solution containing various
concentrations of anti-BPA and MCH for 16 h at 4°C in a 100%
moisture-saturated environment. Finally, the anti-BPA/MCH/
GNPs/GR/GCE was rinsed with deionised water, followed by drying
under N, dream. The resulting electrode was then employed as the
aptasensor in this work.

2.4. Electroanalytical measurements

The formation of anti-BPA and target complexes was performed
by immersing the anti-BPA/MCH/GNPs/GR/GCE into binding buffer
(25 mM Tris-HCl, pH 8.0 with 100 mM NacCl, 10 mM MgCl,, 25 mM
KCl) containing a given BPA concentration for 30 min at room tem-
perature, followed by thoroughly washing with binding buffer to
remove unbound BPA. All electrochemical measurements were
performed in 5.0 mM Ks[Fe(CN)g]/K4[Fe(CN)s] containing 0.1 M
KCl solution. Cyclic voltammetric (CV) measurements were



36 L. Zhou et al./Food Chemistry 162 (2014) 34-40

performed over a potential range from —0.1 to +0.6 V at a scan rate
of 50 mV s~!. The electrochemical differential pulse voltammetry
(DPV) measurements were carried out under the following condi-
tions: The voltage scanned from —0.1 to +0.7 V with a pulse height
of 50 mV, the step height and the frequency were kept as 50 mV
and 5.0 Hz, respectively.

The electrochemical data analysis was carried out and the
decreasing percent of anodic peak currents before and after the
sample treatment (Al = (I — I)/Ip x 100%) was measured. Where
Al is relative current change, Iy and I; represent the anodic peak
current before and after BPA treatment, respectively. Each sample
was tested five times for the detection of BPA. The values obtained
were the average of five results. All measurements were carried out
at room temperature.

2.5. Sample preparation and procedures

The milk samples, including fresh liquid milk and milk powder,
were purchased from a local supermarket (Hangzhou, China). The
fresh liquid milk samples were prepared as the follows: 5.0 mL of
liquid milk was first mixed with 20 mL Tris-HCI buffer solution.
After 15 min sonication and 10 min shaking, the mixture was cen-
trifuged for 10 min, and then supernatant was filtrated (Millipore
Express PLUS Membrane Filter; pore size, 0.22 pum; filter diameter,
25 mm). Next the filtrate was collected and added into 25 mL vol-
umetric flask, diluted with Tris—HCl buffer solution to the calibra-
tion line. Finally, the obtained liquid milk sample was spiked with
certain amounts of BPA standard solution. The preparation of the
milk powder sample was similar to the above processes except
that 5.0 g of milk powder was mixed with 40 mL of Tris—HCl buffer
solution and the filtrate was collected in a 50 mL volumetric flask.
The samples without adding BPA were used as negative control.

3. Results and discussion
3.1. Design strategy of the aptasensor

Fig. 1 schematically depicts the mechanism of the strategy in
this work to fabricate the electrochemical aptasensor. The anti-
BPA aptamer comprising 63 nucleotides that were covalently
grafted on the GCE surface formed a cluster of long spacer arms
on the substrate, leaving long tunnels for the redox probe
([Fe(CN)]>~/#) to reach the electrode surface. Here in the
designed strategy, the anti-BPA aptamers acted as gate of the long
tunnels. In the absence of BPA, the anti-BPA aptamers were
thought to remain unfolded and the gate remained opened
(Fig. 1(A)), thereby allowing the passage of electrons to electrode
surface. However, upon addition of BPA, the conformation of apt-
amer was changed to G-quadruplex structure that closed the
entrance of long tunnels and subsequently gate was closed, result-
ing in the blockage of electron flow to electrode surface (Fig. 1(B)).
In addition to physical hindrance caused by the anti-BPA aptamer
gate to electron flow, the binding of BPA exposed the negatively
charged back bone of the anti-BPA aptamer to redox probe, further
increasing the repulsion to electron flow. The increasing concen-
trations of BPA increased the formation of closed aptamer gate
and subsequently decreased the number of open tunnel, resulting
in decreased electrochemical signal (Fig. 1(C) and (D)). In our
designed strategy, two factors: aptamer gate formation and expo-
sition of negative charged bone, contributed to enhance the sensi-
tivity of the aptasensor by decreasing the electrochemical signal
upon BPA binding (Hayat, Andreescu, & Marty, 2013). This pro-
posed aptasensor offers advantage for label-free detection of small
molecules, eliminating the size factor of molecule.

3.2. Characterisation of the aptasensor

3.2.1. Electrochemcial characterisation of the modified electrodes

The immobilisation of each functionalised layer on GCE surface
was confirmed through CV measurements. CVs of different modi-
fied electrodes in 5.0 mM [Fe(CN)g]>* /4~ solution were shown in
Fig. 2. The bare GCE had obvious redox peak (Fig. 2(a)). The GR/
GCE (Fig. 2(b)) exhibited larger current response than that of bare
GCE, which ascribed to the fact that GR/GCE could significantly
enhance the conductivity of the electrode, facilitating the elec-
tron-transfer. After the GR/GCE was modified with GNPs
(Fig. 2(c)), the peak current further increased, demonstrating that
this kind of nanocomposite materials could generate synergy on
electrochemical properties. When the anti-BPA aptamer was
immobilised on the electrode, a decreased redox peak current
(Fig. 2(d)) was obtained. It was reasonable that aptamers modified
on the electrode surface could block the electron transfer of redox
probe.

3.2.2. Characteristics of the SEM

Fig. 3(A) is the typical AFM images and height profiles of GO.
The thickness of the GO sheet obtained is about 1 nm, which is con-
sistent with previously reported thickness of GO sheets (Marcano
et al,, 2010). The SEM image of GR modified GCE surface was
shown in Fig. 3(B). The surface morphology of GR/GCE was charac-
terised by many rolling wrinkles arising from the flexibility of GR
sheets. Fig. 3(C) was SEM image of the prepared GNPs/GR nano-
composites modified surface. From the image we can see that gold
nanoparticles distributed uniformly on the GR/GCE surface. As
GNPs/GR nanocomposite structure gave a high specific surface
area, it was able to provide a large surface area for aptamer attach-
ment. More importantly, the doped GNPs were expected to
enhance electronic transmission rate.

3.3. Optimisation of experimental conditions for aptasensor

3.3.1. Optimisation of aptamer/MCH concentration

To obtain the maximum sensitivity, the concentration of apt-
amer (0.1-10 pM) and MCH (0.5-10 uM) were optimised. The rel-
ative DPV peak current changes (AI) before and after BPA (1.0 uM)
addition were obtained with a fixed concentration of MCH
(1.0 uM) and different aptamer concentrations (0.1, 1.0, 2.0, 5.0
and 10 uM) (Fig. 4(A)), and also with a fixed concentration of apt-
amer (1.0 uM) and several concentrations of MCH (0.5, 1.0, 2.0, 5.0
and 10 uM) (Fig. 4(B)). The best conditions for assays were deter-
mined according to the sensitivity (maximum AlI) of the proposed
aptasensor. Therefore, the aptamer concentration of 1.0 uM and
2.0 uM of MCH were adopted in this work.

3.3.2. Optimisation of aptamer/MCH incubation time

The incubation time of aptamer/MCH on the GNPs/GR/GCE sur-
face was also investigated to obtain a high sensitivity of the fabri-
cated aptasensor. The dependence of incubation time on the DPV
peak current response before and after BPA (1.0 uM) addition
was displayed in Fig. 4(C). The DPV peak current change (AI)
increased with increasing incubation time and reached a plateau
at 12 h, indicating that aptamer/MCH was saturated on the modi-
fied GCE surface. Thus, 12 h was chosen as the optimum incubation
time.

3.3.3. Optimisation of BPA detection time

Beside the effect of aptamer/MCH concentration and incubation
time, it was found that a different detection time of BPA caused a
visible difference on the DPV peak current change (AI). Therefore,
the dependence of BPA detection time on the increase of Al was
studied to determine the optimum detection time of BPA. As
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Fig. 1. Schematic illustration of the designed strategy for the determination of BPA; the tunnel gates remain open in the absence of BPA (A); addition of BPA (lower
concentration) results in closing of some of the gates, due to aptamer conformational changes (B); increase of BPA further increase the number of closed gates (C) and at

higher concentration almost all the gates get closed (D).
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Fig. 2. CV of the bare GCE (a), GR/GCE (b), GNPs/GR/GCE (c), anti-BPA/GNPs/GR/GCE

(d) in aqueous solution consisting of 5.0 mM [Fe(CN)s]> "~ and 0.1 M KCI. The
voltage range: —0.1 to +0.6 V; scan rate: 50 mV s~ .

shown in Fig. 4(D), Al increased immediately when BPA (1.0 puM)
was introduced and then tended to stabilise after 30 min, indicated
that the aptamer/BPA complexes were saturated onto the electrode
surface. Thus, 30 min was selected as the BPA detection time.

3.4. Performance of the aptasensor

3.4.1. Calibration curve of the aptasensor

The aptasensors were incubated with different concentrations
of BPA under the optimal conditions and the DPV responses of
the proposed aptasensor were recorded. As seen in Fig. 5(A), it dis-
played that the DPV peak current decreased with the increasing
concentrations of BPA in the range from 0 M to 10 pM. In addi-
tion, a linear calibration curve was obtained for BPA detection
between 0.01 uM and 10 puM (Fig. 5(B)) and the correlation
coefficient (R*) was 0.9924. The limit of detection was 0.005 pM
(S/N =3). From Fig. 5(B), changes in the current (AI) were about
10-45% when the BPA concentration was between 0.01 pM and
100 uM. Although lower concentrations (0.0001 pM and
0.001 uM) caused a decreased current (about 5%), this may be
not due to the binding of BPA to the aptamer since the background
signal change was also about 5%. One possible explanation for the
background signal of the aptasensor was the non-specific adsorp-
tion caused by the high concentration of binding buffer on the elec-
trode surface (Kim et al., 2007). At the treatment of 100 uM BPA,
the current change was almost the same as that of 10 uM BPA. It
might be possible that 1 pM of anti-BPA aptamer immobilised on
the modified electrode surface was saturated by more than
10 uM of BPA.

3.4.2. Specificity of the aptasensor
From the practical point, not only does an aptasensor have to be
sensitive to different concentrations of the analyte, but also it must
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Fig. 3. AFM image of GO sheet (A). SEM images of the working surface area of bare GCE after GR modified (B) and after GNPs/GR modified (C).
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Fig. 4. Relative DPV peak current change (AI) obtained during optimisation of aptamer/MCH (A and B), aptamer/MCH incubation time (C) and BPA detection time (D). The
immobilised MCH concentration was 1.0 pM and the five plots corresponding to assays with 0.1, 1.0, 2.0, 5.0 and 10 uM of aptamer (A). Using 1.0 uM aptamer for
immobilisation step, the results came from the MCH concentrations of 0.5, 1.0, 2.0, 5.0 and 10 uM (B). Error bars show the standard deviations of measurements taken from

five tests.

be specific. The specificity of the proposed aptasensor was also
examined by detecting the DPV peak current change (Al) in the
presence of BPA and three interfering agents: BPB, BP and 6F-
BPA. The experimental results were shown in Fig. 5(C). It was
found that only 1 pM of BPA gave significant peak current change,
while the same concentration of the other three interfering agents
had slight emissions. The above results confirmed that there
was insignificant cross reactivity for BPA analogues and the

developed aptasensor could be used to determinate BPA with high
specificity.

3.4.3. Reproducibility and stability of the aptasensor

A long-time stability of the aptasensor was studied on a 14-day
period. After keeping it in refrigerator (4 °C) for 2 weeks, the apta-
sensor was used to detect the same BPA concentration (1 uM). The
current change (Al) was 30% before and 26% later. It did not show
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Fig. 5. DPV curves of the aptasensor incubated with different concentrations of BPA (a-e: the concentrations of BPA are 0, 0.01, 0.1, 1.0 and10 uM) (A). Linear relationship
between the peak current change (Al) and the concentrations of BPA (B). Specificity of the aptasensor to 1.0 uM BPA by comparing it to the interfering agents, including BPB,
BP and 6F-BPA (C). Error bars show the standard deviations of measurements taken from five tests.

an obvious change (lower than 5%), demonstrating that the apta-
sensor had good stability.

The reproducibility of the aptasensor was examined by testing
each sample (1 uM of BPA) with five times. The resulting relative
standard deviation (RSD) was 3.2% for five determinations by inde-
pendently prepared aptasensor. The experimental results indicated
good reproducibility of the fabrication protocol.

3.4.4. Preliminary application of the aptasensor

The feasibility of the proposed aptasensor for use in measuring
BPA in food samples was investigated. Two milk samples, including
liquid milk and milk powder, were employed. The values in Table 1
were obtained by the DPV response against certain amounts of BPA

Table 1
Recoveries of BPA from spiked milk samples (n = 5).
Sample Added (uM) Found (uM) Recovery (%) RSD (%)
Liquid milk 0 0 - 1.8
0.1 0.11 110 3.5
0.5 0.58 116 3.2
1.0 0.96 96 4.8
Milk powder 0 0 - 2.1
0.1 0.09 90 4.2
0.5 0.53 106 3.9
1.0 1.12 112 5.2

in milk samples. As seen in Table 1, the existing milk samples in
market were free of BPA. In addition, the average recovery was
about 105% and the RSD was less than 5.2%. Compared with the
RSD of the proposed aptasensor in the determination of BPA in
Tris-HCl solution, the RSD of real assays were a little larger due
to the presence of inferences in spiked milk samples. However,
the prepared aptasensor showed comparable performance com-
pared with other aptasensors in real assays (Liu et al., 2011 and
Cao et al., 2009), indicated that the developed aptasensor could
be applied for the analysis of BPA in milk samples.

4. Conclusion

A label-free electrochemical aptasensor for the determination of
BPA was developed. The aptamer was directly immobilised on the
GNPs/GR nanocomposite film modified electrode as a BPA capture.
Binding of BPA caused current to decrease, thus providing a basis
for detection. Compared to the existing electrochemical aptasen-
sors for BPA detection based on target induced conformational
changes, our designed aptasensoring platform provided reduced
complexity of the system. In addition, as the aptamer gate forma-
tion and back bone charge exposition upon BPA binding is involved
to get electrochemical signal, eliminating the size factor of mole-
cule for label-free detection. More importantly, the proposed apta-
sensor was applied successfully to the determination of BPA in
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milk products, and the average recovery was about 105%. There-
fore, this designed aptasensor was expected to have a potential
application in food inspection.
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