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In this paper a quick and disposable electrochemical biosensor based on bovine hemoglobin (BHb) is proposed
for the determination of chlorpyrifos (CP). The bioelectrode (denoted as AuNPs/MoS,-CS/BHb/SPE) has been
designed by immobilizing BHb on the screen printed electrode (SPE) surface modified by gold nanoparticles
(AuNPs) and Molybdenum disulfide (MoSz) nanosheets - chitosan (CS) mixture (MoSy-CS). Field emission
scanning electron microscopy (FESEM) and electrochemical characterization demonstrate the successful grafting
of AuNPs/MoS,-CS/BHb/SPE. Detailed electrochemical impedance spectroscopy (EIS) analysis and cyclic vol-
tammetry (CV) tests show that the proposed bioelectrode exhibits decent electrochemical properties, such as well
conductivity and large specific surface area. In-depth electrochemical analysis reveals the redox reaction
occurring on the surface of the bioelectrode and the mechanism that CP binds with BHb forming the thin film to
inhibit the peak current. The proposed biosensor exhibits sensitive and stable responses for electrochemical assay
of CP ranging from 0.004 pM to 28.52 pM, with a limit of detection (LOD) as 5.6 nM. The electrochemical
biosensor passes the repeatability, reproducibility, stability and anti-interference ability test experiments with
good performance. The biosensor also shows its credibility for detecting CP in real vegetable samples (Cabbage
and Leek) with recovery (%) ranging from 87% to 109%. The proposed biosensor is of great potential application
values for detecting CP and the study is of great reference value for the research and development of biosensors
for quantitative detection of organophosphate pesticides (OPs).

1. Introduction established, among which the acetylcholinesterase (AChE) based

biosensor is the most extensively studied one with the best detection

Chlorpyrifos (CP) is one of the most widely used organophosphate
pesticides (OPs) all over the world [1]. However, the accumulation of CP
in farmland environment caused by excessive use of CP poses a serious
health threat to human health and the environment [2]. Therefore, it is
of great significance to develop a rapid, accurate and convenient method
for detecting CP residues in agricultural products. Traditional CP
detection methods including gas chromatography, high performance
liquid chromatography and chromatography-mass spectrometry are
time-consuming, expensive and need professional operations, seriously
limiting the scope and field of their applications [3]. Electrochemical
detection method based on biosensor has been widely studied in recent
years due to its rapid, sensitive and convenient detection characteristics
[1]. Many electrochemical detection platforms for OPs have been
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results [4]. However, the AChE based biosensors have to use Acetylth-
iocholine chloride (ATCI) as the electrochemical response substrate
which greatly increases the biosensors’ complexity [5]. Therefore, it is
necessary to develop a novel OP biosensor based on other enzymes
without substrate for simplicity purpose and improvement of biosensor
performance.

There have been studies explored on the electrochemical properties
of bovine hemoglobin (BHb) and designed BHb based biosensors for
nitromethane (CH3NO,) determination [6]. An electrochemical
biosensor based on BHb has been proposed to detect methyl parathion
(MP) without using substrate showing good detection accuracy, stability
and reliability [7]. BHb shows excellent application prospects in elec-
trochemical biosensor design for its low cost, easy availability and good
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Scheme 1. Schematic illustration of the fabrication process and mechanism of the AuNPs/MoS,-CS/BHb/SPE electrode.

biocompatibility [8]. For these reasons, a novel electrochemical
biosensor based on BHb is proposed for detecting CP in this study.

In a previous study [9], the BHb based electrochemical biosensor
shows two cathodic peak currents on the electrode surface at potential
—0.8 V and —0.38 V respectively. The two cathodic peak currents are
corresponding to two different reduction reactions: HbFe(III) to HbFe(II)
and HbFe(II) to HbFe(I) respectively. The former reduction reaction was
used for detecting nitromethane [6], and in the Indian research [7], the
later reaction was used for determination of MP. Meanwhile, BHb could
bind with CP and the process may form a thin film with poor conduc-
tivity hindering the electron transfer rate on the electrode surface [10].
This mechanism and principle was used to design a BHb based biosensor
for determination of CP. The fabrication process and mechanism of the
BHD based biosensor for CP assay is shown in Scheme 1.

2. Experimental
2.1. Reagents and instruments

Screen printed electrode (SPE) (TE100 3 mm/0.071 sz) was ob-
tained from Zensor Research & Development company (Taiwan, China).
Bovine hemoglobin (BHb) (Iyophilized powder), phosphate buffer saline
(PBS) and chitosan (CS) were obtained from COOLABER Technology
Limited (Beijing China). Acetic acid (CH3COOH), Potassium chloride
(KCl), Calcium sulfate (CaSO4), Sodium chloride (NaCl), Potassium
ferricyanide (K3[Fe(CN)g]) and Potassium ferrocyanid (K4[Fe(CN)gl)
were obtained from DAMAO CHEMICAL REAGENT FACTORY (Tianjin,
China). Chlorpyrifos (CP) was obtained from Shanghai yongtuan In-
dustrial Co., Ltd (Shanghai, China). Chloroauric acid (AuCl4H) was ob-
tained from Sigma-Aldrich (St. Louis, Mo, USA). Molybdenum disulfide
(MoS,) nanosheets were obtained from ZHEJIANG YAMEI NANO
TECHNOLOGY CO. LTD (Hangzhou, China). The real samples of cab-
bage and leek were obtained from the local market. All the SPEs were
ultrasonic cleaned in distilled water before use. All chemicals used in the
experiments were of analytical purity.

Electrochemical studies were operated on a CHI760C electro-
chemical workstation (Shanghai CH instruments, China) at room tem-
perature (25 + 1 °C). The surface morphological features of all prepared
electrodes were investigated using the Field emission scanning electron

microscopy (FESEM) (HITACHI S-4800) and HORIBA EMAX 7593-H
along with energy dispersive X-ray spectroscopic analysis (EDS). All
the electrochemical studies were performed in the three electrode sys-
tems with carbon electrode as working electrode (WE), carbon as
counter electrode (CE) and Ag as the reference electrode (RE). All
electrochemical experiments were carried out using the electrochemical
software (chi760e.exe) with multichannel assembly. The square wave
voltammetry (SWV) electrochemical technology was performed in PBS
solution (pH 7) between the potential range of —0.1 V to —0.6 V with
amplitude of + 0.25V and frequency of 25 Hz. All experiment data
processing was completed with MATLAB 2011b.

2.2. Fabrication of AuNPs modified SPE (AuNPs/SPE)

SPE was adopted to construct a portable and disposable biosensor for
its small size, low price and high repeatability [11]. The surface of SPE
was firstly modified with AuNPs through electrochemical deposition to
increase the specific surface area and improve the conductivity, which
contributed greatly to the super performance of the biosensor.

The specific operation steps are as follows: The bare SPE (carbon as
WE) was treated using ultrasonic cleaning instrument with distilled
water for 180 s before use [11]. To increase the specific surface area and
conductivity of the SPE, a layer of gold nanoparticles was electrode
positioned on the surface of the carbon working electrode to obtain
AuNPs/SPE. Firstly 1% AuCl4H solution was prepared by dissolving 1 g
of AuCl4H powder into 100 ml distilled water. Then the SPE was soaked
into the 1% AuCl4H solution and treated with chronoamperometry
method for 200 s (0.6 V, 25 Hz).

2.3. Fabrication of MoS3-CS mixture modified SPE (AuNPs/MoS2-CS/
SPE)

Two-dimensional (2D) metal dichalcogenides MoS; as the analogue
of graphene exhibits some outstanding properties such as ultrafast
electronic conductivity, large surface area and ultrahigh electrocatalytic
activity [12]. MoSy nanosheets show excellent performance in some
electrochemical biosensors design and development. CS is a non-toxic
biopolymer, which has unique biological regeneration, hydrophilicity,
biodegradability, good film-forming property and large mechanical
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Fig. 1. FESEM images of (a) AuNPs/SPE at lower magnification and (b) at higher magnification (c) AuNPs/MoS,-CS/SPE at lower magnification and (d) at higher
magnification, (e) AuNPs/MoS,-CS/BHb/SPE at lower magnification and (f) at higher magnification. (For interpretation of the references to colour in this figure, the

reader is referred to the web version of this article.)

strength [13]. It is an environmentally friendly natural polymer that can
gently and stably immobilize proteins and has been proved to be a
suitable surface modifier for electrochemical biosensors [14]. Chitosan
was often used in film entrapment to provide good biocompatible
microenvironment for proteins (such as BHb), but the poor conductivity
of CS hindered its application scope [15]. In our present work, MoSy
nanosheets were blended with CS forming a mixed suspension to over-
come this problem. The combination of MoS, nanosheets and CS
(Mo0S2-CS) could greatly enhance the conductivity of CS while main-
taining its biocompatibility, which provides a good biological environ-
ment for BHb. The MoS,-CS mixture suspension was then coated onto
the SPE surface to further improve the conductivity and enhance the
adsorption capacity of BHb.

The specific operation steps are as follows: 50 mg of MoS, nano-
sheets was added to 100 ml distilled water to obtain the MoS,

suspension. The suspension was stirred for 3 min and then ultrasonic
treated for 30 min. After that, 50 mg of CS was added into the MoS,
suspension followed by ultrasonic treatment. Again, the mixed suspen-
sion was stirred for 3 min and then ultrasonic treated for 30 min to
obtain the MoSy-CS mixture suspension. Finally the MoS,-CS mixture
suspension was coated on AuNPs/SPE by dropping 10 pl of the mixed
suspension onto the working electrode surface and left to dry at the
room temperature (25 + 1 °C). With the simple drop coating method the
SPE surface was then coated with a layer of MoS,-CS mixture to obtain
AuNPs/MoS,-CS/SPE.

2.4. Immobilization of BHb on AuNPs/MoS,-CS modified SPE (AuNPs/
MoS,-CS/BHb/SPE)

250 mg of BHb was added into 50 ml PBS solution (pH 7) to obtain
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Fig. 2. (a) EDS spectra of AuNPs/MoS,-CS/Hb/SPE, (b) elemental mapping of AuNPs/MoS,-CS/Hb/SPE and (c) indicative of the element each color stands for.

the 5 mg ml~* BHb solution. Drop casting 10 pl of the prepared BHb
solution was done on the surface of AuNPs/MoS2-CS/SPE. Then the SPE
was placed in ventilated and dry environment to naturally dry at room
temperature (25 + 1 °C) to obtain AuNPs/MoS,-CS/BHb/SPE. The ob-
tained AuNPs/MoS;-CS/BHb/SPE was finally thoroughly washed with
PBS solution to remove the unbound BHb. The fabricated biosensors
were stored in refrigerator at 4 °C for future use.

3. Results and discussions
3.1. Electrodes surface morphological studies

The SEM images of AuNPs/SPE, AuNPs/MoS,-CS/SPE, and AuNPs/
MoS,-CS/BHb/SPE portrayed using FESEM were obtained to charac-
terize the morphology of AuNPs and MoS, nano-materials on the surface
of SPE. Fig. 1(a and b) represented the AuNPs/SPE SEM images at lower
and higher magnification describing the gold nanoparticles morphology
at the surface. It can be seen that a nearly uniform layer of gold nano-
particles is attached to the surface of the electrode illustrating the suc-
cessful electrode position of the gold nanoparticles on the SPE surface.
Fig. 1(c and d) represented the AuNPs/MoS,-CS/SPE SEM images at
lower and higher magnification depicting the nanosheets structure of
MoS; and the uniformly distributed CS, which demonstrated the suc-
cessful coating of M0S,-CS mixture on AuNPs/SPE surface. Spherical
molecule structure of BHb depicted in Fig. 1(e and f) demonstrated the
successful immobilization of BHb due to the excellent film forming
ability of CS to obtain AuNPs/MoS,-CS/BHb/SPE. The BHb located on
the outermost layer of the electrode surface was the core component and
key substance of the proposed electrochemical biosensor. The nano-
material (with good conductivity) modified SPE showing large specific
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Fig. 3. CVs of bare SPE, AuNPs/SPE, AuNPs/MoS,-CS/SPE, AuNPs/MoS,-CS/
BHb/SPE electrodes at scan rate of 25 mV s ! using [Fe(CN)6]>/# in KCl as
redox probe.

surface area enabled large amount of BHb to load on the electrode
surface.

The EDS spectra (Fig. 2) of AuNPs/MoS,-CS/BHb/SPE proved the
presence of Au, S, Mo, Fe, C and O elements which illustrated the suc-
cessful coating of SPE with nanomaterials (AuNPs and MoS,-CS) and the
successful immobilization of BHb. SEM images and EDS spectra together
showed the successful fabrication of the proposed electrochemical
biosensor AuNPs/MoS,-CS/BHb/SPE.
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Fig. 4. Nyquist plots of bare SPE AuNPs/SPE, AuNPs/MoS,-CS/SPE, and
AuNPs/MoS,-CS/BHb/SPE electrodes in 0.1 M KCl solution containing 0.1 mM

[Fe(CN)61>/*.
3.2. Electrochemical studies of the electrodes

The electrochemical characteristics of all the prepared electrodes in
the experimental section were tested with cyclic voltammetry (CV)
technology (potential range between —0.3 V and +0.6 V) using 0.1 mM
[Fe(CN)el 3 and 0.1 mM [Fe(CN)6]4' as redox couple in 0.1 M KClI so-
lution at a scan rate of 25 mV s~ 1. All CV curves showed a couple of
typical well-defined reversible redox peaks relating to Fe>*/Fe?* redox.
It can be seen from Fig. 3 in comparison with bare SPE electrode, after
modification with AuNPs and MoS; nanosheets the peak current
increased dramatically and the peak potential separation AE, (the
original value as 0.24 V) decreased which demonstrated the effective-
ness of the electrode modification for improving the performance of the
electrode. It was attributed to the good conductivity and large specific
surface area of AuNPs and MoS, nanosheets that increase the electron
transfer rate between electrode and redox probe. As shown in Fig. 3, the
redox peak current was decreased after coating BHb on the AuNPs/
MoS3-CS/SPE electrode. This may be due to the weak conductivity of CS
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and BHb which hindered the electron’s access to the surface of the
electrode, and inhibited the electron transfer rate. Electrochemical
characterization from another perspective confirmed the successful
coating of AuNPs, M0S»-CS, and BHb on the SPE surface.

3.3. Electrochemical impedance spectroscopy (EIS)

The EIS were tested on all fabricated electrodes with [Fe(CN)6]3'/ 4
(0.1 mM) solution in KCl (0.1 M) as redox probe within the frequency
range of 1072-10° Hz. The EIS of all electrodes Nyquist plots are
depicted in Fig. 4. In all fabricated electrodes, EIS consists of a semicircle
attribute to kinetically controlled phenomenon at higher frequencies
and a straight line attribute to Warburg diffusion phenomenon at lower
frequencies. The diameter of the semicircle indicative of electron-
transfer resistance (Ret) reflecting the electron-transfer kinetics of the
redox process at the electrodes surface decreased when the SPE was
modified with AuNPs and MoS, nanosheets, whereas the Re; increased
slightly after drop coating the electrodes with BHb. The results were
consistent with previous CV tests illustrating that the nanomaterial
modification improved the conductivity of SPE while BHb coating
decreased the conductivity. The results indicated that AuNPs/MoS,-CS
nanomaterials could serve as an excellent transducer promoting electron
transfer rate in electrochemical reactions which could greatly improve
the performance of the biosensor. However, the conductivity of the
biosensor decreased with the attachment of BHb on the electrode surface
hindering the electron transfer rate. EIS tests proved the success of the
nanomaterials and BHb modification from another aspect, indicating the
successful fabrication of the electrochemical biosensor.

3.4. Optimization of the experimental parameters

To further improve the biosensor’s performance, some critical pa-
rameters such as the mass ratio of MoS, nanaosheets and CS in their
mixture suspension, the volume of BHb solution, the pH value of PBS
solution, and the biosensor’s incubation time with the pesticide were
optimized through experiments. To optimize one parameter, all the
other parameters were kept in optimal state.

The mass ratio of MoS; nanosheets and CS was an important
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Fig. 5. Effect of (a) different MoS, -CS mass ratios, (b) different volumes of BHb (c) PBS pH value, and (d) incubation time on the responses of the proposed
biosensor. Error bars are coefficient of variation across three repetitive experiments.
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parameter for the fabricated biosensor. The MoS, nanosheets serves as
the super conductive material while the CS serves as a film entrapment
material to absorb BHb. Only with suitable mass ratio can guarantee the
biosensor with both good conductivity and adsorption capacity of BHb.
Four different mass ratios (3:1, 2:1, 1:1 and 1:2) of MoS, nanosheets and
CS mixture suspension were studied. It is obvious from Fig. 5(a) 1:1 ratio
represent the optimal ratio, and in our present work we added 50 mg
MoS; nanosheets and 50 mg CS (mass ratio 1:1) to 100 ml distilled water
to obtain the MoSy-CS mixture suspension.

The volume of BHb was also a very important parameter for the
biosensor. Too little BHb could not evenly spread the surface of the
working electrode, while too much BHb could easily overflow the
working electrode surface leading to the leakage of BHb and the increase
of the biosensor’s impedance. Four different volumes (5 pl , 10 pl, 15 pl,
20 pl) of 5 mg ml~! BHb solution were investigated through experiment.
It can be seen from Fig. 5(b) that 10 pl of the BHDb solution exhibited the
maximum peak current and should be obtained as the optimal volume.

SWV response of the prepared biosensor was subjected to PBS elec-
trolyte pH value change from 5 to 9. Both peak current and peak po-
tential fluctuate with the change of pH values. With the increase of the
pH value the peak potential moved toward left which was consistent
with previous study [7]. To obtain the maximum peak current the
neutral pH value 7 was selected as the optimal parameter in further
electrochemical analysis (Fig. 5c).

It took a certain amount of time for BHb and CP to interact
adequately with each other, and the time was considered as incubation
time. Five different times (5 min, 10 min, 15 min, 20 min, 25 min) were
investigated through experiment to optimize the incubation time. In
Fig. 5(d), the peak current decreased (peak current inhibition percent
increased) significantly with the increase of the incubation time within
15 min. However, when the incubation time exceeded 15 min the peak
current stopped decreasing and kept steady. It demonstrated that the
reaction of BHb and CP entered a saturated state after 15 min. To
shorten the biosensor’s detection process, 15 min was selected as the
optimal incubation time in the following electrochemical analysis.

3.5. Mechanism analysis of the biosensor

The SWV is one of the most sensitive electrochemical techniques
specifically when the analyte shows a fast electron transfer rate [16]. For
this reason the SWV technology was adopted in this study. Electro-
chemical reactions of AuNPs/MoS,-CS/BHb/SPE were monitored in 1 M
PBS (pH 7) solution within the optimized conditions using the SWV
technology. SWV responses with different CP concentrations were
recorded and a cathodic peak current at potential —0.38 V was
observed. The observed peak current was large due to the reduction
reaction of BHbFe(IlI) to BHbFe(II). It was more likely to occur

compared with the reduction reaction of BHbFe(II) to BHbFe(I) which
usually occurred at a more negative potential (—0.8 to —1.2'V) [7,9].
The observed cathodic peak current was consistent with and confirmed
by previous research [17].

SWV responses of different concentrations of CP were illustrated in
Fig. 6(a). It can be seen that with the increase of CP concentration the
peak current decreased as the electron transfer rate was hindered. The
exact mechanism for the peak current inhibition appeared in the elec-
trochemical system was not entirely clear. While we know that when CP
was added to the electrolyte, it bound with BHb on the electrode surface
[10]. The combination of BHb and CP on the surface of the electrode
formed a thin film with poor conductivity. The thin film may block the
electron transfer tunnel on the surface of the electrode, which contrib-
uted to the inhibition of the peak current. This may be the main reason
for the inhibition of the electrochemical biosensor’s peak current. The
higher the concentration of CP added to the electrolyte, the more CP will
combine with BHb on the electrode. The more CP combined with BHb,
the thicker the film with poor conductivity formed. The thicker the film,
the more obvious the inhibition of electron transfer rate, resulting in a
stronger inhibition of the peak current. The corresponding relationship
between the peak current inhibition percent and the concentration of CP
can be used to accurately determinate the concentration of CP. The
mechanism of the proposed electrochemical biosensor for detecting CP
was shown in Scheme 1.

Suppose the blood protein BHb has n binding sites for the insecticide
CP, and the cascade equilibria take place among BHb, CP and the
complex as follows according to the study [10]:

BHb + nCP « (CP), BHb

The existence of the combination (CP),BHb directly inhibited the
electron transfer tunnel, and the amount of the (CP),BHb determined
the peak current inhibition percent. While the number of BHb on the
electrode surface was fixed (determined by the biosensor), so the
number of (CP),BHb was depended on the number of CP (that is, the
concentration of CP). In this way, the inhibition percent of the peak
current was directly related to the concentration of CP, and the principle
could be used to determine the CP concentration.

The inhibition percent of the peak current can be calculated as fol-
lows:

I 100

inhibition(%) = b=

Iy
Where I is the peak current before inhibition (no CP added to the
electrolyte) and I is the peak current after inhibition (with CP added to
the electrolyte) by the pesticide CP. Through the optimization experi-
ments the incubation time was selected as 15 min, which means that it
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Table 1

Comparison of different electrochemical biosensors developed for the detection
of CP.

Electrode configuration Linear range (1M)  LOD References
(nM)
AChE-[BMIM][BF4]-MWCNT/ 0.01-1 4 [18]
CP

NA/Ag@rGO-NH2/ AChE/GCE 59.85-347.7 39.93 [19]
FTO-AuNPs 0.001-1 10 [20]
AChE/PB-CHIT/GCE 0.01-0.4 3 [21]
AuNPs/MoS,-CS/BHb/SPE 0.004-28.52 5.6 Present work

took about 15 min for CP and BHb to adequately bind together to form
the thin film.

According to the analysis above, the peak current inhibition percent
increased with the CP concentration. As shown in Fig. 6(a), with the
increase of CP concentration, the inhibition percent of peak current
gradually increased until the CP concentration increased to a certain
extent where maybe no more BHb to bind with CP. At this point, BHb
could no longer bind with the excess CP added to the electrolyte, and the
inhibition percent of peak current reached its peak. A linear calibration
model was established between the inhibition percent (of the cathodic
peak current) and the logarithm of the CP concentration (log C) over a
range from 0.004 pM to 28.52 pM (Fig. 6b). The linear regression
equation for the logarithm of CP concentration and the peak current
inhibition percent is Y = 9.53X+ 28.96, with a determination coeffi-
cient (R?) of 0.99. The limit of detection (LOD) (with 3¢ method,
6 = 2.5) was 5.6 nM. In comparison with previous literature, the pro-
posed biosensor in our present work show some advantages such as
without using response substrate, a broader detection linear range and a
relative lower LOD as shown in Table 1. In addition, the prepared
biosensor used the disposable SPE which was inexpensive and ensured
the consistency of the biosensor.

3.6. Repeatability, reproducibility, stability and anti-interference ability

Six successive SWV measurements using the AuNPs/MoS,-CS/BHb/
SPE were carried out to evaluate the repeatability of the proposed
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biosensor (Fig. 7a). The relative standard deviation (RSD) was 2.8%
confirming the good repeatability of the proposed biosensor. For
reproducibility, SWV technology was performed on six independent
AuNPs/MoS,-CS/BHb/SPE electrodes and the RSD obtained as 3.4%
demonstrating the proposed biosensor with an appreciably reproduc-
ibility (Fig. 7b). The long term stability of the biosensor was investigated
for 21 successive days (each investigation interval is 7 days), during
which time the biosensors were kept in refrigerator at 4 °C. The BHb
biological activity decreased and the protein denaturation occurred as
the storage time prolonged. The SWV responses of the bioelectrodes
were checked on day 7 and a 5.1% fall in peak current was observed.
Moreover, 94.5% and 92.8% of the original peak current value was
retained on day 14 and day 21 respectively. The results showed that the
prepared biosensor exhibited good stability (Fig. 7c). To evaluate the
anti-interference ability of the biosensor some electro-active interfer-
ence substances such as Ca2t, K*, CI', Na* were added to the electrolytic
cell [11,22,23]. The experiment results showed that the presence of
these interference substances have no significantly effect on the
biosensor for determination of CP, which verifying the specificity of the
BHD based biosensor (Fig. 7d). The results indicated that the prepared
AuNPs/MoS,-CS/BHb/SPE biosensor could selectively detect CP in the
presence of these common interfering species commonly existed in
agricultural products.

3.7. Real sample determination

To evaluate the authenticity of the proposed biosensor in real sam-
ples, cabbages and leeks obtained from the local market were made into
real test samples as illustrated in Fig. 8. The leaves of cabbage and leek
were thoroughly cleaned with distilled water and ground into paste with
a mortar and pestle. The paste of the vegetable leaves was mixed thor-
oughly with PBS solution. The vegetable leaves paste mixed PBS solution
was spiked with different concentrations of CP. Finally, the solution was
centrifuged and the supernatant was collected. The supernatant con-
taining CP pesticide residue was detected using the proposed electro-
chemical biosensor. Table 2 shows the recovery and RSD of different
concentrations of CP in different real samples. The average recovery
ranging from 87% to 109% have demonstrated the good applicability
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Fig. 7. SWV response of AuNPs/MoS,-CS/BHb/SPE showing (a) evaluation of repeatability, (b) evaluation of reproducibility, (c) evaluation of stability and (d)
evaluation of anti-interference ability in 0.143 uM of CP containing different analytes. Error bars are coefficient of variation across three repetitive experiments.
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Fig. 8. The detection process of pesticide residues in real vegetable samples.

Table 2
Recovery test of chlorpyrifos in cabbage and leek samples.
Samples Spiked levels Calculated value Recovery RSD (%,
(uM) (uM) % n=3)
Cabbage 0.029 0.025 87.36 6.03
0.285 0.308 107.95 1.90
2.852 3.116 109.24 0.82
Leek 0.029 0.026 88.51 2.25
0.285 0.302 106.08 4.04
2.852 3.041 106.63 2.34

and authenticity of the prepared AuNPs/MoS,-CS/BHb/SPE biosensor in
complex real vegetable samples [11,24].

4. Conclusions

This study reports the development of a novel BHb based disposable
biosensor AuNPs/MoS,-CS/BHb/SPE for quantitative determination of
CP. BHb binds with CP at the bioelectrode surface forming a thin film
with poor conductivity which hinders the electron transfer tunnel and
inhibits the electron transfer rate. In this way the peak current is
inhibited on the surface of the bioelectrode. We have cleverly used this
mechanism to design the AuNPs/MoS,-CS/BHb/SPE bioelectrode.
Compared with the traditional AChE based electrochemical biosensor
for OPs detection, the proposed biosensor does not need reaction sub-
strate, which not only simplifies the fabrication process but also in-
creases the whole performance of the biosensor. The present biosensor
exhibits good performance for detecting CP with a broad linear range of
0.004 pM to 28.52 pM, and the LOD as 5.6 nM. Reliable experiments
have verified the repeatability, reproducibility, stability and anti-
interference ability of the biosensor. Real vegetable samples tests

monitoring CP show good results with recovery (%) from 87% to 109%.
The proposed biosensor exhibits some advantages such as high sensi-
tivity and stability, simple fabrication and low cost. It is broadly appli-
cable and highly prospective for future CP pesticide residues detection.
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