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Abstract: In this paper, we have designed a kind of immunosensor for the detection of chlorpyrifos. Graphene 
and multi-walled carbon nanotubes could be dissoved with chitosan, thus the graphene-multi-walled carbon 
nanotubes-chitosan (GR-MWCNTs-CHIT) nanocomposite film was obtained. Gold nanoparticles can be bound 
through Au-N bond with chitosan. Then the modified GCE was immersed in the anti-chlorpyrifos antibody 
solution. Finally, bovine serum albumin (BSA) was employed to block the possible remaining active sites 
avoiding any nonspecific adsorption. The fabrication procedure of the immunosensor was characterized by 
cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS), respectively. Under optimized 
conditions, the current response was proportional to the concentration of chlorpyrifos which ranged from 0.1 to 
1.0 × 105 ng/mL with a detection limit of 0.057 ng/mL. The proposed chlorpyrifos immnuosensor exhibited high 
specificity, reproducibility, and stability performance, which may open a new door for ultrasensitive detection of 
chlorpyrifos residues in vegetables and fruits. Copyright © 2013 IFSA. 
 
Keywords: Graphene, Multi-walled carbon nanotubes, Chitosan, Gold nanoparticles, Chlorpyrifos, 
Immunosensor. 
 
 
 
1. Introduction 
 

Recently, immunosensors have received great 
attention in biological detection, especially 
impedance immunosensors [1-4], which have 
extensive applications in the areas of food safety  
[5-7] and environmental monitoring [8]. Monitoring 
of pesticide residues in vegetables for evaluation of 
vegetable quality so as to avoid possible risks to 
human health is a priority objective [9-11]. During 
the past decades, pesticides have been effectively 
monitored by various chromatographic techniques 
such as liquid chromatography, gas chromatography, 

and high performance liquid chromatography 
(HPLC) [12-14]. But these methods require 
expensive instruments, skilled analysts and involve 
time-consuming sample preparation steps [15]. 
Therefore, there is a growing demand for more  
rapid and economical methods for detecting  
pesticide residues. 

In recent years, various nanomaterials have been 
widely employed to improve the performance of 
electrodes. Many nanomaterials have been used as 
signal amplifiers in high-performance protein 
detection platforms, including gold nanoparticles 
[16, 17], quantum dots [18, 19], and magnetic 
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nanoparticles [20]. Among these materials, graphene 
(GR) is a novel one-atom-thick and two-dimensional 
planar nano materials, because of its high surface 
area, excellent conductivity, and excellent 
conductivity, graphene have been shown to have 
fascinating applications in bioelectronics and 
biosensing [21, 22]. Multi-walled carbon nanotubes 
(MWCNTs) have large specific surface area, hollow 
structure and there are many kinds of material 
loading or adsorption of different size [23, 24]. 
Chitosan (CHIT) is a natural polymer materials, rich 
in -NH2 and -OH, excellent physical and chemical 
properties, good film-forming property, thus it can be 
used for a variety of biological active substances of 
good solvent [25]. Gold nanoparticles (AuNPs) have 
good biological compatibility, and large specific 
surface area, can effectively improve electron transfer 
efficiency, improve the biological molecules of a 
fixed amount [26, 27]. Moreover, studies revealed 
that nanohybrid often can combine the merits of each 
component and exhibit enhanced properties, such as 
MWCNTs-CHIT [28], GR-MWCNT [29]. To the 
best of our knowledge, there was little reference to 
the application of GR-MWCNTs-CHIT composite 
film and to prepare immunosensors for the detection 
of chlorpyrifos. We designed the immunosensor 
combining the function of the GR-MWCNTs-CHIT 
composite with AuNPs. 

As described above, graphene served as 
electrocatalytic activity nanomaterials in constructing 
immunosensors and increased the surface area to 
capture a large amount of capture antibody. Multi-
walled carbon nanotubes have the ability to provide 
high external surface area and promote electron 
transfer. CHIT has excellent film forming and 
adhesion ability, and it can dissolve GR and 
MWCNTs composite adequately. What’s more, 
AuNPs not only can improve the conductivity of the 
surface of the modified electrode, but also can make 
the antibody immobilized on the electrochemical 
immunosensor. In this paper, we explore a novel 
immunosensor with the ingenious combination of 
GR-MWCNTs-CHIT composite and AuNPs. The 
immunosensor provided a simple, sensitive and 
specific method for chlorpyrifos detection. Moreover, 
real sample analysis was performed to evaluate the 
proposed immunosensors. 
 
 
2. Experimental 
 
2.1. Materials 
 

Anti-chlorpyrifos monoclonal antibody and 
chlorpyrifos were purchased from Lifeholder. Bovine 
serum albumin (BSA, 96-99 %) and protein A were 
purchased from sigma. Graphene was from Nanoon 
(Hebei, China). MWCNTs were obtained from 
Nanotech Port Co. (Shenzhen, China). HAuCl4 was 
purchased from Shanghai Sinopharm Chemical 
Reagent Co. Ltd., China. CHIT (95 % deacetylation), 

ethanol and other chemicals were used of analytical 
grade. 0.01 M phosphate buffer solution (PBS, pH 7.5) 
was used for dissolving anti-chlorpyrifos monoclonal 
antibody; 0.1 M PBS with various pH values was 
prepared with stock standard solution of 
Na2HPO4/NaH2PO4. All chemicals and solvent used 
were of analytical grade and were used as received 
without further purification. 
 
 
2.2. Apparatus 
 

The cyclic voltammetry (CV), Electrochemical 
impedance spectroscopy (EIS) and different pulse 
voltammetry (DPV) measurements were performed 
with a CHI 660D electrochemical workstation 
(Shanghai Chenhua Co., Shanghai, China). A three-
electrode system was employed with the modified a 
glassy carbon electrode (GCE) (d=3 mm) as the 
working electrode, a platinum electrode as the 
auxiliary electrode and saturated calomel electrode 
(SCE) as the reference electrode. 
 
 
2.3. Preparation of the GR-MWCNTs-CHIT 

Composite 
 

In a typical procedure, a mixture of CHIT 
solution (0.5 wt %) that contained 0.4 mg/mL GR 
and 0.4 mg/mL MWCNTs was prepared and mixed 
to obtain a suspension solution, The mixture was 
allowed to react at room temperature under stirring 
for 24 h, then the GR-MWCNTs-CHIT composite 
was obtained and stored at 4 °C before use. 
 
 
2.4. Fabrication of Immunosensor 
 

Prior to preparation procedure, the glassy carbon 
electrode was polished carefully with Al2O3 powder 
of 0.3 and 0.05 μm to a mirror-like surface, then 
cleaned ultra-sonically with distilled water, 6 M nitric 
acid, absolute ethanol and distilled water 5 min, and 
dried with nitrogen. 

Electrodes were modified immediately after the 
cleaning step. 6 μL of the prepared GR-MWCNTs-
CHIT composite was firstly dropped onto the 
pretreated glassy carbon electrodeand then dried in 
air. Then rinsed with distilled water to remove 
loosely adsorbed composite. Then, 6 μL of AuNPs 
was coated on the GR-MWCNTs-CHIT, and dried it 
in air under natural condition. Meanwhile, AuNPs 
were immobilized on the electrode through 
chemisorption. Subsequently, the electrode was 
immersed in 10 µg/mL anti-chlorpyrifos antibody 
solution at 4 °C for about 12 h. Finally, the resulting 
immunosensor was incubated with 2.5 % BSA 
solution for 1 h at room temperature to block possible 
remaining active sites against nonspecific adsorption. 
After every step, the modified electrode was 
thoroughly cleaned with ultrapure water to remove 
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the physically absorbed species. The modified 
BSA/anti-chlorpyrifos /AuNPs/GR-MWCNTs-
CHIT/GCE immuno-sensor was thus obtained and 
stored at 4°C when not in use. A schematic 
illustration of the stepwise procedures for the 
fabrication of the immunosensor is shown in Fig. 1. 

 
 

2.5. Experimental Method 
 

Electrochemical measurements were conducted 
by coupling the CHI660D electrochemical 
workstation with a three-electrode system. The steps 
of the immunosensor fabrication procedures were 
investigated by CV and EIS in 0.1 M pH 7.5 PBS 
containing 5 mM [Fe(CN)6]3−/4− and 0.1 M KCl at 
room temperature. The immunoreaction was 
performed by immersing the immunosensor in 0.1 M 
PBS containing various concentrations of 
chlorpyrifos for 30 min at room temperature. After 
the specific reaction of antibody-antigen, the formed 
antigen-antibody immunocomplex on the 
electrodesurface hindered the electron transfer toward 
the electrode surface, resulting in a decrease of 
electrochemical signal. Thus, the quantitative 
detection of chlorpyrifos could be accomplished by 
tracking the electrical signals. 

The relative change in peak current (%ΔI) of the 
immunosensor before and after interaction between 

anti-chlorpyrifos antibody and chlorpyrifos was 
measured by DPV. %ΔI was calculated as follows: 

 
 chlorpyrifos, ,

,
Δ % 100%

BSAp p

p BSA

I I
I

I


  , (1) 

 
where Ip,BSA and Ip,chlorpyrifos were the peak current of 
the DPV before and after reaction to the antigen, 
respectively. 
 
 
3. Results and Discussion  
 

3.1. Characteristics of GR-MWCNTs-CHIT 
Composite and AuNPs  

 
Fig. 2(a) showed the SEM image of the GR-

MWCNTs-CHIT, we can see a tubular structure 
indicating the presence of multi-walled carbon 
nanotubes, and typical flake-like wrinkled shapes 
illustrating the exist of graphene. It also displayed a 
loose and homogeneous appearance suggestting that 
CHIT successfully prevented the aggregation of GR. 
In Fig. 2(b), the AuNPs were well-distributed along 
the surface of the GR-MWCNTs-CHIT, which 
indicated that the AuNPs were well adsorbed on the 
surface of the GR-MWCNTs-CHIT. 

 
 

 
 

Fig. 1. Schematic illustration of the stepwise immunosensor fabrication process. 
 

 
 

Fig. 2. SEM images of (a) GR-MWCNTs-CHIT/GCE and (b) AuNPs/GR-MWCNTs-CHIT/GCE. 
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3.2. Electrochemical Impedance Analysis 
 
3.2.1. Cyclic Voltammetry Analysis 
 

Fig. 3 displayed the cyclic voltammograms of the 
immunoassay after each step in 5.0 mM 
[Fe(CN)6]3−/4− with 0.1 M KCl at 50 mV/s. A pair of 
typical reversible redox peaks of ferricyanide ions 
can be observed on the GCE (curve a). When GR-
MWCNTs-CHIT composite was dropped on GCE, a 
couple of redox peak was achieved (curve b), 
indicating that the composite significantly enhanced 
the electrical conductivity of the electrode. An further 
increase in the CV value (curve c) was observed after 
the modification of AuNPs. However, after the non-
electrochemical activity material, antibody BSA and 
antigen could all resist the electron-transfer kinetics 
of the redox probe at the electrode interface, resulting 
in the decrease of CV (curves d-f), which confirmed 
the immobilization of these substances. The stepwise 
assembly of the immunosensor was characterized by 
CV using 5.0 mM [Fe(CN)6]3−/4− with 0.1 M KCl as 
the redox probe, and the results presented  
in Fig. 3(a).  

 
 

 
 

Fig. 3. Cyclic voltammograms: (a) Bare GCE; (b) GR-
MWCNTs-CHIT/GCE; (c) AuNPs/GR-MWCNTs- 
CHIT/GCE; (d) anti-chlorpyrifos/AuNPs/GR- MWCNTs-
CHIT/GCE; (e) BSA/anti-chlorpyrifos/ AuNPs/GR-
MWCNTs-CHIT/GCE; (f) chlorpyrifos /BSA/anti-
chlorpyrifos/AuNPs/GR-MWCNTs-CHIT/GCE; recorded 
in pH 7.5 PBS containing 5.0 mM [Fe(CN)6]3−/4− and  
0.1 M KCl. 

 
 

3.2.2. Electrochemical Impedance Analysis 
 

Electrochemical impedance spectroscopy (EIS) 
studies of different electrodes have been investigated 
in phosphate buffer (pH 7.5 and 5.0 mM 
[Fe(CN)6]3−/4− with 0.1 M KCl). A Nyquist 
impedance spectrum generally includes a 
semicircular portion and a linear portion. The 
semicircle portion in the high frequency range 
corresponds to the electron-transfer-limited process 
and the linear portion at the low frequencies 
represents the diffusion-limited process. The 

semicircle diameter equals the electron transfer 
resistance (Ret), the smaller semicircular diameter 
indicates the faster electron transfer. As shown in Fig. 
4, a semicircular diameter could be observed for bare 
GCE (curve a). when GR-MWCNTs-CHIT (Fig. 4c) 
and GNPs were assembled onto the electrode surface, 
Rct gradually decreased, which demonstrated that 
GR-MWCNTs-CHIT film and the GNPs had 
excellent conductivity. It was clear that the semicircle 
diameter increased after the steps (curves d-f). These 
results were corresponded well with that of CV and 
demonstrated the stepwise modifying process of the 
electrode. 

 
 

 
 

Fig. 4. Electrochemical impedance spectroscopy: (a) Bare 
GCE; (b) GR-MWCNTs-CHIT/GCE; (c) AuNPs/GR-
MWCNTs-CHIT/GCE; (d) anti- chlorpyrifos/AuNPs/GR-
MWCNTs-CHIT/GCE; (e) BSA/anti-chlorpyrifos/ 
AuNPs/GR- MWCNTs-CHIT/GCE;  (f) chlorpyrifos/ BSA/ 
anti-chlorpyrifos/AuNPs/GR-MWCNTs-CHIT/ GCE; 
recorded in pH 7.5 PBS containing 5.0 mM [Fe(CN)6]3−/4− 
and 0.1 M KCl. 
 
 
3.3. Optimization Conditions  

for Immunoassay 
 

There is an obvious effect of pH on the 
immunosensor performance, it could influence the 
activity of the antigen-antibody reaction, thus the 
effect of pH values from 5.5 to 8.5 on the 
immunosensor performance was investigated in this 
work. As shown in Fig. 5(a), current response 
increased with the solution pH increasing from  
5.0 to 7.5, reaching a maximum current response at 
pH 7.5. However, when the pH was more than 7.5, 
the current response decreased. Thus, pH 7.5 was 
chosen as the optimal value and used throughout  
the experiment. 

The effect of incubation temperature was 
investigated in the range of 4 °C to 50 °C. As shown 
in Fig. 5(b), the response increased obviously with 
the temperature increasing to 35 °C. However, while 
the temperature was over 35 °C, a deterioration of the 
response signals has been observed. The reason 
might be that the high temperature might decrease the 
activity of the biomolecules. Considering the lifetime 
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and the response characteristics of the immunosensor, 
the temperature of 35 °C was chosen as a 
compromise. At this temperature, the influence of the 
immunochemical incubation time was also 
investigated.  

 
 

 
 

Fig. 5 (a). Optimization of experimental parameters: 
influence of detection solution pH. 

 
 

 
 

Fig. 5 (b). Optimization of experimental parameters: 
influence of incubation temperature on inhibition. 

 
 

The incubation time also influenced the 
immunosensor response for chlorpyrifos detection. 
The incubation time is a major factor of forming 
immunocomplex on electrode surface. The effect of 
incubation temperature on the maximum relative 
change in peak current of DPV (ΔI%) was studied in 
the incubation time range from 5 to 35 min. Fig. 5(c) 
showed that the current response decreased with 
increasing the incubation time at plateau at 25 min. 
Longer incubation time did not cause further 
decreases of the response current, indicating that the 

specific binding of antigen and antibody has reached 
equilibrium.  

 

 
 

Fig. 5 (с). Optimization of experimental parameters: 
influence of incubation time on inhibition. 

 
 
3.4. Determination of Chlorpyrifos 
 

Under optimal conditions, the immunosensor was 
incubated in a series of different concentrations of 
chlorpyrifos solutions. Fig. 6 showed the calibration 
plots between %ΔI and different concentrations of 
chlorpyrifos, which showed the linear curve ranging 
from 0.1 ng/mL to 1.0 × 105 ng/mL with a regression 
equation: y = 8.8534 lgC (ng/mL) + 10.736  
(R2 = 0.9936).  

 
 

 
 

Fig. 6. The calibration plots of the relative change in peak 
current of DPV (ΔI%) of the proposed immunosensor 
versus the logarithm of chlorpyrifos concentration under 
optimal conditions. The amperometric detection was 
performed 0.1 M PBS (pH 7.5) containing 5.0 mM 
[Fe(CN)6]3−/4− and 0.1 M KCl. 

 

 
 

Table 1. Comparison with other reported immunosensors for the detection of chlorpyrifos. 
 

Electrode 
Liner range 

(ng/mL) 
Detection limit  

(ng/mL) 
References 

PPy-PVS/ITO (Electrochemical 
entrapment)  

1.6-20 1.6 [30] 

AChE/[BMIM][BF4]/MWCNT/CP 3.5-350 1.4 [31] 
dsCT-DNA/PANI-PVS/ITO 0.5-200 0.5 [32] 
BSA/anti-chlorpyrifos/GA/ BSA/anti-
chlorpyrifos/AuNPs/GR-MWCNTs-CHIT/GCE 

0.1–1.0 × 105  0.087 This work 
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The detection limit was 0.057 ng/mL, which was 
calculated at a signal to noise ratio of 3 (S/N = 3). As 
shown in Table 1, compared with other methods, the 
immunosensor has a relative large linear range and 
lower detection limit, indicating that the proposed 
BSA/anti-chlorpyrifos /AuNPs/GR-MWCNTs-
CHIT/GCE sensor is reliable for the determination of 
chlorpyrifos pesticides. 
 
 
3.5. Reproducibility, Stability, and 

Selectivity of the Immunosensor 
 

The reproducibility of the immunosensor was 
examined by determining 100 ng/mL chlorpyrifos 
levels for five replicate measurements. The intra-
assay and inter-assay coefficients of variation were 
5.2 % and 4.9 %. The stability of the modified 
electrode was evaluated by measuring the current 
response. The prepared immunosensors were 
suspended over the PBS (pH 7.5) at 4°C when not 
use. The immunosensors retained 90.5 % of the 
initial response after 15 days of storage. 

To examine the selectivity of the immunosensor 
for chlorpyrifos detection, the immunosensor was 
incubated in interferences containing 100 ng/mL  
3-hydroxychlorpyrifos, carbofuran, phoxim, 
carbarylchlorpyrifos, and 100 ng/mL chlorpyrifos, 
respectively. As shown in Fig. 7, the experimental 
results indicated that the proposed immunosensor has 
a high degree of selectivity for chlorpyrifos detection. 
 
 
3.6. Analysis of Real Samples 
 

In order to evaluate the feasibility of the proposed 
immunosensor for real sample analysis, cabbage, 
lettuce and Chinese chives samples were cleaned 
three times using double-distilled water and were 
spiked with chlorpyrifos solutions of different 
concentration. As shown in Table 2, the recovery was 
in the range of 86.9 %–103.2 %, furthermore, the 
recovery of different vegetable samples was different, 
indicating real samples have an influence on the 
immunosensor detection results. And the RSD 
between 3.91 % and 5.12 % were obtained, indicating 

that the proposed immunosensor can be used for 
direct analysis of practical samples. 

 
 

 
 

Fig. 7. The relative change in peak current (ΔI %) of 
proposed immunosensor to: (1) 100 ng/mL chlorpyrifos + 
100 ng/mL 3-hydroxychlorpyrifos, (2) 100 ng/mL 
chlorpyrifos + 100 ng/mL carbofuran, (3) 100 ng/mL 
chlorpyrifos + 100 ng/mL phoxim, (4) 100 ng/mL 
chlorpyrifos + 100 ng/mL carbaryl, (5) 100 ng/mL 
chlorpyrifos. 

 
 

4. Conclusions  
 

In summary, we introduced a strategy for 
preparing a new label-free amperometric BSA 
/antichlorpyrifos/ AuNPs/GR-MWCNTs-CHIT/GCE 
immunosensor, in which anti-chlorpyrifos 
monoclonal antibodies were successfully 
immobilized on the GCE surface for the detection of 
chlorpyrifos. The high stability of the GR-MWCNTs-
CHIT-modified glassy carbon electrode makes it 
easier to immobilize antibodies on the proposed 
immunosensor, which can improve the sensitivity and 
linear range of the immunosensor. Furthermore, the 
AuNPs, as an efficient bio-interface film possessed 
the biocompatibility, enlarged the specific surface 
area of the sensing interface, and enhanced the 
conductivity. The proposed immunosensor offers 
acceptable sensitivity, stability, reproducibility, and 
has potential application for the detection of other 
pesticides or compounds, which indicates that it may 
be applied not only in the laboratory but also in the 
field for detecting the pesticide residues in food  
and environments. 

 
 

Table 2. The recovery of chlorpyrifos in real samples. 
 

Sample Taken (ng/mL) Found (ng/mL) Recovery (%) RSD(%)(n = 3) 

Cabbage 
10 9.94 99.4 4.91 

100 89.1 89.1 4.32 
1,000 963 96.3 4.56 

Lettuce 
10 10.32 103.2 3.91 

100 94.6 94.6 4.45 
1,000 955 95.5 4.57 

Chinese chives 
10 9.73 97.3 4.63 

100 89.3 89.3 4.68 
1,000 869 86.9 5.12 
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