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Acetylcholinesterase biosensor based on functionalized surface

of carbon nanotubes for monocrotophos detection

Zou Bin® Chu Yanhong, Xia Jiaojiao*, Yao Jing
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Jiangsu University, Zhenjiang, 212013, China.
Abstract

Monocrotophos (Ops) has been widely used as pastini crop production but

simultaneously could accumulate in the nature amwbssly impact food safety and
human health. It is necessary to develop a higbkitbaty biosensor for accurate and
fast detection of OPs. In this study, multi-walletbon nanotubes (MWCNTSs) were
selected as acetylcholinesterase (AChE) carrierthant surface was modified by
introducing different functional groups (-SH, -WHCI, -OH), hydrophobic alkyl
groups (-CH, -(CH,).CHs, -(CH,);CHs, -(CH,)15CH3) and ionic liquids (-1k, -ILy).
The interaction mechanism of MWCNTSs functionalizedface and AChE has been
revealed by studying characteristics of AChE imrhip&d on different carrier surface.
Finally, compared with reported references and almitier modifiers, we found that
MWCNTs surface modified by -lLwas the best carrier for AChE and the detection
limit of IL .-MWCNTs/AChE/GCE was 3.8 10 M. At optimum reaction condition
(pH 7.0, AChE loading 0.25 U, Inhibition time 14 mpi storability test indicated
reactivity of IL;--MWCNTs/AChE/GCE remained above 98.5% within twaek® For
real vegetable sample detection, the recoveriek. pMWCNTs/AChE/GCE were
found to be between 90.0% and 104%. These reseit®nstrated novel biosensors

could act as device of high sensitivity for accerand fast detection of OPs.

Keywords. monocrotophos, acetylcholinesterase, enzyme etstrocarbon
nanotubes, surface modification
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1. Introduction

Monocrotophos (OP$3 extremely toxic for pests, wherein it causesviersible
phosphorylation of esterase, hinders transporteofatransmitter choline and affects
function of central nervous systeHence, it has been widely used as a pesticide in
crop production [1, 2]. However, OPs toxic residaesld accumulate in the nature,
and cause serious impact on food safety and humalthtTherefore, lot of attention
has been given to OPs toxic residues in the food.

Compared to liquid or gas phase chromatographgtrelshemical sensors are
currently favored for detecting OPs residues byonmitgj of researchers due to its
speed, accuracy and convenience. There are numaemisochemical methods, such
as non-enzyme electrode method [3], electrochenhicaensor [4], electrochemical
molecular imprinting [5], electrochemical luminesce [6], capillary electrophoresis
[7] etc. However, electrochemical biosensor is mostmprently used for OPs
detection. It fixes molecular recognition substanceuch as enzymes [8],
antigens/antibodies [9], DNA [10] on transducersd aonverts the concentration
signal of substrate into an electrical signal. Caregd to antigen/antibody or DNA,
acetylcholinesterase (AChE) biosensor is simplaster and most cost-effective
molecular recognition substance. It provides highsgivity signal and is most likely
tool to be used for rapid detection of OPs in indus

Excellent AChE sensor not only maintains AChE agtibut also enhances the
enzyme activity by adjusting the surface of immiakill carrier [11].Therefore,

performance of AChE primarily depends on the designimmobilized carrier
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construct and surface. MWCNTs have been extensiaghplied in enzyme
immobilization and electrochemistry due to its pgrdnollow structure, huge surface,
and unique hydrophobic properties [12bwever, surface of original MWCNTs does
not carry any polar groups except for -OH. Cheminaldification of surface could
change the microenvironment of enzyme and impratwity of AChE. Kang et al.
showed that when AChE is immobilized on graphemedex(GO) with
phenoxy-modified dextran through hydrophobic intécn, the function of GO has
been improved. A novel OPs biosensor has beenecraaid detection limit was 28.55
M paraoxon [13].

Surface properties of carrier have significant iotpan the performance of the
AChE sensor. However, at present, sensitivity oflifired electrode was still not high
enough for detecting OPs. In addition, modifiersially just focused on single
functional group. There is no methodical reseanth ia-depth discussion about the
influence of different carrier surface on perforroarof AChE. In this study, the
MWCNTSs selected as AChE carrier were modified hyoeucing different functional
groups (-NH, -SH, -OH, -Cl), hydrophobic alkyl groups (-gH-(CH.)>CHs,
-(CH);CHjs, -(CH)15CHs) and ionic liquids (IL, -IL2). These different groups were
typical representative of functional group, hydropitity group and ionic groups.
Expanded novel modifier of MWCNTSs such as —SH, {@EH;z and ionic liquid has
been used to improve AChE performance for the fiins¢. Impact of different surface
materials on biosensor and mechanism of interadtiemveen surfaces and AChE

were explored under optimized experimental cond#i¢pH, enzyme loading on the
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biosensor, inhibition time). Overall, these novébdensors act as high sensitivity
device for detection of OPs and are expected t@ lBpundation for accurate and fast
detection of OPs.
2. Experimental
2.1 Reagents and materials

Trimethoxy(methyl)silane, trimethoxy (propyl) sie trimethoxy (octyl) silane,
trimethoxy(hexadecyl)silane, (3-aminopropyl) tritmetysilane, (3-chioropropyl)
trimethoxysilane, (3-mercaptopropyl) trimethoxyegaand 1-methylimidazole were
purchased from Shanghai Aladdin Biochemical Teabgwl Co., Ltd. Phosphate
buffer (PBS) was prepared by mixing N&, and NaHPQ, in different proportions.
MWCNTs (Purity>95%, Length 0.5-2um, OD>50 nm, OH-MWCNTS) were
purchased from Beijing Deke Island Gold Technol@yy, Ltd. OPs (99.4%) were
obtained from Beijing Putian Tongchuang BiotechggloCo., Ltd. (China).
Acetylcholinesterase (AChE, Type C3389, 500 U'rfrpm electrophorus electricus)
and acetylthiocholine chloride (ATCI) were purchhdeom Sigma-Aldrich (USA).
Sodium tetrafluoroborate (NaBFwas purchased from Shanghai Sain Chemical
Technology Co., Ltd. The other reagents were aitalygrade and used without
further purification. Double distilled water wasedlsin all experiments.
2.2 Preparation of modified carrier

1 g MWCNTs-OH powder was weighed into flask contegn100 mL chloroform.
Uniform black MWCNTs-OH solution was obtained aftdtrasound for 15 minutes.

And then 10 mmol reagent ( trimethoxy(methyl)silanemethoxy(propyl)silane,
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trimethoxy(octyl)silane, trimethoxy(hexadecyl)sian (3-aminopropyl)
trimethoxysilane, (3-mercaptopropyl)trimethoxysgan or (3-chioropropyl)
trimethoxysilane was added to flasks. The mixtuas stirred for 5 days at 250on a
stirrer. The synthesized black solution was filteresashed and dried in an oven at
80 (] for 5 hours. The composites were referred to aM@/CNTs, G-MWCNTS,
Ce-MWCNTs, GgMWCNTs, NH-MWCNTs, SH-MWCNTs, CI-MWCNTSs,
respectively cheme 1) [14].

Preparation of MWCNTs modified by ionic liquids show below. Equimolar
1-methylimidazole and (3-chioropropyl) trimethoXgsie were first stirred at 95
for 24 h. Chloride ionic liquid (IL) was obtained. Loaded chloride ionic liquid (10
mmol/g) was obtain according to above reaction ggses and referred to as
IL.-MWCNTs (Scheme 2). 1 g IL,-MWCNTs were weighed into a conical flask. 10
mmoL NaBFR and 100 mL distilled water was added. Borofluorideic liquid
modified MWCNTSs (IL-MWCNTSs) was obtained after stirring at 25 for 5 days
[15].

2.3 Preparation of modified electrode

Standard counter electrode (platinum wire elecfroded reference electrode
(Ag/AgCI electrode) were used in this process. Elextrodes were polished with
0.10pum and 0.05um alumina slurry, and then ultrasonically cleaneavater for 15
minutes. 10 mg carrier material was weighed andotired in 1 mL PBS buffer (pH
7.0). The dispersive carrier solution was prepaker ultrasound for 15 minutes. 5

mg enzyme was weighed and dissolved in 60 mL T@-tpH 7.0). The enzyme
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solution was obtained after ultrasound for 15 mesutlO uL carrier solution dropped
on bare electrode surface with pipette. The eldesavere then dried with an infrared
lamp for 20 minutes. After that, 10l enzyme solution was placed on the surface of
the carrier. After dried, the modified electrodedisn the experiment was synthesized
(Scheme 3). The electrodes need be stored in a refrigeraitbr@v4 [ .
2.4 Electrochemical detection of OPs

The biosensor was employed for determination of @tesg DPV method. The
performance of biosensor was tested by its DPVaresp in pH 7.0 PBS solution
containing 1.0 mmol/L ATCI. Then the electrode wased with PBS (pH 7.0) and
incubated in an aqueous solution containing theiretsconcentration(1x1Y,
5x10%, 1x10° 5x10° 1x10% 5x10% 1x10’, 5x10° M) of OPs. Finally, it was
transferred into ATCI solution for DPV measuremeaitshe same condition of OPs

inhibition absence. The inhibition rate of OPs wakulated as follows:

~12 100%

g

(%) = 1

Wherei; was the peak current of ATCI on biosensors witl@Bs inhibitionj, was
the peak current of ATCI on biosensors with OPghiilon. | was inhibition rate and
was plotted against the concentrations of OPs taimbinear calibration graphs. .

2.5 Apparatus and characterization method

Fourier transform-infrared (FT-IR) measurements ewerecorded using a
Nicolet-460 FTIR spectrometer with a spectral resoh of 0.4 crit in the wave
number range of 500-4000 &m Thermogravimetry (TG) was obtained using a

Rheometric Scientific STA1500 analyzer at the terapge from 200-1000° in
6
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nitrogen atmosphere to verify the property of @runder thermogravimetric analysis.
Cyclic voltammetry (CV) and different pulse voltaretry (DPV) measurements were
performed with CHI660 D electrochemical workstat{&@hanghai Chenhua Co., Ltd.
China). All experiments were performed with a thedectrode system (Glass
electrode (GCE) for the working electrode, Ag/Agé€lectrode as the reference
electrode, platinum wire electrode for the deteggfectrode) at room temperature.
2.6 Preparation of real sample solution

Fresh potted plants were purchased in the locatreugrket. The potted leaves
were cleaned using distilled water and then driathinally. Different concentrations
of OPs standard solution were sprayed to the fessles. After 24 hours the leaves
were removed and crushed. Each sample was add&@i iy 0.1 mol [* pH 7.0 PBS
and sonicated for 3 minutes. In the absence ofetxbn or pre-concentration of the
case, the samples were directly detected by DP\hadetThe concentration of the
OPs contained in the sample was obtained diregtihé calibration curve.

3. Results and discussion
3.1 Electrochemical behavior of the biosensors

After introducing different modified materials, oe@ of MWCNTs has been
changed differently. In this study, the modifieeattode was scanned by differential
pulse in pH-7.0 PBS containing 1.0 mmat BATCI to obtain DPV curve. The results
were shown in Fig. 1. Peak current values of MWCNTs/AChE/GCE,
Cs-MWCNTs/AChE/GCE, @MWCNTs/AChE/GCE and ¢-MWCNTs/AChE/GCE
were 2.348, 4.001, 5.146 and 3.445 uA, respectivete results showed that the

effect of G-MWCNTSs was the best among four different hydropb@itkanes fig. 1
7
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A). Alkane chains were hydrophobic and could act tieaactive center of AChE as a
conductor connecting the substrate to the actite sf the enzyme. It was
demonstrated that proper length of carbon chaitliteted activity express of AChE.
Peak current values of SH-MWCNTs/AChE/GCE, NMMWCNTs/AChE/GCE and
CI-MWCNTs/AchE/GCE were 3.858, 2.311 and 1.146 espectively. The response
of SH-MWCNTs modified GCE was relatively higher amgodifferent modified
groups Fig. 1 B). It was deduced that S-S has been formed betmeecapto groups,
and a network structure was built inside MWCNTs. &Cwas immobilized on
MWCNTs under the influence of S-S network, whiclolably increased the sensor
stability and electrochemical performance [16]. Bug peak values of SH-MWCNTs
was lower than EMWCNTs/AChE/GCE due to weak hydrophobicity. Pealkrent
values of 1L-MWCNTs/AChE/GCE and I:-MWCNTs/AChE/GCE were 6.845 and
5.311 uA, respectively. The performance of-MWCNTs and I.-MWCNTs was
better than other composites due to ionic intradiygFig. 1 C). It was shown that
materials of GMWCNTs, SH-MWCNTs, IL.-MWCNTs effectively improved the
sensitivity of the electrode, increased the curresgponse value, promoted the
progress of the reaction, and was more suitabléhtodetection of OPs.

CV was used to compare the electrochemical behaVidifferent carrier materials.
CVs of bare GCE, MWCNTs/GCE, s¢®MWCNTs/GCE, SH-MWCNTs/GCE and
IL.-MWCNTS/GCE in 0.1 M PBS (pH 7.0) containing 5.0 oirh ™ [Fe(CN)]*’* and
0.1 mol L* KCI were recorded. As shown Fig. 2, there was a pair of well-defined

redox peaks observed on the bare GEig.(2 a). The peak currents of the
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MWCNTs/GCE Fig. 2 b) increased since the good electrical conductiahd
enhanced surface area of MWCNTS, the peak currest about 20 uA. Redox
peaks of SH-MWCNTs/GCE, £MWCNTs/GCE, IL-MWCNTsS/GCE were
relatively higher Fig. 2 c, d, €). The highest redox peaks were appeared at the
IL.-MWCNTs/GCE. Due to the special electrochemicalpprties, the peak current
was highest and about 30 uA corresponding to DRMIt® It was demonstrated that
IL1-MWCNTs/GCE was the best carrier for AChE which sisted with above DPV

results of Il;--MWCNTs/AChE/GCE [17].
3.2 Characterization of prepared materials

TEM images of original MWCNTs (A, C) and #MWCNTs (B, D) were shown in
Fig. 3. The MWCNTs before and after modificationsweell dispersed. However, Fig.
3D showed that the modification of ionic liquid hesabled MWCNTs to disperse
more homogenously. It can be seen that surfacechadnel of MWCNTs after
modification was vague. It demonstrated ionic lijwas grafted onto MWCNTs
successfully. FTIR was performed to characterizeugr introducing results of
MWCNTs, G-MWCNTs, SH-MWCNTs and Ii-MWCNTs (Fig. 4). The FTIR
spectrum of MWCNTsdurve a) displayed the presence of O-H (34303mC-C
(1620 cnt) and C-O (1047 cil), which was ascribed to the stretching vibratiohs
MWCNTSs [18]. In addition to the presence of therelateristic peaks of MWCNTSs, a
new characteristic peak oB®WCNTSs (curve b) appears compared with MWCNTSs.
-CH,- (2960 cnt, 2870cnt) and -CH (2930 cmt', 2850 cnT) were ascribed to the
stretching vibrations of carbon chain (octyl). lasvindicated that the surface carbon

chains had been successfully attached to MWCNTs.ififnared band at 2500~2600
9
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cm?® was referred to S-H stretching vibration [19], @hiwere characteristic in
SH-MWCNTSs (curve c). The characteristic peak ne2003cni* was the stretching
vibration of the unsaturated C-H bond. The absorppieak of 1640ctand 1580
cm* were telescopic vibration on the imidazole ringasfic liquid. 1450 crit was the
N-H bond bending vibration. These absorption peaksesented that {IMWCNTs
(curve d) had been synthesized. Compared with caryube characteristic peaks of
-OH in the curves b, ¢ and d were obviously weallenghich meant that the
hydroxyl groups on MWCNTs were replaced by otheugs.

TG was the weight loss curve of the sample dureating [20].Fig. 5 showed the
TG analysis of all MWCNTs sample before and aftedification. According to the
guality change, the amount of modified materialsldde calculated. The TG curve
was divided into three stages. The first stage vieRD0 °C was mainly the
evaporation of water. The second stage was thedb$8WCNTs groups, such as
carbon chains, mercapto groups and ionic liquide third stage was the loss of the
loaded AChE. According to the quality change, tbading of octyl, mercapto and
chloride ionic liquids could be calculated as 4453.2 and 137 mg g respectively,
and the loading of AChE in MWCNTs/AChE/GCE, SH-MWCNTs/AChE/GCE

and IL.-MWCNTs/AChE/GCE were 123.5, 108.3 and 215.1 nigrgspectively.
3.3 Optimization condition of Biosensor Performance

The effect of solution pH on biosensor performanees studied in pH-7.0 PBS
containing 1.0 mmol £ ATCI by DPV. As shown irFig. 6 A, the current response of
all biosensors enhanced with the increase of pHraadhed a maximum at pH 7.0.

Fig. 6 B displayed the effect of AChE loading on the biesenresponse. It was
10
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noticed that the DPV peak current increased witlreiasing the amount of AChE.
When the amount of AChE loading on theg-MWCNTs/AChE/GCE,
SH-MWCNTs/AChE/GCE, I.-MWCNTs/AChE/GCE was 0.125 U, 0.125 U, 0.25 U,
peak current reached the maximum. Further increds@ChE led to an obvious
decrease of current response. It was probably kectnat the superabundant AChE
increased electrode resistance. Hence, 0.125 @501 0.25 U of AChE was chosen
as optimal enzyme concentration for gKWCNTs/AChE/GCE,
SH-MWCNTs/AChE/GCE, I.-MWCNTs/AChE/GCE, respectively.

Effect of inhibition time on biosensor was investigd. The biosensor was
incubated in 1.0xI®mol L™* OPs standard solution for different time. As shiowig.
6 C, the inhibition rate showed obvious enhancemetit mcreasing time. However,
there was no obvious change after reaching eqaildor. It was found that optimum
inhibition  time  of G-MWCNTS/AChE/GCE, SH-MWCNTs/AChE/GCE,

IL,-MWCNTs/AChE/GCE was 12, 12, 14 min, respectively.
3.4 Detection of standard samples

Fig. 7 showed the calibration plots of OPs. OPs conceatrand inhibition rate
was linear in the range of 1x10 to 5x10° mol L*. Linear equation of
Cs-MWCNTS/AChE/GCE was A=115.96-9.758IgC (R=0.995linear equation of
SH-MWCNTs/AChE/GCE was A=147.65-13.322IgC (R=0.99Q9near equation of
IL,-MWCNTs/AChE/GCE was A=100.13-9.335IgC (R=0.99IR)e detection limits
of Cs-MWCNTs/AChE/GCE, SH-MWCNTs/AChE/GCE, fMWCNTs/AChE/GCE
were 5.4x10%, 4.6x10" and 3.3x13'mol L, respectively. The performance of

biosensors and other reported AChE biosensorseititdrature [21, 22, 23, 24] was
11
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shown inTable 1. Compared with other enzyme electrode sensorsebsgwors in this

study exhibited wider linear range, lower detectionts and stronger sensitivity.
3.5 Detection of real sample

The biosensor reliability was tested. Different cemrations of OPs were sprayed
to fresh vegetable. The concentration of OPs invdgetable was measured by above
prepared enzyme electrodes (See section 2.6). dtmvery and relative standard
deviations were shown ifable 2. For G-MWCNTS/AChE/GCE detection, the
recoveries were found to be between 94.0% and W2.0For
SH-MWCNTs/AChE/GCE detection, the recoveries wenentl to be between 86.0%
and 106.0%. For .-MWCNTs/AChE/GCE detection, the recoveries werenfbtio
be between 90.0% and 104%. The results indicat&idtiie proposed biosensor was
acceptably accurate and precise, and can be usédef@nalysis of samples from a

real environment.
3.6 Reproducibility and Stor ability of biosensors
Five different modified electrodes of HMWCNTsS/AChE/GCE were used to

detect OPs in PBS containing 1.0 mmot BTCI with DPV at above optimum
condition. Relative standard deviation (RSD) of kpearrent was 4.07%. RSD of
Cs-MWCNTS/AChE/GCE and SH-MWCNTs/AChE/GCE were 4.3¥d 3.45%,

respectively. This showed that the reproducibidtyhree biosensors were better.

The prepared enzyme electrode sensor was storad @nvironment of 4 °C and
tested once every week in pH-7.0 ATCI solution eérihg 1.0 mmol [} (See section
2.3). The peak current signal was recorded and stiomwFig. 8. By comparing the
peak detection current, we found that the peakeotrsignal remained above 98.5%

12
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within two weeks. With the increase of time, thewne activity obviously weakened.
After seven weeks, the s@IWCNTs/AChE/GCE, SH-MWCNTsS/AChE/GCE,
IL,-MWCNTs/AChE/GCE detection signals were 30.50%480% and 55.70% of the
initial peak current, respectively. This showedt ttiee enzyme electrode had good
stability and long service life within seven weeks.
4. Conclusion

In this study, MWCNTs as AChE carrier were modifieg introducing different
functional groups (-SH, -N§ -Cl), different hydrophobic alkyl groups (:GGC;, -GCs,
-Ci16) and different ionic liquids (I, IL;). Results showed that MWCNTs surface
introducing -lb group could be the best carriers for ACHE.
IL;-MWCNTS/AChE/GCE was used to detect OPs and thectleh limit was
3.3x10" mol L. At optimum reaction condition (pH 7.0, AChE loagi0.25 U,
Inhibition time 14 min), reproducibility test densimated that relative standard
deviation (RSD) of I.-MWCNTs/AChE/GCE was 4.07%. Storability test indexh
reactivity of IL;--MWCNTs/AChE/GCE remained above 98.5% within twaek® For
Real sample detection, the recoveries gfMWCNTs/AChE/GCE were found to be
between 90.0% and 104%. These results demonstkatsgnsors in this study
exhibited wider linear range, lower detection Israind stronger sensitivity. This work
is expected to contribute to the efficient detattd OPs.
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Figure and table captions:

Scheme 1 lllustration of MWCNTs modified by groups.

Scheme 2 lllustration of IL-MWCNTSs and IL.-MWCNTSs synthesis.

Scheme 3 lllustration of biosensor synthesis.

Fig. 1 DPV of the modified electrode in pH 7.0 PBS saatcontaining 1.0 mmol L
"L ATCI. The curves A, B, C, D were obtained by-lWCNTs, G-MWCNTSs,
C,-MWCNTs, GeMWCNTs. The curves E, F, G were obtained by
SH-MWCNTs, NB-MWCNTs, CI-MWCNTSs. The curves HI were obtained by
IL;-MWCNTs, IL-MWCNTSs.

Fig. 2 CVs of modified MWCNTSs recorded in pH 7.0 PBS oo containing 5
mmol L? [Fe(CN)]*™* and 0.1 mol [} KCI: (a) bare GCE; (b) MWCNTs/GCE;
(c) SH-MWCNTSs/GCE; (d) MWCNTS/GCE; (e) I.-MWCNTs/GCE.

Fig. 3 TEM of MWCNTSs (A, C) and I.-MWCNTs (B, D).

Fig. 4 FTIR of MWCNTs (a), @MWCNTs (b), SH-MWCNTs (c) and =MWCNTs
(d).

Fig. 5 Thermal analysis of MWCNTs (a), g®WCNTs (b), SH-MWCNTs (c),
IL:-MWCNTs (d), G-MWCNTS/AChE (e), SH-MWCNTS/AChE (f),
IL.-MWCNTS/AChE (g).

Fig. 6 Effect of pH (A), AChE loading (B), Inhibition tien (C) (curve a represents
IL.-MWCNTs, curve b represents SH-MWCNTs, and curverepresents
Cs-MWCNTSs.).

Fig. 7 Relationship between inhibition rate and OPs. (8H-MWCNTs/AChE/GCE;
(b) Ce-MWCNTS/AChE/GCE; (c) I,-MWCNTs/AChE/GCE.

Fig.8 Enzyme activity rate of EMWCNTS/AChE/GCE, SH-MWCNTs/AChE/GCE,
IL.-MWCNTs/AChE/GCE compared with the initial peak remnt containing 0.5
mmol/L ATCI phosphate buffer solution.

Table 1 Comparison with other reported biosensors for @dRsction.

Table 2 Determination of OPs in the real sample.
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1  Table1 Comparison with other reported biosensors for @&ection.

Linear range

Detection limit

Electrode material Analyte Ref.
(mol LY (mol LY
AChE/Au/graphite 5.0x164.0x10* 5.0x10° OPs Dimcheva et al. 2013
UCNPs-AuNPs-AChE 1x18-5%x10° 1.0x10% OPs Long et al. 2015
AChE/Nano-TS-1-Pr-NHGCE 3.6x10%3.1x10° 4.5x10" OPs Kaur et al. 2015
Sundarmurugasan et al.
Pt/ZnO/AChE/Chitosan 5x104x10” 3.6x10" OPs
2016
IL,-MWCNTS/AChE/GCE 1.0x18-5.0x10 3.3x10" OPs This work
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1  Table2 Determination of OPs in the real sample.

Sample Added Found Mean recovery RSD(%) (n=3)

(mol L) (mol LY (%)
1 5.0x10’ 5.1x10’ 102.0 4.6
Ce-MWCNTS/AChE/GCE 2 5.0x10° 4.8x10° 96.0 35
3 5.0x10° 4.7x10° 94.0 4.8
1 5.0x10’ 4.3x10 86.0 3.9
SH-MWCNTS/AChE/GCE 2 5.0x10° 5.2x10° 104.0 3.3
3 5.0x10° 5.3x10° 106.0 3.7
1 5.0x10’ 5.2x10’ 104.0 4.9
IL,-MWCNTS/AChE/GCE 2 5.0x10° 4.5x10° 90.0 3.6
3 5.0x10° 4.9x10° 98.0 3.9
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Surface modified MWCNTSs as carrier to prepare AGkBEsors for detection of OPPs

MWCNTSs surface were modified by introducing ninadgé of functional groups.

It was demonstrated that MWCNTs modified by iomgiid was the best carrier.

The detection limit of I/AChE/GCE was 3.3xI8mol L*



