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With  citrate-coated  Au  nanoparticles  as  colorimetric  probe,  a novel  visual  method  for  rapid  assay  of
organophosphorus  pesticides  has been  developed.  The  assay  principle  is based  on  catalytic  hydroly-
sis  of  acetylthiocholine  into  thiocholine  by acetylcholinesterase,  which  induces  the aggregation  of  Au
nanoparticles  and  the color  change  from  claret-red  to purple  or even  grey.  The  original  plasmon  absorp-
tion  of Au  nanoparticles  at 522  nm decreases,  and  simultaneously,  a new  absorption  band  appears
at  675  nm.  The  irreversible  inhibition  of  organophosphorus  pesticides  on acetylcholinesterase  pre-
u nanoparticles
olorimetric assay
rganophosphorus pesticides
nzyme inhibition

vents  aggregation  of  Au  nanoparticles.  Under  optimum  conditions,  the  absorbance  at  522  nm  of  Au
nanoparticles  is  related  linearly  to the  concentration  of  mathamidophos  in the range  of  0.02–1.42  �g/mL
with  a detection  limit  of  1.40  ng/mL.  This  colorimetric  method  has  been  successfully  utilized  to detect
mathamidophos  in  vegetables  with  satisfactory  results.  The  proposed  colorimetric  assay  exhibits  good
reproducibility  and accuracy,  providing  a simple  and  rapid  method  for  the  analysis  of  organophosphorus
pesticides.
. Introduction

Due to the high insecticidal activity, organophosphorus pes-
icides (OPs) with acute toxicity have been extensively used for
est control, which has raised serious public concern regarding
he healthiness, environment and food safety [1]. By combining
ydroxyl on active site serine of acetylcholinesterase (AChE), OPs
an irreversibly inhibit the activity of AChE, thus leading to the loss
f AChE hydrolysis for acetylcholine and in vivo accumulation of
cetylcholine, thereby resulting in disturbance of cholinergic recep-
or activity which often causes respiratory paralysis and even death
2,3]. Therefore, rapid, efficient and reliable determination of trace
evels of OPs has become increasingly important for public security
nd health protection, and related research is active.

Currently, the common methods for the analysis of OPs, such

s gas chromatography (GC) [4–7] and high performance liq-
id chromatography (HPLC) [8,9] have been widely used for
he determination of OPs with accurate results. These methods,
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however, require highly expensive instruments, complicated and
time-consuming pretreatments, well trained operators, which limit
their applications for on-site screening of these compounds [10,11].
With the emergence of nanotechnology, enzymatic biosensors
for OPs detection have gained considerable attention due to the
advantages of simplicity, rapidity, reliability, low cost devices,
and on-field detection [12]. These nano-biosensors are based on
the inhibition effects of OPs on acetylcholinesterase (AChE) activ-
ity, or the catalysis of organophosphorus hydrolase (OPH) on OPs
hydrolysis. The catalytic activity of AChE for the hydrolysis reac-
tion of acetylcholine to choline is drastically inhibited by trace
amounts of OPs present in the environment. Nanomaterial-based
AChE sensors have been extensively applied for AChE activity assay
and OPs screening using different configurations and transduction
technologies, such as electrochemistry (amperometry, potentiom-
etry) [13], surface plasmon resonance (SPR) [14], absorption [15]
and fluorescence spectroscopy [16,17]. With the implementation
of nanomaterials including carbon nanotubes, Au nanoparticles
(AuNPs), ZrO2 nanoparticles, quantum dots (QDs) as immobi-
lization matrices, dramatic enhancement in the electrocatalytic
activity with very high sensitivity towards OPs detection has been

achieved [13]. The localized surface plasmon resonance (LSPR)
property of AuNPs covalently coupled with AChE has been applied
for OPs determination [14]. The photoluminescent CdTe QDs has
been integrated with AChE by the layer-by-layer (LbL) assembly
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samples for TEM characterization were prepared by placing a drop
4 H.  Li et al. / Tala

echnique, resulting in a highly sensitive fluorescence biosensor
or detection of OPs in vegetables and fruits based on enzyme
nhibition mechanism [16]. The combination of catalytic effect of
ChE and changes in surface state of nanoparticles could pro-
ide an optical signaling platform for OPs agents [15,17]. OPH can
ydrolyze a large variety of OPs by producing less toxic prod-
cts such as p-nitrophenol and diethyl phosphate, providing a
irect biosensing route suitable for continuous OPs monitoring.
everal types of OPH-based nano-biosensors have been intro-
uced recently, including fluorescence [18–21] and amperometric
nes [22]. Au nanoparticles (AuNPs) have received great atten-
ion in the development of visual sensing schemes owing to their
ntrinsic characteristics such as easy preparation, biocompatibility,
tability, and high extinction coefficients [23,24]. The aggrega-
ion of AuNPs due to molecular recognition results in changes
f their corresponding color and plasmon absorption. Depending
n the unique distance-dependent optical properties, AuNPs have
een widely applied as colorimetric probes for sensing of vari-
us substances, including viruses [25], proteins [26], DNA [27],
ancerous cells [28], metal ions [29] and small molecules such as
elamine [30–32].
In  this work, using AuNPs as probe, we have established a rapid

olorimetric assay method for OPs based on their inhibition on
ChE (Scheme 1). The as-prepared AuNPs are claret-red and well-
ispersed (1). Positively charged acetylthiocholine is employed
s a substrate for AChE and is inclined to adsorb onto the sur-
ace of negatively charged AuNPs via electrostatic interactions
2). AChE catalyzes the hydrolysis of acetylthiocholine to produce
hiocholine, which is positively charged and bears an additional
hiol group (–SH). Due to this characteristic, thiocholine could pre-
er to substitute the citrate and easily bind onto the surfaces of
uNPs. As a result, crosslinking and aggregation of AuNPs would
ccur due to the electrostatic interactions and the strong Au–SH
nteraction (3), leading to the absorbance decrease of Au nanopar-
icles at 522 nm,  and appearance of a new absorption band at

75 nm,  accompanied by the color change of AuNPs from claret-
ed to purple or even grey. The presence of OPs can irreversibly
nhibit the catalytic activity of AChE and the aggregation of AuNPs
4). Thus it is convenient to construct a sensitive, simple and

Scheme 1. Schematic illustration of rapid analysis of organophosphorus pesticide
 (2011) 93– 99

economic  method for rapid determination of OPs quantitatively
with the plasmon absorption of AuNPs. Until now, to the best
of our knowledge, there have been few reports on the detec-
tion of OPs in real food samples like fruits or vegetables using
nano-biosensors [13,16,33]; hence, to apply the biosensors to OPs
detection in real food samples remains a big challenge. Herein,
our results demonstrate that the proposed optical biosensor using
AuNPs as colorimetric probe can be applied to determine low
concentrations of OPs in real vegetable sample with satisfactory
results.

2. Experimental

2.1. Reagents and materials

AuCl3·HCl·4H2O, sodium citrate, vitamin C, vitamin B1, vita-
min B2, FeCl3, NaCl, MgCl2, ZnCl2, KCl, CaCl2 and Na3PO4
were purchased from Beijing Chemical Reagent Company (Bei-
jing, China). Acetylcholine chloride was obtained from Bio Basic
Inc. (Toronto, Canada). Acetylthiocholine iodide (ATI), acetyl-
cholinesterase (AChE, Type C3389, 500 U/mg from electric eel) and
mathamidophos were purchased from Sigma–Aldrich (St. Louis,
USA). Dithio-bis-nitrobenzoic acid (DTNB) and acetylcholine were
purchased from Shanghai Sangon Biological Engineering Technol-
ogy & Services Co., Ltd. All the chemicals were of analytical grade
and triply distilled water was  used in all experiments. Organic
vegetables free from pesticides were purchased from the local
supermarket.

2.2. Apparatus

Absorption spectra were recorded on a 2550 UV–vis Spec-
trophotometer (SHIMADZU Co., Japan). Transmission electron
microscopy (TEM) measurements were made on a TECNAI F20 (FEI
Co., Holland) operated at an accelerating voltage of 200 kV. The
of colloidal solution on carbon-coated copper grid and dried at
room temperature. The photographs were taken with Caplio R6
digital camera.

s based on enzyme inhibition using Au nanoparticles as colorimetric probe.
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ig. 1. (A) Absorption spectra and visual observation (Inset) of dispersed AuNPs (a)
H  8.0 PBS) and AChE (200 mU/mL) (c), AuNPs after addition of ATI (15 �M,  pH 8.0
uNPs after addition of ATI (15 �M,  pH 8.0 PBS) and AChE (200 mU/mL) recorded e

.3. Procedures

.3.1. Preparation of AuNPs
The  solution of 13 nm-diameter AuNPs was prepared accord-

ng to the reference [34] and stored in a brown bottle at 4 ◦C. All
lassware used in these preparations was thoroughly cleaned in
qua regia, rinsed in triply distilled water, and oven-dried prior to
se. In a 250 mL  round-bottom flask equipped with a condenser,
00 mL  of 1 mM HAuCl4 was heated to a rolling boil with vigorous
tirring. Rapid addition of 10 mL  of 38.8 mM sodium citrate to the
ortex of the solution resulted in a color change from pale yellow
o claret-red. Boiling was continued for 10 min; the heating man-
le was then removed, and stirring was continued for an additional
5 min. After the solution cooled down to room temperature, it was
ltered through a 0.4 �m Millipore membrane filter. The size and
orphology of AuNPs were characterized by TEM.

.3.2. Colorimetric detection of methamidophos
A typical colorimetric analysis of methamidophos was per-

ormed as follows. 0.9 mL  AuNPs (diluted 5 times after preparation)
nd 0.1 mL  ATI (pH 8.0 PBS) were added into 2 mL  centrifuge tubes
ith 50 �L different concentrations of methamidophos or water,

ollowed by addition of 10 �L AChE. The mixtures were incubated
t 25 ◦C for 30 min. The UV–vis absorption spectra of the reacted
olutions were recorded, and the calibration curve for methami-
ophos was established according to the absorbance of AuNPs at
22 nm (A522).

.3.3. Analysis of spiked vegetable samples
To measure methamidophos in the vegetable samples, Chinese

abbage was pretreated according to the reference [35]. 10 g of Chi-
ese cabbage was weighed and finely chopped, then dissolved in
0 mL  methanol and ultrasonicated for 60 min. The sample mix-
ure was centrifuged and the supernatant was further filtered. The
ltrate was further purified with activated carbon to remove impu-
ities such as pigments. The obtained sample solution was washed
ith 10 mL  methanol, and concentrated to almost dry at 50 ◦C by

acuum rotary evaporator. The residue was diluted with water
o 5 mL.  A certain amount of methamidophos was added into the
hinese cabbage, and pretreated in accordance with the above pro-

edure; then, the extract was analyzed according to the method in
ection 2.3.2.

The  accuracy of the proposed rapid colorimetric biosensor
or OPs detection in real contaminated vegetable sample was
s after addition of ATI (15 �M,  pH 8.0 PBS) (b), AuNPs after addition of ATI (15 �M,
methamidophos (0.5 �g/mL) and AChE (200 mU/mL) (d). (B) Absorption spectra of

 min.

compared  with enzyme inhibition rate method of Chinese National
Standards GB/T 5009.199-2003 [36]. The standard detection
method in GB/T5009.199-2003 is based on the principle that the
hydrolyzate of acetylcholine catalyzed by AChE reacts with DTNB,
forming a yellow substance with the maximum absorbance at
412 nm,  whereas the presence of OPs can irreversibly inhibit the
activity of AChE and decrease the absorbance at 412 nm.

3. Results and discussion

3.1.  UV–vis absorption spectra and TEM images of AuNPs

The  prepared AuNPs were monitored by the UV–vis absorp-
tion spectrum (Fig. 1A, curve a), which shows a unique sharp
plasmon band at 522 nm,  demonstrating that the obtained AuNPs
are well-dispersed [37]. It can be seen from curve b in Fig. 1A
that the addition of ATI (15 �M,  pH 8.0 PBS) has no effects on
the absorption spectrum of AuNPs and cannot induce color vari-
ation of the AuNPs solution. After AChE (200 mU/mL) is further
added to the AuNPs–ATI system and incubated at 25 ◦C for 40 min,
the original plasmon absorption of AuNPs at 522 nm decreases
with the emergence of a new absorption band at 675 nm (Fig. 1A,
curve c). Simultaneously, an obvious color change of the solu-
tion from claret-red to purple could be observed by naked eyes
as displayed in the inset of Fig. 1A. Additionally, the absorp-
tion spectral variation of AuNPs becomes more and more obvious
by prolonging the reaction time as shown in Fig. 1B. The spec-
tral changes originate from AChE-catalyzed hydrolysis of ATI into
thiocholine, leading to the aggregation of AuNPs as illustrated in
Scheme 1. As the incubation time extended, more thiocholine could
be generated by AChE-catalyzed hydrolysis of acetylthiocholine,
in consequence, increased the aggregation degree and spectral
variation of AuNPs. While AChE (200 mU/mL) was added to the
AuNPs–ATI–methamidophos solution, the change of absorption
spectrum could be hindered to some extent due to the inhibition of
methamidophos on AChE activity (Fig. 1A, curve d). Moreover, the
color differences among solutions of a, c and d are visual to naked
eyes (Inset in Fig. 1A). Consequently, a rapid colorimetric method
for OPs screening could be established using AuNPs as probe.

In  order to know the morphology feature of the AuNPs before

and after the occurrence of spectral and color change, the TEM
images (Fig. 2) were obtained. The as-prepared AuNPs are well-
dispersed with uniform particle size (Fig. 2A). The scale bar of the
inset in Fig. 2A is 20 nm,  which indicates that the particle diameter
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within a shorter time. The insert photographs in Fig. 5 exhibit
enhanced aggregation degree of AuNPs with the increase of AChE
concentration. The experimental results indicate that the sensitiv-
ity as high as possible within a short time could be obtained when
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ig. 2. TEM images of well-dispersed AuNPs (A) and AuNPs after addition of ATI (15
cale bar of 20 nm.

f AuNPs is about 13 nm.  However, after addition of ATI and AChE,
he AuNPs aggregate together (Fig. 2B). The results of TEM analy-
is are consistent with the UV–vis absorption spectra, and confirm
irectly the experimental observations discussed above. In order to
urther approach the analysis principle, a control experiment was
erformed under identical conditions using acetylcholine instead
f acetylthiocholine as the substrate. There was no color change and
bsorption spectral variation even after the reaction mixture was
ncubated for 40 min. Acetylcholine and acetylthiocholine are sim-
lar in structure, which are catalyzed by AChE to produce choline
nd thiocholine respectively. According to the experimental results,
onsequently, it could be deduced that the thio of acetylthiocholine
lays a critical role in aggregation of AuNPs, which provides further
upport for the analysis principle illustrated in Scheme 1.

.2.  Optimization of assay condition

As described above, the proposed rapid analysis for OPs is based
n the spectral and color changes of AuNPs during the process of
ChE-catalyzed hydrolysis of acetylthiocholine and OPs-induced

nhibition on catalytic activity of AChE. Therefore, the performance
f the developed OPs assay is strongly influenced by the assay con-
itions such as the pH of ATI, ATI concentration, AChE concentration
nd incubation time. Different assay conditions were optimized in
ur studies.

The pH of ATI solution could influence the performance of col-
rimetric assay. As shown in Fig. 3, ATI at pH 8.0 almost has no
nfluence on the absorption spectrum of AuNPs, whereas ATI solu-
ions with the other pH could induce the aggregation and spectral
hange of AuNPs. On the other hand, it is well known that the
nzyme activity is highly pH dependent, since like all natural pro-
eins, enzymes have a native tertiary structure that is sensitive to
H, and denaturation of enzymes can occur at extreme pH. There-
ore, the pH of the solution containing the substrate, that is ATI, can
ffect the overall enzymatic activity. According to the characteris-
ic of AChE provided by Sigma–Aldrich, the optimum pH of AChE
ctivity is at pH 8.0. Consequently, the PBS of pH 8.0 was  selected
o prepare ATI solutions.

The  effect of ATI concentration on the performance of colorimet-

ic assay was investigated between 15 and 60 �M.  It was found that
xcessive ATI could result in the aggregation and spectral change of
uNPs due to electrostatic interactions between positively charged
cetylthiocholine and negatively charged AuNPs. Fig. 4 shows the
H 8.0 PBS) and AChE (500 mU/mL) (B). The inset in A is TEM image of AuNPs at the

plots of A522 versus the reaction time (0–80 min) for different con-
centrations of ATI. As shown in Fig. 4, during 0–80 min, ATI of 15 �M
almost has no influence on AuNPs within the test time; however,
given ATI concentration greater than 20 �M, A522 decreases with
increased ATI concentration and prolonged time. In consequence,
15 �M ATI (pH 8.0 PBS) was  used for colorimetric analysis in the
following experiments.

The  AChE activity and concentration have a great impact on the
performance of colorimetric assay. The effect of AChE concentra-
tion on the response of the assay was examined in the range of
0–500 mU/mL, and the absorption spectra of the ensemble solu-
tion in each case were measured every 2 min. As anticipated, A522
decreases gradually with the reaction time, which is shown as Fig. 5.
Additionally, the decline of A522 is more remarkable for the ensem-
ble solution with a higher concentration of AChE. Given the higher
concentration of AChE, the hydrolysis reaction could be completed
λ/nm

Fig. 3. Absorption spectra of AuNPs after addition of 15 �M ATI with different pH
after incubation at 25 ◦C for 20 min. Inset: Variation of A522 of the AuNPs versus the
pH  of ATI.
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ig. 4. Variation of A522 versus the reaction time for the AuNPs after addition of
ifferent  concentrations of ATI (15, 20, 40, 60 �M in pH 8.0 PBS).

sing AChE of 500 mU/mL. For 500 mU/mL  AChE, the aggregation
nd spectral variation of AuNPs could almost be completed within
0 min. Therefore, the incubation time throughout the following
xperiments was chosen as 30 min.

.3. Interference studies

Interference  studies were done in order to explore the spe-
ific detection of OPs in vegetables using the proposed colorimetric
ssay. These experiments included investigation of most commonly
ound substances in real samples of vegetables, such as vitamin
, vitamin B1, vitamin B2, Fe3+, Na+, Mg2+, Zn2+, K+, Ca2+, PO4

3−.
s shown in Fig. 6, no obvious interferences were noticed with

he presence of these selected ions and compounds for determi-
ation of methamidophos (i.e. the relative error in all the cases was
ess than 6%). Therefore, the results showed no interferences from
hese substances in concentration levels usually found in vegetable
amples.
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ig. 6. Absorption spectra (A) and the corresponding A522 (B) of AuNPs–ATI–AChE in the pr
s  the absorption spectrum of AuNPs–ATI–AChE–mathamidophos and the blue line is the a
n presence of 2 �g/mL mathamidophos); 1, vitamin C (0.16 mg/mL); 2, vitamin B1 (0.007 m
, Mg2+ (0.43 mg/mL); 7, Zn2+ (0.015 mg/mL); 8, K+ (0.29 mg/mL); 9, Ca2+ (0.65 mg/mL); 1

egend, the reader is referred to the web version of this article.)
ATI  (15 �M, pH 8.0 PBS) and different concentrations of AChE (0, 100, 200, 350,
500  mU/mL). The inset is the corresponding photographs of the ensemble solutions
after  incubation at 25 ◦C for 20 min.

3.4. Analytical performance and application of AuNPs-based
sensing for methamidophos

The  AChE-catalyzed hydrolysis of ATI into thiocholine could
induce the aggregation of AuNPs with the color and spectral
changes of the ensemble solution. In the presence of methami-
dophos, however, the color and spectral variation became slow
after addition of AChE into AuNPs–ATI solution. The obstacles of
methamidophos on the spectral changes originate from its inhibi-
tion on the catalytic activity of AChE. Under the optimal conditions,
A522 is related linearly to the concentration of methamidophos in
the range of 0.02–1.42 �g/mL with a detection limit of 1.40 ng/mL
(S/N = 3). The relative standard deviation is 6.7% for the deter-
mination of 0.20 �g/mL methamidophos (n = 7), implying good
reproducibility of the colorimetric assay. Compared with the tra-
method [38,39], the established colorimetric assay for OPs has
the advantages of higher sensitivity, simpler sample pretreatment,
faster analysis, and in particular, visual identification.

109876543210
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esence of 2 �g/mL mathamidophos premixed with different substances. The red line
bsorption spectrum of AuNPs–ATI–AChE. Substances: 0, control (AuNPs–ATI–AChE
g/mL); 3, vitamin B2 (0.0013 mg/mL); 4, Fe3+ (0.019 mg/mL); 5, Na+ (0.430 mg/mL);
0, PO4

3− (0.55 mg/mL). (For interpretation of the references to color in this figure
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Fig. 7. Absorption spectra of the AuNPs spiked with known quantities of methami-
dophos  to Chinese cabbage (0, 0.02, 0.05, 0.20, 1.00, and 1.42 �g/mL) after addition
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Table 1
Application of the proposed method for determination of methamidophos in Chi-
nese cabbage spiked with different amounts of methamidophos.

Sample Amount added
(�g/mL)

Amount found
(�g/mL)

(Recovery ± RSD)
(%) (n = 3)

Chinese 0.047 0.052 111.3 ± 2.8
f  ATI (15 �M, pH 8.0 PBS) and AChE (500 mU/mL). Inset: The calibration plot of
ethamidophos  and photographs of the ensemble AuNPs solutions. AuNPs is taken

s control.

To validate the proposed method to specifically detect methami-
ophos in vegetables, different amounts of methamidophos were
dded into Chinese cabbage, after that, the obtained spiked samples
ere pretreated and analyzed according to the procedure described

n Sections 2.3.3 and 2.3.2. The calibration curve for methami-
ophos was obtained by detecting the sample extracts spiked with
nown quantities of methamidophos, as displayed in the inset of
ig. 7. According to this calibration curve, the recoveries in spiked
hinese cabbage vary from 90.2% to 111.3% and the results are
isted in Table 1. Additionally, Fig. 7 shows the spectral and color
ariations of the ensemble AuNPs solutions in the absence and pres-
nce of different concentrations of methamidophos. Along with the
ncrease of methamidophos concentration, the spectra and color

1.51.00.50.0
0.0

0.1

0.2

0.3

0.4

A 52
2

A
522

= 0.22c + 0.06

Concentration/(μg/mL)  

Fig. 8. The calibration plots for methamidophos of the proposed 
cabbage 0.235 0.213 90.2 ± 6.7
0.943 0.869 92.2 ± 4.8

of the ensemble AuNPs solutions become closer to the original
AuNPs (control). Methamidophos could inhibit AChE activity, thus
the hydrolysis rate of acetylthiocholine would be decreased accom-
panied with less thiocholine formed. As a result, less aggregation
of AuNPs could occur, combined with less absorption variation and
less color change. Apparently, in the linear range of methamidophos
from 0.02 �g/mL to 1.42 �g/mL, the color change of the ensemble
AuNPs solutions can be distinguished by naked eyes (Inset in Fig. 7).
The results indicate that the established visual method has promis-
ing feasibility for rapid screening of methamidophos in vegetables.

3.5. Comparison of the proposed colorimetric assay with enzyme
inhibition  rate of GB assay

With four types of vegetables as samples, we used the proposed
colorimetric assay and the enzyme inhibition rate method of GB/T
5009.199-2003 to determine the content of methamidophos. The
obtained results demonstrate that organic vegetables which are
used as samples have no methamidophos contamination. In order
to explore the application of the proposed colorimetric biosensor
for OPs analysis in real sample, the vegetables free from OPs were
immersed in 1 �g/mL methamidophos for 24 h, and then rinsed
several times with distilled water. After that, the obtained sam-
ples were pretreated and analyzed according to the procedure

described in Sections 2.3.3 and 2.3.2, at the same time, detected fol-
lowing the method of GB/T 5009.199-2003. The calibration curves
for methamidophos of the two methods are illustrated in Fig. 8. As
shown in Table 2, both of the proposed colorimetric assay and GB/T

Inhibition%= 0.50c + 0.09

In
hi

bi
tio

n%

1.51.00.50.0
0

20

40

60

80

Concentration/(μg/mL)  

colorimetric assay and enzyme inhibition rate of GB assay.
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Table  2
Comparison of analysis time, measured value, linear range, linear correlation coef-
ficient and detection limit for methamidophos using different methods.

Method The purposed
method

GB/T 5009.
199-2003

Analysis time (min) 30 30
Linear range (�g/mL) 0.02–1.42 0.05–1.50
Linear correlation coefficient (r) 0.9909 0.9868
Detection limit (�g/mL) 0.0014 0.018
Measured value of Chinese cabbage (�g/mL) 0.64 0.58
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Measured value of cowpea (�g/mL) 0.60 0.59
Measured value of Chinese leek (�g/mL) 0.69 0.60
Measured value of cucumber (�g/mL) 0.71 0.61

009.199-2003 method could be accomplished within 30 min  for
etection OPs. The obtained methamidophos content of the pol-

uted vegetables from the two methods is in good accordance. The
light difference might be attributed to the different conditions and
ssay procedures. In addition, the proposed colorimetric assay has

 lower detection limit and much higher sensitivity. Thus, the pro-
osed method is credible for OPs detection and could be applied to
apid screening of OPs in real sample.

Similar to other biosensors including GB/T 5009.199-2003,
hich are based on the enzyme inhibition action of OPs on

holinesterases, the proposed colorimetric assay supplies the total
mount of OPs in samples, and at this stage, is not capable to dis-
inguish the different kinds of OPs. Due to the different inhibition
ffect of every OP on the same AChE, the sensor might show dif-
erent response characteristic in presence of different type of OPs.
herefore, the simultaneous presence of various OPs in contami-
ated samples provides a challenge for the application for purely
egulatory purposes where a specific analyte must be determined
ith a prescribed accuracy. Nevertheless, many advantages pro-

ided by the established sensor, such as easy sample pretreatment,
apid and visual analysis, high sensitivity, and low cost, could facil-
tate future development of rapid, high-throughput screening of
Ps residues. This novel nano-biosensor might be used as an alarm

ystem on-line and on site, which would provide either quantifica-
ion of one contaminant when this analyte is present alone or an
ndication of total contamination of particular samples.

.  Conclusions

In summary, a sensitive, rapid and simple visual assay to detect
Ps has been developed using citrate-coated AuNPs as colorimetric
robe. AChE-catalyzed hydrolysis of acetylthiocholine into thio-
holine, leading to the aggregation of AuNPs with spectral and color
hanges, which could be hindered by OPs due to their inhibition on
ChE activity. Taking methamidophos as the representative pes-

icide, the visual detection of OPs in vegetables using AuNPs as
olorimetric probe has been achieved with satisfactory results. The
hole analysis could be accomplished within 30 min, which can
eet the needs for on-site rapid monitoring of trace OPs in veg-

tables. The proposed assay for OPs can be observed by the naked
yes and measured by UV–vis spectrophotometer, therefore no
ophisticated instruments are required for the assay. The possible

isadvantage of this biosensor is that it cannot distinguish different
inds of OPs and thus lacks enough selectivity. Nevertheless, many
dvantages provided by the established sensor, such as easy sample
retreatment, rapid and visual analysis, high sensitivity, and low

[

[
[

 (2011) 93– 99 99

cost,  could facilitate future development of rapid, high-throughput
screening of OPs residues.
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