
A
i

K
a

b

c

a

A
R
R
A
A

K
A
P
F
Q

1

p
m
t
i
n
t
y
a
t
[
A

t
s
(
[

(

0
d

Talanta 84 (2011) 400–405

Contents lists available at ScienceDirect

Talanta

journa l homepage: www.e lsev ier .com/ locate / ta lanta

sensitive enzymatic method for paraoxon detection based on enzyme
nhibition and fluorescence quenching

uikui Wangc, Lei Wangb,∗∗, Wei Jianga,∗, Jingtian Huc

School of Chemistry and Chemical Engineering, Shandong University, 250100 Jinan, PR China
School of Pharmacy, Shandong University, 250012 Jinan, PR China
Environment Research Institute, Shandong University, 250100 Jinan, PR China

r t i c l e i n f o

rticle history:
eceived 6 November 2010
eceived in revised form 6 January 2011
ccepted 16 January 2011
vailable online 26 January 2011

eywords:

a b s t r a c t

A sensitive and selective method for the paraoxon detection based on enzyme inhibition and flu-
orescence quenching was presented in this study. Under the catalytic effect of acetylcholinesterase
(AChE), acetylthiocholine (ATCh) hydrolysis released thiocholine (TCh) which could react with N-(7-
dimethylamino-4-methylcoumarin-3-yl) maleimide (DACM) to produce a blue fluorescence compound.
Subsequently, AChE catalytic activity was inhibited with the addition of paraoxon, which caused TCh
decreased, leading to a significant decrease of the blue fluorescent compound. Meanwhile, p-nitrophenol,
the hydrolysis product of paraoxon, would lead to a quenching of the fluorescence. Therefore, fluorescence
cetylcholinesterase
araoxon
luorescence
uantitative detection

intensity of the system would decrease dramatically by a combined effect of enzyme inhibition and flu-
orescence quenching. Under optimal experimental conditions, an excellent linear relationship between
the decrease of fluorescence intensity and paraoxon concentration over the range from 5.5 × 10−12 to
1.8 × 10−10 mol L−1 was obtained. Fluorescence background caused by nonenzymatic hydrolysis of ATCh
or other matters was relatively low, the proposed approach offered adequate sensitivity for the detection

2 mol
of paraoxon at 3.5 × 10−1

. Introduction

Organophosphorus compounds (OP) have been widely used as
esticides and chemical warfare agents [1,2]. They are toxic to
ammals, especially when ingested, inhaled, or absorbed through

he skin. As a matter of fact, OP compounds are irreversible
nhibitors of well-known esterase phosphorylation in the central
erve system. The primary enzyme inhibited by OP compounds is
he acetylcholinesterase (AChE) [3,4]. AChE can catalyze the hydrol-
sis of acetylcholine (ACh), when the AChE activity is inhibited, the
ccumulation of ACh results in transmitting nerve impulses frustra-
ion, leading to serious health problems or even ultimately death
5,6]. Paraoxon is a typical OP compound, which can inhibit the
ChE activity [7,8].

Numerous analytical methods have been used for the detec-

ion of OP compounds [9], including gas chromatography–mass
pectrum (GC–MS) [10], high performance liquid chromatography
HPLC) [11–13], electrochemical method [14,15] and immunoassay
16,17]. GC–MS, HPLC and electrical techniques are all sensitive and

∗ Corresponding author. Tel.: +86 531 88363888; fax: +86 531 88564464.
∗∗ Corresponding author. Tel.: +86 531 88382330.

E-mail addresses: wangl-sdu@sdu.edu.cn (L. Wang), wjiang@sdu.edu.cn
W. Jiang).

039-9140/$ – see front matter © 2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.talanta.2011.01.056
L−1.
© 2011 Elsevier B.V. All rights reserved.

reliable methods, however, they are time-consuming and expen-
sive. Immunoassay is an effective method with high sensitivity,
selectivity and reproducibility, but it needs corresponding antibody
[17,18]. It is believed that enzymatic bioassay has the ability to
overcome these problems [19]. Leblanc and co-workers used enzy-
matic bioassay to detect paraoxon and achieved a detection limit
of 5 × 10−9 mol L−1 [20].

AChE can also catalyze the hydrolysis of acetylthiocholine
(ATCh), and produce thiocholine (TCh). By binding to OP
compounds, AChE is irreversibly inhibited and forms the phos-
phorylated and unreactive enzyme. It can be utilized in bioassay if
AChE can present the qualitative or quantitative data regarding to
the hydrolysis reaction of OP compounds [21,22]. Liu and Lin self-
assembled AChE on carbon nanotubes and detected paraoxon on
the basis of enzyme inhibition, obtained a comparable result which
was similar to that obtained with BChE biosensors [23]. Arduini
et al. quantified anticholinesterase pesticides based on the lost
enzymatic activity measurement after exposure to OP compounds
[24]. Both results demonstrated an easiness of preparation together
with high sensitivity and potentialities for pesticide measurement.
Fluorescent probes are often utilized to detect low concen-
trations of single analyte and individual component of complex
systems, which display good sensitivity and selectivity [25].
Upon photoexcitation, coumarin derivatives display high fluores-
cence quantum yield in the blue-green region. The fluorescence
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roperties of coumarin derivatives could be used to investigate
nzymatic process [26]. N-(7-dimethylamino-4-methylcoumarin-
-yl) maleimide (DACM) is a thiol reactive dialkylcoumarin, which
an produce intensive blue-fluorescence compounds when it reacts
ith sulfhydryl compounds. Fluorescence emission of the DACM

onjugates is moderately sensitive to environment [27–29]. In
ddition, the emission spectrum of DACM (477 nm) can overlap
ith the absorbance spectrum of the p-nitrophenol (pNP, 400 nm),
hich would lead to fluorescence resonance energy transfer (FRET)

nd quench the coumarin emission [30]. In a recent study, FRET
etween pNP and coumarin was utilized for the detection of low
oncentrations of paraoxon [25].

On the basis of enzyme inhibition and fluorescence quench-
ng, a sensitive method for the paraoxon detection was presented
ere. Briefly, the study was achieved via two step fluorescence
ecrease. The first step was attributed to the effect of paraoxon
hich could irreversibly inhibit the catalytic activity of AChE, lead-

ng to the blue fluorescent compound decreasing accordingly; the
econd step was attributed to the effect of pNP which could cause
RET phenomenon, leading to a fluorescence quenching. Under
he dual effects of enzyme inhibition and fluorescence quenching,
araoxon was detected without separating from the solution and
he detection limit was 3.5 × 10−12 mol L−1.

. Experimental

.1. Reagents and materials

The acetylcholinesterase (AChE, from electrophorus electri-
us) and acetylthiocholine chloride (ATCh) were purchased from
igma–Aldrich. DACM was purchased from Anaspec. Paraoxon
100 mg L−1, acetone solution) was purchased from China Standard
echnology Development Corporation.

PBS buffer solution (pH 8.5, 1.0 × 10−2 mol L−1) was pre-
ared by dissolving 3.4 g Na2HPO4·12H2O (99.0%), 8.0 × 10−2 g
aH2PO4·2H2O (99.0%) and 0.85 g NaCl (99.5%) and then diluting

o 100 mL with water.
Tris–HCl buffer solution (pH 7.5, 2.0 × 10−2 mol L−1) was pre-

ared by dissolving 0.24 g Tris (trihydroxymethyl aminomethane)
99.5%) in 100 mL water and then adjusting pH to 7.5 with HCl.

All other chemicals were of analytical grade and the solvents
ere purified using a MilliQ apparatus.

.2. Apparatus

All the fluorescence measurements were performed on a Hitachi
-4500 spectrofluorimeter (Hitachi, Japan).

All absorption spectra were measured on a UV-2500PC spec-
rophotometer (Shimadzu, Japan).

The pH was measured on a Lei Ci PHS-3C pH-meter (Shanghai,
hina).

.3. Methods

Paraoxon solutions were diluted with the PBS buffer (pH 8.5)
nd mixed in the Tris–HCl buffer (pH 7.5) to AChE solution of
.0 × 10−10 mol L−1 and paraoxon of 2.0 × 10−10 mol L−1. The mix-
ure was incubated at 37 ◦C for 60 min. Then ATCh and DACM were
dded to a level of 7.4 × 10−7 mol L−1 and 4.5 × 10−6 mol L−1, sub-
equently incubated for 60 min at 37 ◦C. Fluorescence spectra were
easured with excitation and emission slit width of 10 nm. The
mission spectra were obtained by setting the excitation wave-
ength at 390 nm and recording the emission wavelength from
20 nm to 600 nm.

The fluorescence spectra of the blank solutions were measured
nder the same conditions.
4 (2011) 400–405 401

3. Results and discussion

3.1. The fluorescence spectra and UV–visible absorption spectra
of the system

The fluorescence properties of different solutions were stud-
ied to observe the enzyme inhibition of paraoxon and fluorescence
quenching of pNP. Fig. 1 illustrated the reaction scheme of the pro-
cess, which was briefly described as follows. Firstly, the hydrolysis
of ATCh by AChE, acetate and TCh were produced. Then a blue flu-
orescence product was formed as a result of the reaction of TCh
and DACM. Enzymatic activity was inhibited and pNP was formed
with the addition of paraoxon [24]. The product (pNP) would lead
to fluorescence quenching of the compound TCh-DACM, resulting
in a further fluorescence decrease of the fluorescence system [25].

To verify the occurrence of enzyme inhibition and fluorescence
quenching effects in the system, the fluorescence spectra different
systems were studied. Fig. 2 showed the fluorescence spectra of
different systems. Curve 1, 2 and 3 were the fluorescence spec-
tra of DACM, ATCh-DACM and AChE-DACM, respectively. When
the system only included DACM, ATCh-DACM or AChE-DACM,
the fluorescence intensity was low, which showed low fluores-
cence background [27]. Curve 4 and curve 6 corresponded to the
fluorescence spectra of AChE-ATCh-DACM and AChE-paraoxon-
ATCh-DACM, respectively. The respective chemicals in different
systems were at same concentrations. As illustrated in Fig. 2,
when AChE, ATCh and DACM existed together, the intense fluo-
rescence signal was generated. By comparing curve 4 with DACM,
ATCh-DACM and AChE-DACM systems (curve 1, 2 and 3), it was
obvious that the intense fluorescence signal was produced due to
the reaction between TCh (hydrolysis product of ATCh) and DACM.
However, compared with curve 4, the fluorescence signal of curve 6
was weaken when paraoxon was added into the system. The result
indicated that the addition of paraoxon led to the fluorescence
signal decrease, which was a direct proof that enzyme inhibition
occurred in the AChE-paraoxon-ATCh-DACM system [24].

Curve 5 was the fluorescence spectrum of AChE-ATCh-
DACM-pNP system. By comparison with curve 4 (AChE-ATCh-
DACM system), it was found that, at an adding dosage of
1.5 × 10−10 mol L−1 pNP, the fluorescence intensity decreased. The
concentrations of paraoxon and AChE were 2.0 × 10−10 mol L−1 and
9.0 × 10−10 mol L−1, which could produce ∼10−10 mol L−1 pNP, so
1.5 × 10−10 mol L−1 was chosen for pNP. That demonstrated pNP
could lead to the fluorescence signal quenching [25]. However,
the fluorescence intensity of curve 5 was higher than curve 6
(AChE-paraoxon-ATCh-DACM system). The relative decrease in the
fluorescence intensity at the second effect of fluorescence quench-
ing by pNP was less than that obtained at the first effect of enzyme
inhibition by paraoxon. It was concluded that both paraoxon and
pNP could make fluorescence signal decreased, and the main effect
was caused by paraoxon. As mentioned above, the fluorescence
quenching would play a role in fluorescence decrease after enzyme
inhibition effect. Therefore, after paraoxon inhibiting enzyme activ-
ity and producing pNP, pNP could lead to a larger quenching in the
determination.

Further studies are required to confirm that both enzyme inhibi-
tion and fluorescence quenching effect occurred in studied system.
UV–visible absorption spectra of AChE solutions were measured
in paraoxon solutions at different concentrations (Fig. 3). Fig. 3
showed spectrum of the paraoxon (curve 1) in aqueous solution
with an absorption band situated at 274 nm characteristic of the

single component paraoxon. Spectra 2 and 3 corresponded to the
absorption of paraoxon-AChE system with different AChE concen-
trations of 6.0 × 10−8 mol L−1 and 1.2 × 10−7 mol L−1, respectively.
There was only an absorption peak of paraoxon present (curve 1),
and a new band situated at 400 nm was observed when AChE was
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Fig. 1. Schematic illustration of the process: (A) ATCh hydrolysis b

dded into paraoxon solution (curve 2 and 3). As shown in Fig. 3,
he decrease of paraoxon absorption was paralleled by an increase
f the new absorption as AChE concentrations increasing. Curve
was the absorption spectrum of pNP, and the absorption maxi-
um of pNP was at 400 nm, which demonstrated the new products

f curve 2 and 3 were pNP. The symmetry between the decrease in
bsorbance at 274 nm and the increase in absorbance at 400 nm
as also a direct proof that paraoxon reacted with the AChE. It
as demonstrated that a similar amount of pNP was produced. As

llustrated from the spectra, no other effects were involved in the
eaction process.

An isosbestic point at 307 nm was observed in Fig. 3, which
uggested the coexistence of paraoxon and pNP, and no other inter-
ediates were involved in the reaction. The effect of the isosbestic

oint demonstrated the total concentration of paraoxon and pNP
as a constant [20]. And it was also observed that when paraoxon

oncentration was decreased, there was an increase in pNP concen-
ration. Furthermore, the molar absorptivity of paraoxon and pNP
as balanced at 307 nm. It was concluded that paraoxon could lead

o enzyme inhibition and the reaction of paraoxon with AChE pro-
uced pNP, which would be detected by the fluorescence method.
.2. Effect of DACM concentration

DACM was employed to generate intensive fluorescence signal
ith TCh in this study. The reaction between DACM and TCh was

n irreversible interaction with rapid binding kinetics, which would

ig. 2. Fluorescence spectra of the system: (1) DACM, (2) ATCh-DACM,
3) AChE-DACM, (4) AChE-ATCh-DACM, (5) AChE-ATCh-DACM-pNP, (6) AChE-
araoxon-ATCh-DACM. The concentrations of AChE, ATCh, DACM, paraoxon and pNP
ere 9.0 × 10−10 mol L−1, 7.4 × 10−7 mol L−1, 4.5 × 10−6 mol L−1, 2.0 × 10−10 mol L−1

nd 1.5 × 10−10 mol L−1, pH 8.5.
E, (B) TCh labeling with DACM, (C) paraoxon reacting with AChE.

produce stable DACM-TCh complex [26]. In order to get the intense
and stable fluorescence signal, the effect of different DACM concen-
trations from 4.5 × 10−7 mol L−1 to 9.0 × 10−6 mol L−1 was studied.
DACM concentration was investigated using �F = (F1 − F0) as stan-
dard. F1 and F0 were the fluorescence intensity of the system when
paraoxon was absent and present, respectively. Hence, �F could
display the effect of DACM concentration on the fluorescent system.
As shown in Fig. S1 in Supporting Information, �F increased with
the DACM concentration below 3.3 × 10−6 mol L−1 and changed
little from 3.3 × 10−6 mol L−1 to 6.0 × 10−6 mol L−1. However, �F
decreased with the concentration above 6.0 × 10−6 mol L−1. A pos-
sible reason was that, when lower than 3.3 × 10−6 mol L−1, DACM
was not enough to react with all TCh. When DACM concentration
was up to 3.3 × 10−6 mol L−1, all TCh was saturated with the DACM,
and any more DACM added to the solution could not affect �F.
Therefore, �F was kept relatively stable. Finally, a DACM concentra-
tion of 5.0 × 10−6 mol L−1 was selected in this assay. The effect of the
DACM concentration on �F could further prove that the changes
of the fluorescence signal were due to the combination of TCh and
DACM.

3.3. Effect of pH

For the fluorescence intensity of analysis system and the activity
of free enzyme, the pH profiles share the similar trend [31]. There

was no obvious pH change during the experiment process, which
demonstrated that the observed pH dependence of the sensor
response was due to the pH dependence of the enzyme activity and
TCh-DACM conjunction. The best pH condition for AChE enzyme

Fig. 3. UV–visible absorption spectra of the different systems. (1) Paraoxon
6.0 × 10−7 mol L−1, (2) paraoxon 6.0 × 10−7 mol L−1-AChE 6.0 × 10−8 mol L−1, (3)
paraoxon 6.0 × 10−7 mol L−1-AChE 1.2 × 10−7 mol L−1, (4) pNP 1.7 × 10−7 mol L−1, pH
8.5.
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Table 1
Effects of conceivable interference on the determination of paraoxon
(1.0 × 10−10 mol L−1).

Substances Tolerable
concentration
(mol L−1)

Molar
ratio

�F%

NaCl 1.0 × 10−3 107 −1.3
CuSO4 1.0 × 10−5 105 1.8
ZnSO4 1.0 × 10−5 105 −1.2
Cd(NO3)3 1.0 × 10−5 105 −1.6
NaF 1.0 × 10−5 105 0.9
Ca(NO3)2 1.0 × 10−5 105 0.7
Glucose 1.0 × 10−6 104 −2.4
Galactose 1.0 × 10−6 104 −2.7
Sodium acetate 1.0 × 10−6 104 4.2
Sodium citrate 1.0 × 10−6 104 2.2
Glycerol 1.0 × 10−6 104 −1.9
Dicofol 1.0 × 10−8 100 −5.0
Lindane 1.0 × 10−8 100 −4.9
Fluoroacetamide 2.0 × 10−8 200 4.9
2,4,4′-trichlorobiphenyl 4.0 × 10−8 400 −4.9
2,2′ ,5,5′-tetrachlorobenzidine 5.0 × 10−8 500 4.9
2-nitrophenol 7.0 × 10−8 700 −4.9

magnitude lower than that were observed in conventional meth-
ods [16,35]. In summary, these results provide evidence that this
detection method can work well for paraoxon determination. More
importantly, the detection limit is comparable to or better than
the values for other AChE inhibition-based biosensors [20,25]. This
K. Wang et al. / Tal

atalysis is close to 8.0 [32], and DACM is more stable in the alka-
ine environment or else it would decompose. The optimal reacting
ondition for DACM with sulfhydryl groups was also in alkaline
nvironment [33], so the pH value was optimized from 7.0 to 11.
s shown in Fig. S2 in Supporting Information, the optimal pH con-
ition was between 8.0 and 9.0. The possible reason was that, as the
H value increased from 7.0 to 8.5, the enzyme activity raised and
ACM was more stable to react with TCh, leading to the increasing
uorescence intensity. However, the enzyme activity decreased as
he pH value continued to increase to more than 8.5. The fluores-
ence intensity reached the maximum and more stable during this
ange, therefore, pH 8.5 was chosen in the study.

.4. Effect of reaction time of paraoxon and AChE

The reaction time between paraoxon and AChE was also a fac-
or influencing the fluorescence intensity of systems, experiments
uggested that time plays an important role in the enzyme inhi-
ition effect and fluorescence quenching effect [23,24]. Therefore,
he effect of different paraoxon incubation time on �F was also
tudied under optimal conditions as mentioned above. As shown
n Fig. S3 in Supporting Information, fluorescence signal increased

ith the increase of reaction time within 60 min, but the signal
emained invariant when reaction time was longer than 60 min. The
ossible reason was that, as the time increased within 60 min, the

nhibition effect strengthened and the generating pNP increased,
eading to the enhancement of the quenching effect. The reaction
ime required 60–90 min to acquire the best result, therefore, flu-
rescence intensity was maintained at a stable level. After 90 min,
ChE activity was almost inhibited completely and the free remain-
er of AChE was inactivated as the increase of time, so there was no
eed to study after 90 min. Finally, 75 min was chosen for reaction
ime in the assay.

.5. Effect of interfering substances

Two different experiments were carried out to evaluate the
ossible interference effect due to the common presence of sub-
tances in the sample. In the first experiment, 1.0 × 10−10 mol L−1

araoxon was added into AChE solution, after the incubation time,
TCh and DACM were added to measure the fluorescence inten-
ity. In a second experiment, in the other hand, the substrate was
dded into the same paraoxon containing the interference specie
hich belonging to different groups, such as inorganic ions, deter-

ents, organic pesticides, PCB, nitrophenol, carbon compounds and
rganic acids. In this case, concentrations used for different groups
re those reported as the maximum admissible value for wastew-
ter [34].

In the change of relative fluorescence intensity (�F%), a rel-
tive error of ±5.0% was considered to be tolerable. As shown
n Table 1, various common salts such as NaCl, CuSO4, ZnSO4,
d(NO3)3, NaF and Ca(NO3)2 are allowed to be present at high tol-
rable molar ratios (>105). The similar result was also observed
or glucose, galactose, sodium acetate, sodium citrate and glycerol
ith the tolerable molar ratios >104. The influences of organic chlo-

ine pesticide (dicofol and lindane) and organic fluorine pesticide
fluoroacetamide) were studied, which was observed that the tol-
rable molar ratios for these possible interferents were higher than
00.

The tolerances to 2,2′,5,5′-tetrachlorobenzidine and 2,4,4′-
richlorobiphenyl were higher, 2-nitrophenol and 3-nitrophenol

ere also tested that the tolerable molar ratios were higher than

00. However, detergents were tested as possible interfering specie
s shown in Table 1, because both trictylphosphine oxide (TOPO)
nd sodium dodecyl sulfate (SDS) could influence enzymatic activ-
ty.
3-nitrophenol 1.0 × 10−7 1000 −4.8
Trictylphosphine oxide (TOPO) 5.0 × 10−9 50 −4.6
Sodium dodecyl sulfate (SDS) 6.0 × 10−9 60 −4.7

It was found that there was little interference from commonly
existed substances of different groups except detergents. Thus, the
new sensitive fluorometric method displays high selectivity for the
determination of paraoxon.

3.6. Calibration curve and detection limit

Under optimized conditions described above, it was found that
the fluorescence system produced sensitive and selective responses
to varying paraoxon concentrations. Over the concentration range
from 5.5 × 10−12 mol L−1 to 1.8 × 10−10 mol L−1, an excellent lin-
ear relationship between �F and paraoxon concentration was
observed in Fig. 4. The linear regression equation was determined
to be Y = 8.70 × 103–1.31 × 1013 X (r = 0.9974). The detection limit
of this assay was 3.5 × 10−12 mol L−1, which was 2–3 orders of
Fig. 4. Linear relationship between fluorescence intensity and the concentration of
paraoxon. The concentrations of AChE, ATCh and DACM were 9.0 × 10−10 mol L−1,
7.4 × 10−7 mol L−1 and 4.5 × 10−6 mol L−1, pH 8.5.
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Table 2
Recovery studies of spiked practical water samples (n = 5).

Sample Added
(10−11 mol L−1)

Found
(10−11 mol L−1)

Recovery (%) R.S.D. (%)

Tap water 1 1.5 1.4 93.7 2.2
3.0 3.1 103.3 2.5
6.0 6.5 108.3 3.2

Tap water 2 1.5 1.6 106.7 0.6
3.0 3.3 110.0 1.0
6.0 6.1 101.7 1.4

Lake water 1 3.0 2.9 103.5 1.3
6.0 5.7 95.0 2.5
9.0 8.7 96.7 3.1
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Lake water 2 3.0 3.1 103.3 1.6
6.0 5.7 97.0 2.3
9.0 9.5 105.6 2.8

hould make the biosensor an ideal analytical tool for sensitive
etection of organophosphates in the environment without any
ample preconcentration.

.7. Sample analyses and the recovery

To monitor the accuracy of an analytical method, spike recov-
ry is a useful tool. Recovery less than 100% indicates the measured
alues for a matrix are lower than the nominal value of the spike,
therwise higher than the nominal value of the spike [36]. The vari-
bility was low if there were no interferences or matrix effects, so
recovery close to 100% was expected.

Four samples, two tap water samples and the other two water
amples from natural lakes, were filtered through a 0.22 �m mem-
rane and the pH was adjusted to 8.5. After simple pretreatment,
ifferent concentrations of paraoxon were added to study the
ecovery under the optimal conditions.

The average recovery of the experiments at each level must be
n the range of 70–120%, with a variation coefficient of ±20% to
ulfill the standards [34]. In this study, about 1.5 × 10−11 mol L−1,
.0 × 10−11 mol L−1 and 6.0 × 10−11 mol L−1 paraoxon were added

nto tap water samples, 3.0 × 10−11 mol L−1, 6.0 × 10−11 mol L−1

nd 9.0 × 10−11 mol L−1 paraoxon were added into lake water sam-
les. Table 2 showed the results obtained by analysis of these spiked
amples. The recoveries of tap water 1, 2 and lake water 1, 2 were
bserved in the range of 93.7–108.3%, which demonstrated low
atrix effect on the fluorescence signal. The low relative stan-

ard deviations for paraoxon demonstrated the high precision of
nalysis. Additionally, a very low relative standard deviation of 5%
n = 5) in the response of four samples demonstrated an excellent
eproducibility of the enzymatic method.

And the result revealed that it was an applicable method for
rganophosphate pesticide-contaminated environmental samples.
he high sensitivity combined with excellent selectivity, direct
etermination, simple and single-step protocol and low cost are
he many advantages of the newly developed sensor. In contrast
o other biosensors, the present assay did not require sample
nrichment of OP compounds from real samples [37,38]. While the
pplicability of the biosensor has been illustrated for paraoxon, it
ill also be valid for other pNP-substituted OP pesticides.

. Conclusions
This paper established a photochemical fluorimetric paraoxon
etection method based on enzyme inhibition and fluorescence
uenching. The method offered several significant advantages
ompared with other methods reported. Firstly, the strategy
mployed DACM to produce the fluorescent signal. Therefore,

[

[
[

4 (2011) 400–405

the background emission was relatively low. Secondly, fluores-
cence signal decreased when paraoxon was added, and paraoxon
could be detected without separating from the solution. Further-
more, the detection limit of the method was low, so it could
be used to detect paraoxon sensitively. Finally, this method has
been successfully applied for the determination of paraoxon in
practical water samples with minimal sample pretreatment. This
method achieved quantitative determination of paraoxon rang-
ing from 5.5 × 10−12 mol L−1 to 1.8 × 10−10 mol L−1, and provided
a detection limit of 3.5 × 10−12 mol L−1, which is comparable
to the previously reported enzymatic analysis for paraoxon
detection. Enzymatic method based on enzyme inhibition and
fluorescence quenching is also useful to detect other OP com-
pounds.
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