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Abstract

A mediator-free amperometric biosensor for screening organophosphorus pesticides (OPs) in flow-injection analysis (FIA) system based on
anticholinesterase activity of OPs to immobilized acetylcholinesterase enzyme (AChE) has been developed. The enzyme biosensor is preparec
by entrapping AChE in AlO; sol—gel matrix screen-printed on an integrated 3-electrode plastic chip. This strategy is found not only increase
the stability of the embedded AChE, but also effectively catalyze the oxidative reaction of thiocholine, makingQkeASIhE biosensor
detects the substrate at 0.25 V (versus Ag/AgCl), hundreds mini-volt lower than other reported mediator-free one®;FAEAE biosensor
is thus coupled to FIA system to build up a simple and low-cost FIA-EC system for screening OPs in real samples. A wide linear inhibition
response for dichlorvos, typical OP, is observed in the range of 0 AM3@orresponding to 7.91-84.94% inhibition for AChE. The detection
limit for dichlorvos is achieved at 10 nM in the simulated seawater for 15 min inhibiting time, which allows the biosensor quantitatively detects
the ecotoxicological effect of the real samples from the seaports in eastern China, where the OPs pollution is confirmed by GC-MS.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction electrodes (SPE) have shown satisfied results for real sam-
ples analysi§l3-25], in which the anticholinesterase activity

Organophosphorus pesticides (OPs), known as a typicalis employed as an indicator of quantitative measurement

enzyme inhibitor, have been widely used for decades in agri- of OPs. The relevant reaction is described as in Efjs.

culture, medicine, industry and even as chemical warfare and(2).

agents in military practice. Meanwhile, global attention has

been paid on the problems caused by OPs in environmen-Acetylthiocholine+ HZOﬂEthiocholine+ aceticacid (1)

tal surveillance and protection. The methodology optimiza-

tion study for the detection of OPs is thus quite crucial for i . anodic oxidation.. - . ) ) N 3
analytical researchers, especially when the maneuverability2Thiocholine dithio — bischoline+ 2H™ + 2e
and the cost of the analytical system are taken into account 2
[1-12].

Electrochemistry affords high sensitivity, simple sample The amperometric response of the AChE biosensors, i.e.
treatment, inexpensive instrument, and easily operation pro-the anodic oxidation current resulting from the thiocholine
cedure, andis anideal analytical technique for in situ analysis. (TCh) formed in the enzymatic hydromantic hydrolysis of
Amperometric AChE biosensors based on the inhibition of acetylthiocholine (ATCh), is inversely proportional to the
acetylcholinesterase enzyme (AChE) using screen-printedconcentration of OPs in samples, and the exposed time as

well. To optimize the performance of the amperometric AChE
* Corresponding author. Tel.: +86 2165642138; fax: +86 21 65641740, biosensors, various mediators, like cobalt phthalocyanine
E-mail address: jlkong@fudan.edu.cn (J. Kong). (CoPCQ)[15], 7,7,8,8-tetracyanoquinodimethaji®—18,25]
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and Prussian BIuHQ] or [Fe(Cl_\lb]3* [20], have been us_ed . lnsulatilng layer Working electrode
to decrease the applied potentials for the electrocatalytic oxi- | ‘

dation of thiocholine for the detection of OPs. Undoubtedly, PET chip — Eﬁ* Counter electrode
the use of the mediators increases the selectivity and sensitiv- T

ity for sensing OPs in real samples; however, it also involves Reference Electrode

the interference caused by the added chemicals. So, mediator-_ he i e dth ted el g )

free biosensor[;Zl—24]have been developed to increase the Fig.1. The |agramo the integrated three screen-printed electrodes. Diam-
. . ] eter of the working electrode and the counter electrode are 4 mm and 10 mm,

SIN ratio and decrease the interference. The matrix for the e eciively.

immobilization of enzymes in such mediator-free biosensors

is considered as a key factor to promote the direct electron China). All of other chemicals were analytical grade and

transfer (ET) between the enzyme and the electrode, andyere ysed without further purification. Buffer solutions

to maintain the bioactivity of the enzyme in films as well. | ,5aq in experiments were prepared with doubly distilled
Al203 sol-gel has been proved as an ideal one to couple,,aiar.

with enzymes not only due to its hydrophilicity necessarily
for the retention of the tertiary structure of the enzyme and
subsequent enzyme stability, but also due to its efficiency as
a promoter of direct ET26]. In our previous work, AIO3

sol-gel has been successively used to encapsulate tyrosine Befor: C;cr(;etin-prllglng, th? Ag((:jl F;a”'lc'? Waf] pre_par(;ed:
[26] or antibody to sensitively detect phenols or liver fibro- excess (0.1 molL") was titrated slowly into the stirre

—1 . .
sis markerg27]. So, in this work, A}O3 sol—gel is adopted ?I.l mo(;L dA.gNOS socljutloré. ThGer_1 tcTedA:Ag\;CCI’Idepo_s:t was
to immobilize AChE, and thus a novel mediator-free screen- |trat(:h an h'r(‘)cg ate tohry. rine ed thg pakﬁlc e,t(ﬁ?ﬁ
printed amperometric biosensor coupled with flow-injection pass through 0.2mm mesh) was mixed thoroughly wi €

analysis (FIA) system for detection of OPs is developed. silver printing ink (1/1 to g/g).

The simple low cost self-made screen-printed electrodes cov—t ;jl’he ch_reeln-prlnt(-zfd ; I.e cttro(;jes ¥V'|t|h |nt§?rz71ttledt;hree (ta)lec-
ered with an enzymatic AD3 gel membrane are built in rodes (Fig. 1) were fabricated as follows: firstly, the carbon

a homemade flow cell, and the facility of the system has ink was printed through the mesh to the PET support to form

been evaluated by monitoring the inhibition response to OPS:hedcondu(;:t;Eg Iayertand Ialsto t(;) work gsﬂ:he \_/;/orkm% ?Izc't
in simulated sea water (prepared by Mocledon prescription) {gooeé ?n 15 € _couSn er edTC rﬁ ez, /T cl .erll it was ¢ rled a
and other real samples, comparing with the results analyzed or 15min. Secondly, t € AQIAGLT Ik was printe

by GC-MS. The AlO3 sol-gel based AChE biosensor is  °" the reference electrodes position, and then dried &t@20

found to effectively catalyze the oxidative reaction of thio- fﬁr 45min. Lk‘?‘Stly’ tdhe msulat(ljng !nk was prlr;t(;d tgpclé) ver d
choline with no loss of the sensitivity and minimization of the the hon-working and non-con ucting region of the rE, an
then it was dried under the UV lamp for 5h. By using this

2.2. Fabrication of the screen-printed AChE biosensors

interference. procedure, batch production of SPE with low cost and stable
quality were prepared.
Al,0O3 sol—-gel was prepared as literat(i2é]. The AChE
2. Experimental was immobilized by casting a JL droplet of AChE
(0.5 U/p.Lin AloO3 sol) onto the screen-printed carbon work-
2.1. Apparatus and reagents ing electrode surface. The enzymatic membrane was subse-

quently gelatinized completely in the refrigerator () for
Electrochemical measurements were performed with 24N. All the prepared AChE-AD3-SPE biosensors were
CHI-1030 electrochemical workstation (Chenghua Instru- Stored in buffer solution (pH 8.0, 0.1 mot £ phosphate con-
mental Co., Shanghai, China). The FIA system was cou- faining 0.1 mol L1 KCl) in the refrigerator (4C) before use.
pled with a periststic pump (Baoding Longer, Hebei, China),
7725 injection valve (Rheodyne, USA) and a self-made flow 2.3. The flow-injection analysis (FIA) system
cell. Asemiautomatic screen-printer (Guixing Co., Shanghai,
China) was used for fabricating the screen-printed electrodes. The flow injection cell was constructed with two Perspex
Purified acetylcholinesterase (AChE, VI-S, 244 1U/mg), and asilicone rubber gasket to ensure the cell was watertight.
acetylthiocholine (ATCh) chloride, dichlorvos (2,2- The screen-printed electrode was placed tightly between the
dichlorovinyl dimethyl phosphate), trichlorfon([2,2,2- silicone rubber gasket and the back Perspex. There was an
trichloro-1-hydroxyethyl]-phosphonic acid dimethyl ester), empty circle at the silicone rubber gasket just on the SPE
rogor (dimethoate),0-dimethyl-S-methylcarbamoylmethyl  region to act as the flow cell. The inlet and outlet for carrying
phosphorodithioate), malathion (carboffsl,2-bis(ethoxy- solutions were just at the two opposite end of the cell to
carbonyl)ethyl-0,0-dimethyl phosphoro-dithoate) were minimize the dead volume. The total volume of the flow cell
purchased from Sigma-Aldrich. Carbon, silver and insulat- was approximately 10QL. The injection loop of the valve
ing inks were obtained from Baoying Company (Shanghai, in FIA was 20u.L.
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2.4. Measurement procedures

OPs determination was carried out as follows: the ini-
tial amperometric response dApeak area of the oxi-
dation current) to 1 mmolt! acetylthiocholine (ATCh)
chloride was measured in the working buffer (pH 8.0,
0.1 mol L~ phosphate in 0.1 molt! KCI) stream; then
20pL OPs sample was injected into the flow cell and
stopped to let the biosensor incubated with the OPs for
5 min. Then the amperometric response to 1 mmadlATCh
(A;) was measured again. Thus the inhibition percét) (
was CaICUIa_ted as the quatldr_(.%) = (Ao _Ai)/AO x 100. Fig. 3. Peak area via potential and signal/blank value-potential curves of the
Total four kinds of OPs, i.e. dichlorvos, trichlorfon, rogor piosensors obtained under batch condition with (a) blank SPE immobilized
and malathion, were tested in this work. Among them, with Al,03 sol—gel; (b) AChE biosensor. Flow rate: 0.347 mL/min, ATCh
dichlorvos showed the highest inhibition effect to AChE, concentration: 1mM.
and thus was chosen as a model for the others experi-

ments. All measurements were performed at room temper-
ature (about 25: ZOC) The real Samples were obtalned current Compal’ed to that Of the bare SPE When the ATCh

from the Beilun Seaport and the branch rivers of Yangtze- Substrate was added, the oxidative current of th€4-SPE
jiang River at Ninbo, Zhejiang province located in Eastern changed dramatically, being obviously larger than those of
China. All the samples were filtered with 0.2 filter as the bare SPE. This resultindicates that the@klsol-gel can

soon as possible and stored atGt before use to avoid  effectively catalyze the oxidative reaction of thiocholine. A
degradation. similar phenomenon was also observed in our previous work

using AbOs sol—gel tyrosinase biosensors to detect phenols
[26].

Amperometric responses of the AChE-8—-SPE
biosensors at different potentials were tested in FIA-EC sys-
3.1. Catalytic effect and promoted electron transfer for tem as shown irFig. 3. It can be observed, in the range
Al,O3-SPE from 0.0V to 0.4V (versus Ag/AgCl), that the responses
for AChE-AlLO3—SPE were much larger than those of the
control, indicating that the AD3 sol-gel is beneficial to

by cyclic voltammetry (CV) in pH 8.0 buffer solution con- AChE immobilization and retains the activity of the AChE.

taining 51U AChE.Fig. 2 shows the cyclic voltammograms ~Meanwhile, a higher amperometric response with distinctly
of the bare SPE and the ADs—SPE to thiocholine. It can increased background current and noise was obtained when

the working potential was more positive than 0.3V. The
highest signal/blank ratio was obtained at 0.25V and it was
further selected as working potential. This working poten-
tial showed to be several hundreds mini voltages lower than
those obtained by other reported mediator-free amperometric
biosensors for OPs analysis and would be helpful to minimize
interferences from other coexisting electroactive impurities
[21-24].

The specific surface area, pore size distribution and polar-
ity of the Al,O3 sol—gel had a great influence on the perfor-
mance of the AChE-biosensor and on the hydrophilic and
positively charged porous ADs sol-gel matrix. In fact,
the Al/H,O ratio is the most important factor. The effect
of Al/H >0 ratio (mol/mol) on the biosensor response was
tested and the optimum ratio was found to be 1:100, higher
orlower ratio than this value leaded to poorer sensitivity of the
biosensor.

3. Results and discussions

The electrochemical behavior of ADs—SPE was tested

be observed that the AD3—SPE shows a lower background

) ) . . . 3.2. Kinetic characteristics of AChE-Al;O03—SPE in FIA
Fig. 2. Cyclic voltammograms of the thiocholine for bare SPE in buffer

solution containing 51U AChE (A1), adding 0.667 mmalLATCh (A2), o .
and for sol-gel immobilized SPE in buffer solution containing 51U AChE The kinetic response Of_ AChE—é(D;;—SPE in FIA Sys-
(B1), adding 0.667 mmol t*ATCh (B2). Scan rate: 0.1 V/s. tem was also tested to investigate the enzymatic activ-
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3.3. Probing OPs using AChE-Al,O3-SPE

The inhibition responses of OPs spiked into different sub-
strates to the AChE—-AD3—SPE were tested in FIA-EC
systemFig. 5gives the inhibition results in simulated seawa-
ter, the detailed calibration characteristics of inhibition results
in simulated seawater and the others are showddalote 1.

It can be seen that when dichlorvos is present in simulated
seawater and in buffer solution, a wider linear range and a
larger inhibition response can be obtained as much as in dou-
ble distilled water or ethanol. This phenomena of inhibition
decreasing in water or ethanol may be caused by changes
in the ionic strength and dielectric constant of the enzyme
active site microenvironmeipt9,28]. When it was exposed

Fig. 4. Responses of the biosensor for successive injection ATCh. Inlet is t0 the mixture of the water solution with a certain amount of

the Line-weaver-Burk electrochemical representation of 1/peak area versusethanol or lower ion strength solution, the tertiary structure

LIATCh]. Working potential: 0.25 V' vs. AG/AGCI. of the enzyme might had a little change compared to that in
. L . the buffer solution.
ity retaining in the embedded sol-gétig. 4 shows the In addition, the influence of the blank on the activity of

dependence of the current on the concentration of ATCh. the AChE was also tested as a control in the high salinity
The Ky value of the immobilized AChE was calculated solution (simulated sea water and 0.3 mollphosphate in

by fitting experiment data to the Michaelis—-Menten equa- 0.3 mol L~ KCI), lower ionic strength buffer (0.01 molt!

tion using the Lineweaver-Burk electrochemical represen- phosphate in 0.01 molt! KCI) and 20% ethanol work-
tation of 1/[peak area] versus 1/[ATCh]. At pH 8.0 and at ing buffer. The control measurement was processed after
room temperature (about 252°C), the Ky of the immo-  the above-mentioned solution passing through the cell for
bilized AChE was of 15.59mM and the linear correla- 5min (flow rate: 0.347 mL/min) followed by exposing the
tion coefficientR was of 0.99994. It demonstrates that the AChE-AlL,0s—SPE in OPs-free working buffer solution for
immobilized AChE is suitable for the Michaelis—-Menten 1 min at the same flow rate. After this, it was observed that
kinetic equation. Besides, 1 mmofL ATCh was already  the activity of the AChE had no measurable change with such
used in numerous experiments by using AChE-based biosenoperation (se€ig. 6). It was also observed that the higher
sors to detect anticholinesterase pesticides consideringsalinity of the simulated seawater had no significant influence
that it was within the linear response range with high on the amperometric signal, compared to the OPs dissolved
sensitivity. in the working buffer solution. So, it is promising for the

Fig. 5. Dichlorvos in simulated seawater inhibition response to the biosensor. Operating potential: 0.25 V; flow rate: 0.347 mL/min immobilized 51U AChE on
each electrode. Incubation time: 5 min (a) QNI; (b) 1 wM; (c) 5 uM; (d) 10uM; (e) 20M; () 40 wM; (g) 60M; (g) 80wM dichlorvos. (A) The inhibition
responses. (B) The working curve of inhibition responses.
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Table 1
Coefficient of calibration curved: (%) =A + Blog(Ci/wM), range of pesticide concentration and detection limit to be determined with #@;-AAChE
biosensors

Dichlorvos in B A R C-range (umoL 1) D-limit (wmol L~1)
S-seawater 29.31+1.55 (N=10) 33.59+ 1.81 0.98905 0.1-80 0.08

Work buffer 30.68+2.43 (N=8) 31.83+ 3.39 0.97867 0.1-80 0.08

D-water 28.24+ 3.96 (N=6) 3.84+ 4.82 0.96283 1-60 0.8

Ethanol 17.78+1.97 (N=5) 714+ 2.11 0.98206 1-40 0.8

S-seawater: simulated seawater; D-water: distilled wateslope;A: intercept;R: linear correlation coefficient; C-range: dichlorvos linear concentration range;
D-limit: detection limit.

biosensor to monitor the OPs pollution state of seawater. The inhibition procedure can be described as(B}.
The detection limit was obtained by measuring the response

after injection of 2QuL 10nM dichlorvos (dissolved inthe g ,k:lE AN 3)
simulated seawater) into the flow cell and enzyme incuba- k-1

tion during 15 min. An apparent inhibition signal three times
higher than the noise with inhibition degree about 6.81% . ) 0
was also observed. This detection limit value is much lower of the enzyme will form a reversible, non-covalent binding
compared to others reported mediator-free electrochemical_at the f|_rst, _anq _then form a stab_le. covalent complex. The
sensors for dichlorvos analygts9—20,30]. irreversible inhibition equatiof29] is:

The inhibitor and the correspondence part of the activity site

Alna = k][It 4)
3.4. Reactivation of the enzyme at the biosensors
wherek; is the biomolecular inhibition rate constant and
In the continuous experiments, it was found that the Aln« is the logarithmic difference of AChE activities
inhibited AChE could be partially reactivated when the measured before and after inhibition with the OPs. So, the
AChE-ALO3—SPE was exposed to the ATCh substrate after inhibition degree is proportional to the rate of formation the
the detection of OPs. As shown in curves b—FRigf 5, the lat- covalently phosphorylaled enzyme complex. The inhibition
ter amperometric response (peak IV) was higher than the firsttime in the experiment was only of 5min, not enough to
response (peak Ill) by measuring the amperometric responsdhe formation of the stable irreversible covalent complex
after inhibition. This similar effect was also observed by in lower dichlorvos contents. When the substrate ATCh
Neufeld[20]. In order to investigate this phenomenon and was injected, a competition between the substrate and the
to see whether the inhibited biosensors can be fully reusableorganophosphorus pesticides to the activity site of the AChE
at certain conditions, we exploited this substrate reactivation was verified. The reactivation degree was based mainly
effect to reuse the biosensor when the inhibition ratio was not either on the inhibition degree or on the reactivation time
higher than 80%. Ifrig. 7, it can be seen that the biosensor and ATCh loading. Thus, we employed this strategy to
with 79% inhibition degree can get fully reactivation after reactive the biosensors those inhibition degrees were lower
incubated with the substrate for 4 min. than 80%. We believe this approach could also be used in
The substrate reactivation effect can be explained basedother enzyme inhibition systems.
on the irreversible inhibition kinetic reaction of the enzyme.

Fig. 7. The reactivation effect of the biosensors. (A) The initial inhibition
results when the biosensor was exposed taMdichlorvos. (B) The inhi-
Fig. 6. Amperometric responses of the biosensors before and after the flow- bition results of the reactivated same biosensor after it was incubated with
ing pass of different solutions. The detailed experimental conditions see text. 1 mM ATCh for 4 min. (1) stop for incubate dichlorvos with the biosensor,
The R.S.D. of different amperometric responses is 2.31%. (2) flow again. Other conditions were same=ég. 5.
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Table 3
Recovery test of dichlorvos spiked in seawater obtained from Beilun Seaport
Concentration (M) Recovery percent (%) R.S.D. (%)
1 89.28 7.65 (n=4)
5 77.59 5.76 (n=4)
10 88.88 3.24 (n=4)
20 83.86 1.27 (n=4)
50 73.22 3.82 (n=4)
60 98.33 3.05 (n=4)

R.S.D. (%): relative standard deviation.

relatively ideal, compared with other reported mediator-free
OPs biosensoi1-24].

3.6. Analysis of real samples

Real samples obtained from Beilun Seaport and the branch
rivers of Yangtzediang River (Ninbo, Zhejiang province
of China) were analyzed using the proposed AChE-based
biosensor. The obtained data was compared with the results
obtained by GC-MS (HP 6890 series GC systems, HP 5973
Mass selective Detector) combined with solid phase microex-
traction (SPME) as shown ifable 2. It can be seen that the
biosensor system has shown enough sensitivity to detect OPs
or other AChE inhibitors in real water samples. Either the

Fig. 8. Reproducibility of the inhibition responses. The biosensor was incu- FIA_EC or GC—MS provided negative results rejecting the

bated with 20 ng dichlorvos for 5min. Other conditions were the same as

Fig. 5. presence of OPs in the samples obtained from Beilun Sea-
port, but positive results for the samples from the other four

3.5. Stability and reproducibility of the screen-printed rivers. Here, it should be mentioned that dichlorvos was only

biosensors selected as the model to this experiment system, andin the real

samples, other OPs, carbamates pesticides and some organic

Stability and reproducibility tests for the biosensors compounds, etc. also have the inhibition effect to the AChE
were performed by measuring consecutive amperometricbiosensors. So when the real samples were determined by
responses nine times, and the relative standard deviationAl,03—AChE biosensors, the sum inhibition effect was mea-
was 4.92%. Furthermore, ideal Michaelis—Menten enzymic sured, which is reflected the toxicology degree of the samples
kinetic response was found for the immobilized AChE. About and further confirmed by the results obtained from GC-MS
93% activity of the biosensor was maintained after 25 times as shown infable 2.
testing and about 90% activity was kept after stored for 5  The response of the samples with dichlorvos spiked into
months. Beilun Seaport seawater to evaluate the effect of salinity on

The reproducibility of the inhibition responses (Fig. 8) was the biosensors was also tested as showiiable 3. The
tested by injecting 2Q.L of 1 wM dichlorvos and incubating  recover ratio was smaller than 100%. It may be due to the
the biosensor into it for 5min. The relative standard devia- rapid hydrolysis of dichlorvos in this seawater environment,
tion of the inhibition percent was 2.87% \6), indicating and attempts were made to measure the samples as quickly
thatinhibition reproducibility of the proposed biosensors was as possible after they had been prepared.

Table 2

The inhibition results of different real samples withh@s—AChE biosensors and the potential AChE inhibitors got from GC-MS

Water position 1 (%) R.S.D. (%) GC-MS result

Beilun seaport A <0@m=3) n.a. No OPs present

Beilun seaport B <0(n=3) n.a. No OPs present

Yongjinag river A 6.50 4.02 (7 3) Phosphonoacetic acid-tritms ester

Yongjinag river B 4.37 5.68 (n=3) 1-Methyl-4-[4,5-dihydroxyphenyl]-hexahydropyridine; 3-methyl‘dhiphenyl
Fenhuajiang river 8.75 2.95 (n=3) Phosphorodithioic acid,S-[(4,6-diamino-1, 3,5-triazin-, 2-yl)methyd)-dimethyl ester
Infall site 2.64 9.44 (n=3) 5-(4-Fluorophenyl)-1-(4-chlorophenyl)-3-trifluoromethyl-1H-1,2,4-triazole

Experimental conditions of AD3;—AChE biosensors were samefdg. 5. *Distance between sample A and B was about several kilometers away; n.a.: not
analyzed{ (%): inhibition percent; R.S.D. (%): relative standard deviation.
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4. Conclusions [8] P. Mulchandani, P. Mulchandani, I. Kaneva, W. Chen, Biosens. Bio-
electron. 14 (1999) 77.

In summary, a simple strategy to quantitatively screen [9] J. Wang, M.P. Chatrathi, A. Mulchandani, W. Chen, Anal. Chem. 73

the OPs in the environment by using low-cost screen-printed __ (2001) 1804. .
[10] J. Wang, M. Pumera, M.P. Chatrathi, A. Escarpa, M. Musameh, G.

amperometric biosensors atrelatively low potential were pre- = ¢ in “A “muichandani, Y. Lin, K. Olsen, Anal. Chem. 74 (2002)
sented. The hydrophilic and porous28k sol-gel matrix 1187.

used to embed the enzyme have provided not only a friendly[11] J. Wang, G. Chen, M.P. Chatrathi, A. Fujishima, D.A. Tryk, D. Shin,
microenvironment for the immobilization of AChE to retain Anal. Chem. 75 (2003) 935.

its activity for a Iong time. but also an effective promo- [12] S. Marx, A. Zaltsman, |. Turyan, D. Mandler, Anal. Chem. 76 (2004)
' 120.

tion of the ele_ctron tran_sfer between the thiocholine and the [13] AN. lvanov, G.A. Evtugyn, R.E. Gyurcsanyi, K. Toth, H.C. Bud-
electrode. This promoting effect greatly decreased the over- "~ nikov, Anal. Chim. Acta 404 (2000) 55.
potential to the detection of the thiocholine and minimized the [14] AN. Ivanov, L.V. Lukachova, G.A. Evtugyn, Bioelectrochemistry
interference from other co-existing impurities. The feasibility (2002) 75. _
of the FIA-EC system was demonstrated in screening runs!*®! igéljsi J'.?Zlgp(ejlfgé;;'?;lzilbsonl J.P. Hart, I.C. Hartley, G. Nelson,
with real samples, espemally for the high salinity sea water, [16] Y.G. Li, Y.X. Zhou, J.L. Feng, Z.H. Jiang, L.R. Ma, Anal. Chim.
demonstrating the toxicological effect of these pesticides. Acta 382 (1999) 277.
[17] H. Schulze, E. Scherbaum, M. Anastassiades, S. Vorlova, R.D.
Schmid, T.T. Bachmann, Biosens. Bioelectron. 17 (2002) 1095.
Acknowledgements [18] S. Andreescu, L. Barthelmebs, J.L. Marty, Anal. Chim. Acta 464
(2002) 171.
. 19] E. Wilkins, M. Carter, J. Voss, D. Ivnitski, Electrochem. Commun.
Th|sworkvx_/as support'ed by NSFC (20335040, 20475012) [19] 2 (2000) 786.
and Shanghai Nano-project (0452nm003). [20] T. Neufeld, I. Eshkenazi, E. Cohen, J. Rishpon, Biosens. Bioelectron.
15 (2000) 323.
[21] G. Jeanty, J.L. Marty, Biosens. Bioelectron. 13 (1998) 213.
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