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foods by chemiluminescence biosensor
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ABSTRACT: Objective To create a high-sensitivity biosensor for detecting organophosphorus and carbamates
pesticides in foods and establish a new method to determine these two kinds of pesticides. Methods
Immobilized acetylcholinesterase (AchE) was used as recognition element of the sensor, reacting specifically

with the substrate of acetylthiocholine iodide(ATCI), the micro-fluidic chip with CL analyzer was used as
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detecting element, and luminol-potassium ferricyanide system was used in chemiluminescence system.
Results When the concentration of proximal, dichlorvos, dimethoate ranging from 0.1~10, 0.08~10, and
0.8~15 pg/mL, respectively, the correlation coefficients were 0.9923, 0.9903, and 0.9904, and the detection
limits were 0.047, 0.054, and 0.388 pg/mL, respectively. When the concentrations of carbofuran, carbonyl, and
methomyl were ranging from 0.08~15, 0.1~10, and 0.1~10 pg/mL, respectively, the correlation coefficients
were 0.9926, 0.9972, and 0.9944, and the detection limits were 0.049, 0.051, and 0.080 pg/mL, respectively.
The evaluation of biosensor performance indicates good precision, when determining all 6 kinds of pesticides
under optimal conditions, RSD was below 7%; when the substrate of ATCI was injected into
chemiluminescence system 6 times discontinuously, RSD was below 8%, which indicated good stability;
immobilized AChE was stored in phosphate buffer(pH=8.0), detecting activity every 10 d, lasting for two
months, the relative enzymatic activity decreased only 23%, indicating a good storage stability; the biosensor
was used to detect samples of cabbage and apple, fortified recoveries were between 90%~99%. Conclusion
This biosensor has a good performance, therefore it can be used to determine pesticides in foods.
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Fig. 1 Schematic diagram of polymethyl methacrylate
flow cell
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Fig. 2 The flow analysis system of chemiluminescence
biosensor
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Fig. 3 The effect of luminol concentrations on relative
chemiluminescence intensity(n=3)

3.1.2 Sk EIATRE % h

pH ,



12 , 4167

1~6 mmol/L , D 314 RMIREAE
3 mmol/L ,
3 mmol/L 0~100 mmol/L
i 6 R 0~20
11000
I mmol/L s
10 000
; 20 mmol/L
#9000
= . —_— 20 mmol/L
B 8000 L]
45 7000 - o )
< i 850 [
T 6000 - L
Z ~ 800 E
5000 | Tsol /ﬁ/
i 1o __ i/i
4000 S 00l /
il I
3000 . . L . L . L . L . I 650 [
1 2 3 4 5 6 = I
5 600 |
BRFALEREE (mmol/L) ) L
It 550
4 (=3) < s00[
Fig. 4 The effect of potassium ferricyanide concentration on as0 |
relative chemiluminescence intensity (n=3) i
400 -
313 REGH 0 20 40 60 80 100
> JEYIHEEE (mmol/L)
6 (n=3)

Fig. 6 The effect of substrate concentration on
chemiluminescence intensity(n=3)
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Fig. 5 The effect of constant-flow pump speed on relative
chemiluminescence intensity(n=3)
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Fig. 9 The effect of recovery time on recovery rate(n=3)
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Tablel Regression equation, correlation coefficient and limit of detection of pesticides

4 C,

)

(60 d)
23%

3.6 HEmREN A A 0 El Y R

0.02% NaNj

>

10d
11

80%

F1 REGMEMEXRARE. BXRBSKHIR

100%  120%;

>

(ug/mL) (R) (ng/mL)
0.1~10 Y=10.366X+ 18.995 0.9923 0.047
0.08~10 Y=16.22X+25.614 0.9903 0.054
0.8~15 Y =7.2755X+8.0116 0.9904 0.388
0.08~15 Y =19.843X + 31.059 0.9926 0.049
0.1~10 Y =16.22X +25.614 0.9972 0.051
0.1~10 Y=12.001X + 18.182 0.9944 0.080
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Table2 Theresultsof precision experiment
(ng/mL) RSD (%)
1 2 3 4 5 6
1.982 2.071 2.032 2.206 2.301 1.871 6.897
1.117 1.172 1.093 1.106 1.038 1.002 5.539
2.212 2.082 2.193 1.926 2.036 2.124 4.628
1.024 1.041 1.074 1.176 1.137 1.021 5.435
1.087 1.106 1.171 1.038 0.965 1.026 6.577
1.106 1.047 1.175 1.098 1.037 1.041 4.520
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Fig. 10 Responses of the biosensor to repeated injection of ATCh Fig. 11 The stability of microfluidic biosensor(n=3)
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Table3 Pesticides recoveries and relative standard deviation in cabbage, apple

£SD  (ng/g) (ng/g) (ng/g) £SD  (uglg) £SD (n=3)
1.297+0.04 1.000 2.297 2.194+0.101 0.900-+0.084
1.297+0.04 1.300 2.597 2.477+0.104 0.909:0.083
1.297+0.04 1.560 2.857 2.743+0.115 0.929+0.072
2.31+0.066 1.800 4.110 4.071+0.049 0.982+0.033
2.31+0.066 2.260 4.570 4.512+0.154 0.977+0.073
2.31+0.066 2.600 4910 4.827+0.093 0.971+0.036

, 80% mg/kg 0.5 mg/kg) ,
100% 120%, 1 h 2.2.7 ,
S Ak
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