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Abstract Considering the problems of long detection time, poor reproducibility and limited resistance to light and
temperature interference of equipment used for on-site detection of pesticide residues in the current market, a
portable pesticide residue detector is designed based on enzyme inhibition and the data fusion algorithm. The system
mainly includes an absorbance sensing module and a signal data fusion conditioning module. The absorbance sensing
module uses front optical compensation path to eliminate common optical signal interference. The signal data fusion
conditioning module groups and fuses the electrical signal in order to enhance signal authenticity. The test shows
that the sensor system has good stability and reproducibility (relative standard deviation is lower than 2.5%), and
the introduction of front optical compensation path eliminates the common optical signal interference effectively.
Validation rate of samples whose inhibition rate is higher than 70% is up to 85%. When the sample inhibition rate
reaches 50%, the pesticides in the concentration range of 0.5~5.0 mg/kg can be detected, which meets the demand
of on-—site detection.
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Fig.1 Structure of pesticide detection system based on single sensor fusion
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Table 1 Sensor system repeatability test

Pesticide Repeatability /% RSD /% Pesticide Repeatability /% RSD /%
Carbaryl 13.8 1.143 DDbvPp 31.5 0.955
Carbaryl 50.6 1.136 DDVP 48.9 1.064
Carbaryl 58.1 1.992 DDVP 77.6 1.985
Carbaryl 94.2 0.955 DDVP 83.2 1.013
Dimethoate 18.5 1.095 Phosalone 37.3 1.957
Dimethoate 27.3 1.279 Phosalone 43.1 0.967
Dimethoate 45.9 2.018 Phosalone 61.0 1.136
Dimethoate 60.4 1.042 Phosalone 73.5 1.023
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Table 2 Comparison between enzyme inhibition method and gas chromatography

Plant Pesticide Enzyme inhibition /% Gas chromatography /(mg-kg™)
Cucumber Dipterex 91.2 3.53
Bean Dipterex 77.9 3.16
Vegetables Methamidophos 70.8 1.45
Cabbage Methamidophos 86.4 1.83
Pakchoi Carbaryl 93.8 3.75
Spinach Dimethoate 27.2 2.52
Tomato Carbofuran 85.6 0.04
+- N
4 4 e

LT T A0 T i B 5 A R A I B BB Rl B BT T — b 4 R 2 A I R Gl I A RO B A
Wk S G IR G, FEAR T 20 T390 o 3 3 Bl o0 41 K PpuAL SR AR il A 8 s 1 AHE T A R . R SR
RN R G A R AR G AR S BUIEOE THERE T 5 o S IR S T 70% M RE S ASORE €80 45 A
Lo, 1% R GL SRR 5 85% , 2 37 PR R e A T 5 0K
Higt BosA LR LB, B A e T RER E TG R AT R E ST R RE L

£ E XMk

1 Filho A M, dos Santos I N, Pereira P A. Development, validation and application of a methodology based on solid-phase micro extraction
followed by gas chromatography coupled to mass spectrometry (SPME/GC-MS) for the determination of pesticide residues in mangoes
[J]. Talanta, 2010, 81(1-2): 346-354.

2 LeDoux M. Analytical methods applied to the determination of pesticide residues in foods of animal origin. A review of the past two decades
[J]. Journal of Chromatography A, 2011, 1218(8): 1021-1036.

3 Lehotay S J, Mastovska K, Lightfield A R, et al.. Multi-analyst, multi-matrix performance of the QuEChERS approach for pesticide
residues in foods and feeds using HPLC/MS/MS analysis with different calibration techniques|J]. Journal of AOAC International, 2010,
93(2): 355-367.

4 Sun Tong, Xu Huirong, Ying Yibin. Progress in application of near infrared spectroscopy to nondestructive on-line detection of products/
food quality[J]. Spectroscopy and Spectral Analysis, 2009, 29(1): 122-126.

P, PRESR, SO T ZLANE I 2 BORTEAR ™ i/ it it ST 2 TC BRI Hh A 1 FHE 5 R (), Dt 5 061 34, 2000,
29(1): 122-126.

5 Weng Shizhuang, Zheng Shouguo, Li Pan, et al.. Quantitative analysis of fenitrothion based on surface—enhanced Raman spectroscopy
[J]. Chinese J Lasers, 2013, 40(8): 0815001.

Sk, FRAE I, 25 W, A5 kT AR I G SRR O 0 R W AR B E T[], P RO, 2013, 40(8): 0815001

6 Xue Long, Li Jing, Liu Muhua. Detecting pesticide residue on navel orange surface by using hyperspectral imaging[J]. Acta Optica Sinica,
2008, 28(12): 2277-2280.

BE e, B, XURAE T RGBSR EOR 1 K R 3R T A 25 5% B A I SR T 5[], Dt oe~# 4Tt 2008, 28(12): 2277-2280.

7 Luan Yunxia, Li Yang, Ping Hua, et al.. Development and effective evaluation of rapid detection instruments of pesticide residues in fruits
and vegetables based on enzyme inhibition method[J]. Journal of Food Safety and Quality, 2012, 3(6): 690-694.

R, 2 W,V A8, A T W Ak 10 o 24 55 B DR R 0 S a5 AR B VP AR ], 2 ks 4 4 ik A U 27412, 2012, 3(6): 690
694.

8 Wei Yongqin, Gao Jianfeng. Artful design of a constant current source circuit[J]. Chinese Journal of Scientific Instrument, 2006, 27(8):
1170-1172.

TLoREF, g i — 0 AR L B 11 7 I BT, (R R 24, 2006, 27(8): 11701172

9 Xu Chao, Gao Shumei, Su Zhouping, et al.. A new optical design method of uniform lumination based on extended LED source[]]. Laser
& Optoelectronics Progress, 2014, 51(2): 022203.

T M, U, FRF, AF L — T LED 37RO IR Y 2 2] RO BT O k()] HOG 5 O AL T oA E R, 2014, 51(2): 022203.

0114001-5



A R S

10 He Shaoling, Hao Fenghuan, Liu Pengfei, et al.. High precision fiber Bragg grating pressure sensor with real-time temperature compensation
[J]- Chinese J Lasers, 2015, 42(6): 0605003.
] 2 5, R, RS R, 45 R SR B o R OB AT LM g £ AR 1] Th O, 2015, 42(6): 0605003.

11 Yang Yujie, Tian Qingguo, Ge Baozhen. Correction technique for joint error of multi—sensor point cloud[J]. Chinese J Lasers, 2014, 41
(3): 0314002.
Py A, HRHE, 8558 . 2GR S Pr R 22 A8 1E )y (). P E#0%, 2014, 41(3): 0314002.

12 Liu Xijing, Yang Dewei, Yu Jia, et al.. Quasi—reciprocal reflective digital closed—loop optical voltage sensor[]]. Chinese J Lasers, 2014,
41(2): 0205002.
XKL, B fadh, T AR, S e 5 R SR A RO I S R AR IR AR [T]. H EOE, 2014, 41(2): 0205002.

13 Zhou Wei, Ma Xiaodan, Zhang Lijiao, et al.. Three dimensional point cloud splicing of tree canopy based on multi—source camera[J]. Acta
Optica Sinica, 2014, 34(12): 1215003.
JE B, B, SR, &L T 2 AR BALA W REE W )E = s P TR ST )] R A, 2014, 34(12): 1215003.

14 Zhou Yun. Study on Rapid Detection System of Pesticide Residues Based on Chemiluminiscence[D]. Wuxi: Jiangnan University, 2013:
39-49.
JA 2 RETOLHIE R R 2 AR T PO AR I R G S (D). T TR R, 2013: 39-49.

15 Pan Quan, Yu Xin, Cheng Yongmei, et al.. Essential methods and progress of information fusion theory[J]. Acta Automatica Sinica, 2003,
29(4): 600-610.
WO, T U, Rk, L (E B G IS Y A 1 5 i RE(T]. A Bk, 2003, 29(4): 600-610.

16 Cai Feina, Liu Qinxian, Zhu Genxing, et al.. Data fusion method for single sensor system[J]. Journal of Data Acquisition & Processing,
2005, 20(1): 88-90.
SRAEIS, NVE B, AR DS, A5 RO Ml T VA TR PR RS FR e T R 0 ). B SR A S AR B, 2005, 20(1): 88-90.

17 Xiao Jianjun, Hua Zezhao, Xu Fei. The study of influence of temperature on inhibition of pesticide on plant—esterase[J]. Journal of
Engineering Thermophysics, 2002, 23: 105-108.
MO, AR, A LIRS R AR 24 A I I B Y ()] AR A B2 R, 2002, 23: 105-108.

18 Ding Tianping, Guo Weiling, Cui Bifeng, et al.. The effect of temperature on the PL spectra of high power LED[]]. Spectroscopy and Spectral
Analysis, 2011, 31(6): 1450-1453.
TRV, A F, R FR G, S IR EEX DR LED JGRE R PE I8 52 M )] 632 5615 43 BT, 2011, 31(6): 1450-1453.

19 National Standardization Technical Committee. GB/T5009. 199 — 2003 Rapid determination for organophosphate and carbamate pesticide

residues in vegetables[S]. Beijing: China Standard Press, 2003.
FE KA HEAL AR Z 51 23 - GB/T5009. 199 — 2003 8 352 H A4 HIL i 1122 ik FH R i 2 4 245 % B8 &k 1) PR R M0 [S . b s oy AR 114 it
#., 2003.
20 Li Shun, Ji Shujuan, Li Donghua. Study on optimal conditions of enzyme inhibition for rapid detection of organophosphate pesticide residues
in vegetables[J]. Food Science and Technology, 2006, (1): 171-173.
25, LU, AR AR T VR DR AR I S AT PR R 25 5k B R B R AR IR SR D). B R R, 2006, (1): 171-173.
21 Qiu Zhengjun, Lu Jiangfeng, He Yong. Rapid detection system development and influence factor analysis for pesticide residues in
agricultural products by enzyme inhibition method[J]. Transactions of the CSAE, 2007, 23(9): 229-233.
EAET, BRVTOE, {7 B e Wk 0 A fl A 245 5% B DR ARG I 28 48 B 5% i 1R 32 A3 A (0], Al TR iz, 2007, 23(9): 229-233.
22 Dong Yude, Zhao Han, Liu Guotian, et al.. Development of WX-201 automatic vegetable pesticide rapid detector[J]. Transactions of the
CSAE, 2005, 21(9): 110-113.
AR wh, X, AF L WX-201 4 [ Bl 3 2 5k B RS I A BT AR (D). Al TR, 2005, 21(9): 110-113.
23 Qian Lili. Rapid Detection Technologies and Sample Pretreatment Means in Determination of Pesticide Residues[D]. Hefei: University
of Science and Technology of China, 2007: 48-50.
BRALATL L A2 5% B HRHURS: U RO AL SRR R OB SE[D]. 5 L h AR H R R4, 2007: 48-50.
24 Sang Yuanyuan, Chai Lina, Wei Chaojun, et al.. Study on eliminating false positive results of pesticide residues in four acrid vegetables
with enzyme inhibition assay[J]. Chinese Agricultural Science Bulletin, 2009, 25(11): 60-64.
S5 Dl D], S5 T W0, A 452 . TG o) A U 4 S B S Ak 245 5K B A P R 9 B ). v B AR 2 B A, 2009, 25(11): 60-64.
EEHRE: X548

0114001-6



