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Research progress on rapid detection technology of pesticide residues based
on screen-printed electrodes
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(College of Food Science and Engineering, Northwest Agriculture & Forestry University, Yangling 712100, China)

ABSTRACT: The problem of pesticide residues seriously affects food quality and safety. It is urgent to establish
rapid detection technologies to meet domestic and international food safety standards. Traditional detection
techniques, including chromatographic detection, immunoassay detection, capillary electrophoresis, efc., rely on large
instruments and are not suitable for rapid on-site detection. Due to the presence of electroactive groups such as -NO,,
-OH, -C=0 in most pesticides or their hydrolysis products, fast and sensitive electrochemical detection techniques
can be used to achieve rapid detection of pesticide residues. The working electrode is the core component, which
directly affects the detection performance. Screen-printed electrodes, as disposable electrodes, are easy to produce
and commercialize, overcoming the shortcomings of traditional electrodes and have broad application prospects. This
article explored the relationship between pesticide structure and electrochemical detection technology, and based on
the principle of electrochemical detection, discussed the preparation and modification of screen-printed electrodes.

This article summarized the application of screen-printed electrodes in pesticide residue detection in order to provide
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reference for the rapid detection of pesticide residues using screen-printed electrodes.

KEY WORDS: pesticide residues; electrochemical detection; screen-printed electrode; detection
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Fig.1 Common pesticide structure diagram
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Fig.2 Electrochemical detection technology for pesticide residues
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Fig.3 Schematic diagram of screen-printed electrode
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Fig.4 Detection principle of enzyme modified electrode
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Table 1 Application of electrochemical detection technology based on screen-printed electrodes in pesticide residue detection
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V22 W Nl B HEL B (screen-printed carbon electrode, SPCE),



222 B il 2 A iR A I A 4

FH15E

4 LERIE

F T 24 B 23 X N B Al R R AR 25 PR B LA,
A2 5% B DR AGHIN 1 A A B i 2 e R S5 0 Tl 5 32
TE o ASCRES TARGEM S RAL AR KR, FFX SPE
A . ABHRFIN I OF R AT L5 . A TR ek
WA, LA I BRSSPSR | AR, H
A B R BB AR E N, B PR G S 1R A R
FHRTS o SR, T 22 100 B i AR i) HiL Al 2245 I EE AR ATE 9%
EIRVEZ AR, PRERALHE: (1) RAE TR B A 70 42 bh
B AR A L AL AR RE, o SO . SR AR
BRFPEL . R SERDRME il R PERE . (2)2Z TR HE
PRAEAR 25 5% B AS D B O AT A T S 3 = I e B B, S5
AR A 228, NEE— TP R ESE | FTEE . RUTRYH
P AN B 2 A — UK PR AR o AL, 7EAR 25k B PR G
D7 T, T 22 1o BT R AR P PR A 2 A DB AR AT A AR R
JEZS 1],

SRk
[1] XI5, Rl KL IR BB AR, 2023,
12: 113-116.

LIU ML. Current situation and prevention strategies of pesticide residues
in vegetables in China [J]. Mod Agric Sci Technol, 2023, 12: 113-116.

[21 XML, T 2017—2018 HFEM ATHE A 2558 B BLRS-H7 )]
b5 fiERE, 2020, 36(24): 3360-3363.

LIU FX, NIE YG. Analysis of pesticide residues in vegetables in Binzhou
City from 2017—2018 [J]. Occup Health, 2020, 36(24): 3360-3363.

[3] T, XU, #ReRLL, 45 S BTsnE 2k A B XA 25k B

BRI BUURALRHE, 2020, 16: 84-85.
YU Y, LIU SM, HAN SH, et al. Analysis of the current situation of
vegetable pesticide residues in various counties and districts of
Lianyungang city during the epidemic prevention and control period [J].
Mod Agric Sci Technol, 2020, 16: 84-85.

[4] X, TSR, ARE . B b ACZ B B BUR B S —— A X

7 2022 ARG A ARG G B[], Bk S5IAGE, 2023, 4: 72-74.
LIU YC, XIANG FB, SHAO FY. The current situation and suggestions on
pesticide residues in fruit and vegetable products-taking the 2022
pesticides residues monitoring off fruit and vegetable products in
Honggong city as an example [J]. Chin Qual Certif, 2023, 4: 72-74.

[5] 4xis. B A YL RER B S R HAEA 2GR B A P i F [D]. I
MO, 2022,

JIN R. Construction of portable biosensor and its application in pesticide
residue detection [D]. Changchun: Jilin University, 2022.

[6] FERRARI AG, NEALE SJ, BANKS CE. Screen-printed electrodes:
Transitioning the laboratory in-to-the field [J]. Talanta Open, 2021, 3:
100032.

[7] MAGESH V, SUNDRAMOORTHY AK, GANAPATHY D. Rapid and
direct detection of early-stage cancer biomarkers using screen printed
electrode with portable electrochemical biosensor detector [J]. Oral Oncol,

2023,1:5.

[8] FEAHL WIM, BB, 55, WAL B AL ARG £ it rh o ML AC 2 5k B #)
WFFEHERELT]. Bt KBTI, 2023, 49(20): 315-322.
WANG H, PAN WS, QIAN W, et al. Research progress in the detection of
organophosphorus pesticide residues in food by electrochemical sensors [J].
Food Ferment Ind, 2023, 49(20): 315-322.

[91 ALMEIDA EMF, SOUZA DD. Current electroanalytical approaches in the
carbamates and dithiocarbamates determination [J]. Food Chem, 2023,
417: 135900.

[10] X, SAREREENE PSRRI, GRS T
Wi, 2022, 4: 43-46.

LIU SJ. Determination of BHC and DDT in soil by gas chromatography
[J]. Instrum Anal Monit, 2022, 4: 43-46.

[11] W18, WS, TRBAFR, 5. B/ Ao s A HLEAR 25 R 4w Ak B XL

RG], FREERLE 58K, 2023, 46(S1): 203-209.
HU C, PAN JJ, XU YL, e al. Residual levels and health risks of
organochlorine pesticides metals in the new night genuine medical
materials in New Zhebawei [J]. Environ Sci Technol, 2023, 46(S1):
203-209.

[12] EAGSE, 478, XA, . BORBORH G- SR TR R b 47
RhARZIBR WA IRT). 29T 243K, 2024, 44(6): 979-989
TAN JY, JIANG J, LIU ZW, et al. Determination of 47 pesticide residues
in sucrose by UPLC-MS/MS [J]. Chin J Pharm Anal, 2024, 44(6):
979-989.

[13] PR, BRI G S 2T ik A A AR 5 Ffe 245k 1
APAERHE, 2024, 49(2): 6-8
LU YP. Rapid detection five pesticide residues by colloidal gold
immunchromatographic assay in sweet peppar [J]. Fujian Sci Technol
Tropl Crops, 2024, 49(2): 6-8.

[14] ZHANG Y, LE1 Y, LU H, et al. Electrochemical detection of bisphenols in
food: A review [J]. Food Chem, 2021, 346: 128895.

[15] SAHA C, BHUSHAN M, SINGH L. Pesticide sensing using
electrochemical techniques: A comprehensive review [J]. J Iran Chem Soc,
2023, 20: 243-256

[16] HU X, DANG W, JIANG Y. Application of nanomaterial-modified
electrochemical sensors in pesticide residue detection [J]. HSET, 2023, 55:
15-22.

[17] CHANG HW, CHEN CL, CHEN YH, et al Electrochemical
organophosphorus pesticide detection using nanostructured gold-modified
electrodes [J]. Sensors, 2022, 22(24): 9938.

[18] RYOTA S, NAOYA F, HIROAKI M, et al. Layered metal-organic
frameworks and metal-organic nanosheets as functional materials [J].
Coord Chem Rev, 2022, 472: 214787.

[19] KHAIRY M, AYOUB HA, BANKS CE. Non-enzymatic electrochemical
platform for parathion pesticide sensing based on nanometer-sized nickel
oxide modified screen-printed electrodes [J]. Food Chem, 2018, 255:
104-111.

[20] s, §7R, B, % i EER A f A R B ). £
A RGN EEAR, 2021, 12(16): 6424-6430
LAI TR, SHU H, YANG ZC, et al. Applications of electrochemical sensor
in food detection [J]. J Food Saf Qual, 2021, 12(16): 6424-6430.

[21] SONG X, LI F, YAN T, et al. Research progress in the sample
pretreatment techniques and advanced quick detection methods of

pesticide residues [J]. Process Saf Environ, 2022, 165: 610-622.



5 20 3]

PO, S0 R 22 BN AR 14 24 5 B DR AGIN B AR5 B e

223

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

UMAPATHII R, GHOREISHIAN SM, SONWAL S, et al. Portable
electrochemical sensing methodologies for on-site detection of pesticide
residues in fruits and vegetables [J]. Coord Chem Rev, 2022, 453: 214305.
ZHAO G, WANG H, LIU G. Advances in biosensor-based instruments for
pesticide residues rapid detection [J]. Int J Electrochem Sci, 2015, 10:
9790-9807.

TN, LT 22 ENR] AR A2 G R T (D). B R4
TR, 2011

TENG YJ. Research on electrochemical biosensors based on screen
printed electrodes [D]. Shanghai: East China University of Science and
Technology, 2011.

HUANG P, WU W, LI Z, et al. Metal-organic framework-based

nanoarchitectonics: A promising material platform for electrochemical

detection of organophosphorus pesticides [J]. Coord Chem Rev, 2024, 501:

215534.
HONEYCHURCH KC, HART JP. Screen-printed electrochemical sensors
for monitoring metal pollutant [J]. Trend Anal Chem, 2013, 8(9):
11264-11277.

RENEDO OD, ALONSO-LOMILLO MA, MARTINEZ MA. Recent
developments in the field of screen-printed electrodes and their related
applications [J]. Talanta, 2007, 73: 202-219.

HU H, YANG L. Development of enzymatic electrochemical biosensors
for organophosphorus pesticide detection [J]. J Environ Sci Heal B, 2021,
56(2): 168-180.

WANG X, DONG S, HOU T, et al. Exonuclease I-aided homogeneous
electrochemical strategy for organophosphorus pesticide detection based
on enzyme inhibition integrated with a DNA conformational switch [J].
Analyst, 2016, 141: 1830-1836.

CESARINO I, MORAESS FC, LANZA MRV, et al. Electrochemical
detection of carbamate pesticides in fruit and vegetables with a biosensor
based on acetylcholinesterase immobilised on a
polyaniline-carbon nanotubes [J]. Food Chem, 2012, 135(3): 873-879.
WALTER P, PEPLOWSKI A, GORSKI L, et al

composite  of

Disposable,
acetylcholinesterase-coated, screen-printed carbon electrodes for the
determination of organophosphorus pesticides [J]. Microel Int, 2019, 36:
120-126.

VALBER AP, SHEETAL P, SHANKAR B, ef al. Enhanced stability of

enzyme organophosphate hydrolase interfaced on the carbon nanotubes [J].

Colloid Surf B, 2010, 77(1): 69-74.

MULYASURYAN A, DOFIR M. Enzyme biosensor for detection of
organophosphate pesticide residues base on screen printed carbon
electrode-bovine serum albumin [J]. Engineering, 2014, 6: 230-235.
MANIKANDAN R, YOON J, CHANG S. Emerging Trends in
nanostructured materials-coated screen printed electrodes for the
electrochemical detection of hazardous heavy metals in environmental
matrices [J]. Chemosphere, 2023, 334: 140231.

RAJIV P, MANIKANDAN R, SANGEETHA S, et al. Fabrication of
biogenic iron oxide and their efficiency to detect carbofuran in vegetable
samples [J]. Inorg Chem Commun, 2022, 142: 109649.

LIANG W, RONG Y, FAN L, et al. Simultaneous electrochemical sensing
of serotonin, dopamine and ascorbic acid by using a nanocomposite
prepared Fe;04 and

hydroxypropyl-$-cyclodextrin [J]. Microchim Acta, 2019, 186: 751.

from reduced graphene oxide,

[37]

[38]

[39]

[40]

[41]

[42]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

WALLANS TP, SANTORS D, COMPTON RG. A simple method to detect
the stimulant modafinil in authentic saliva using a carbon-nanotube
screen-printed electrode with adsorptive stripping voltammetry [J]. Sens
Actuats B Chem, 2019, 285: 137-144.

ANTONELLA LMB, EDUARDO AK, MARIA LS, et al. Modification of
electrodes with polymer nanocomposites: Application to the simultaneous
determination of Zn(II), Cd(Il), and Cu(Il) in water samples [J]. Anal
Chim Acta, 2023, 1273: 341499.

SRR, X3, A, RGOS S AR A U A R
IS R L RS (D). BRARAE T, 2023, 43(S1): 71-75.

ZHANG QH, LIU TJ, PAN M. Synthesis of graphene-based
nanocomposites and their application in electrochemical sensors [J]. Mod
Chem Ind, 2023, 43(S1): 71-75.

WEN L, WANG J, LIU Z, et al. A portable acetylcholinesterase-based
electrochemical sensor for field detection of organophosphorus [J]. RSC
Adv, 2023, 13: 6389-6395.

FERN, BRAN, B, AF BT 22 I ERBR K AL HUBL 4 i A2
A WU Z[T]. TR ER 2, 2020, 39(6): 636-639.

LIANG G, ZHANG QG, ZHAO 1J, et al. Commercial screen-printed
carbon-nanotube electrode-based electrochemical biosensor for the
detection of organophosphorus pesticide [J]. Anal Lab, 2020, 39(6):
636-639.

BIATS. KRR FHEM]. RO SRl RS L, 2016.
DUAN JF. Natural polymer materials [M]. Wuhan: Huazhong University
of Science and Technology Publishing House, 2016.

THIRUMALRAJ B, RAJKUMAR C, CHEN S, et al. Determination of
4-nitrophenol in water by use of a screen-printed carbon electrode
modified with chitosan-crafted ZnO nanoneedles [J]. J Colloid Interf Sci,
2017, 499: 83-92.

PREZILIUS ACM, SANTOS D, SILVA GFS, et al. Development of an
electroanalytical methodology associated with screen-printed electrodes
for the determination of glyphosate in river waters [J]. Tonics, 2022, 28:
4035-4043.

RAMALINGAM M, PONNUSAMY VK, SANGILIMUTHU SN.
Electrochemical determination of 4-nitrophenol in environmental water
samples using porous graphitic carbon nitride-coated screen-printed
electrode [J]. Environ Sci Pollut Res, 2020, 27: 17481-17491.

KANJANA K, KANNIKA K, JATUPORN D, et al. A new disposable
electrochemical sensor for the individual and simultaneous determination
of carbamate pesticides using a nanocomposite modified screen-printed
electrode [J]. Microchem J, 2022, 177: 107318.

PERIYASAMY S, TAE YL. Disposable sensor electrode modified with
strontium vanadate-graphene nanocomposites for rapid analysis of
hazardous insecticide carbofuran in environmental media samples [J]. J
Environ Chem Eng, 2023, 11(5): 110345.

JAKKRIT S, APICHART S, WONN STT, et al. An electrochemical
AChE-based biosensor for organophosphate pesticides using a modified
CuNWs/rGO nanocomposite on a screen-printed carbon electrode [J].
Food Chem, 2024, 434: 137431.

JAYENDRA KH, LAKSHMIG BVS, AWADHESH KV, et al.
Development of aptasensor for chlorpyrifos detection using paper-based
screen-printed electrode [J]. Environ Res, 2024, 240: 117478.

SIHUA P, SHUYAN Y, XI Z, et al. Analysis of imidacloprid residues in



224

B 24 iR AR I 2 4l

FH15E

[51]

[52]

(53]

[54]

[55]

[56]

[57]

mango, cowpea and water samples based on portable molecular imprinting
sensors [J]. PLoS One, 2021, 16(9): 0257042.

PEREZ-FERNANDEZ B, MERCADER JV, ABAD-FUENTES A, et al.
Direct competitive immunosensor for imidacloprid pesticide detection on
gold nanoparticle-modified electrodes [J]. Talanta, 2020, 209: 120465.
ANNAMALAII Y, NATRAJAN K, JUN-HEE N, et al. Lanthanum tin
oxide-modified sensor electrode for the rapid detection of environmentally
hazardous insecticide carbaryl in soil, water, and vegetable samples [J]. J
Hazard Mater, 2022, 437: 129415.

WAHYUNI WT, PUTRA BR, RAHMAN HA, et al. Effect of aspect eatio
of a gold-nanorod-modified screen-printed carbon electrode for carbaryl
detection in three different samples of vegetables [J]. ACS Omega, 2024,
9(1): 1497-1515.

ZHANG C, ZHAO F, SHE Y, et al. A disposable molecularly imprinted
sensor based on Graphe@AuNPs modified screen-printed electrode for
highly selective and sensitive detection of cyhexatin in pear samples [J].
Sens Actuats B-Chem, 2019, 284: 13-22.

FU J, AN X, YAO'Y, et al. Electrochemical aptasensor based on one step
co-electrodeposition of aptamer and GO-CuNPs nanocomposite for
organophosphorus pesticide detection [J]. Sens Actuats B Chem, 2019,
287: 503-509.

SHI Q, TENG Y, ZHANG Y, et al. Rapid detection of organophosphorus
pesticide residue on Prussian blue modified dual-channel screen-printed
electrodes combing with portable potentiostat [J]. Chin Chem Lett, 2018,
29:1379-1382

WALTER P, PEPLOWSKI A, GORSKI L, et al. Disposable,
acetylcholinesterase-coated, screen-printed carbon electrodes for the
determination of organophosphorus pesticides [J]. Microel Int, 2019, 36:
120-126.

SURRIBAS A, BARTHELMEBS L, NOGUER T. Monoclonal
antibody-based immunosensor for the electrochemical detection of

chlortoluron herbicide in groundwaters [J]. Biosensors, 2021, 11(12): 513.

[59]

[60]

[61]

[62]

Fle, HEM, Tk, S A EE AL L RS E B AR T 45
BRI D], B4 BRI E 41, 2023, 14(17): 196-206.
WANG L, GE WP, ZHANG Y, et al. Research progress in electrochemical
aptasensor sensing strategies in food detection fields [J]. J Food Saf Qual,
2023, 14(17): 196-206.

IBANEZ D, GONZALEZ-GARCI MB, HERMANDEZ-SANTOS D, et al.
Detection of dithiocarbamate, chloronicotinyl and organophosphate
pesticides by electrochemical activation of SERS features of
screen-printed electrodes [J]. Spectr Act Part A, 2021, 248: 119174.

TANG X, WU T, PAN F, ef al. An applied potential powered screen-printed
electrode for sensitive EC-SERS detection of acetamiprid [J]. Sens Actuats B
Chem, 2024, 404: 135279.

WANG X, XU L, LIU Z, et al. Intelligent analysis of carbendazim in
agricultural products based on a ZSHPC/MWCNT/SPE portable
nanosensor combined with machine learning methods [J]. Anal Methods,

2023, 15: 562-571.

Grieshft: TH4% i)

EEEN

BEE, MIHRLE, TEMRAED
RERITERN.
E-mail: 2023056298 @nwafu.edu.cn

ik, BEER EEWRRAEAR
& e

E-mail: mzhang@nwafu.edu.cn



