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Abstract: Neonicotinoid pesticides (NEOs) are widely used in global agricultural production because of their high
efficiency, broad spectra, low toxicity, and low residues. However, improper use of NEOs will cause
environmental pollution and pose a serious threat to human health. Therefore, developing new rapid detection
technologies with field applicability and high throughput has become the focus of current research. The author
reviewed the principles, advantages, and limitations of rapid detection technologies of neonicotinoid pesticide
residues, and introduced in detail enzyme-linked immunosorbent assay, fluorescence immunoassay,
immunochromatography, surface plasma resonance (SPR), surface-enhanced Raman scattering (SERS),
fluorescence resonance energy transfer (FRET), molecular imprinting (MIT), and electrochemical sensors based
on metal-organic frameworks (MOTs) and nanomaterials in the detection of neonicotinoid pesticide residues in

agricultural products. With high sensitivity and high selectivity, the pesticide residue detection technologies
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represented by immunoassay, optical analysis, and electrochemical detection demonstrate great potential for the

rapid detection of trace neonicotinoid pesticide residues, while they still have certain limitations in terms of

detection limits, sensitivity, matrix treatment, etc. In the future practical testing, attention should be paid to the

innovation and optimization in matrix effect elimination, intelligence and automation, and multi-functional

integration.

Keywords: neonicotinoid pesticide; pesticide residue; immunoassay; optical analysis; electrochemical analysis;

rapid detection
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Fig.2 Working principle of ELISA
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Fig. 6 Detection mechanism of FRET optical sensor
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Fig. 7 Detection mechanism of electrochemical sensor based on molecular imprinting
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Fig. 8 Design, configurations, and application of electrochemical sensors based on MOFs
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RE 409 K B4 ) 1 H AL 2 A5 2, T IMIT A, A
T FR 9 1.33x10"° mol/L. Urbanova Z % Hl GO
16 15 11 33 B89 B¢ FEL A (GCED il 4% 7 F T 46 Il THM
FTIMI B A% 86 2%, 1% A% I 28 1 26 1 R I S L N
10~200 pumol/L, & ¥l fR 73 %l 4 8.3.7.9 pmol/L.
Zhang %'V % 7 — Fp B F B-CD-GN 1 1fi 1)
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& T I PR R W S K R R A . AR, %R
R Gy A HLE T ANRE 55 83, BLAS X B
SRS . LA ELISA N, Fo A il PR , (R 7E 5
He FE R A T 5 th IR PE M 45 3 . T SERS i i
NS — A3, 1R T PR Z B HIAE 5% DL . X
b 22 7 e W HA 0 DR e A4 e AL ) 5 A 10 ) 32k 5 1)
(1R A 7 I RGBT AE R & B E R
FREERI N . 5 AL A B A B, S 9% o AT I AT
R N Z 15 15%~30% , 1M1 43 F B 325 HH Ak 2 A J%

PRI R AR B EH N A

Table 1 Rapid detection technologies and their application in the detection of NEOs residues in agricultural products

NEOs WiRS 2R PR 3 o R Ie i 2 FE i EE DY
ELISA 1.0~30.0 ng/mL 0.6 ng/mL 92.5%~113.2%  7KH4 [20]
YR RL H AL 2 A RS 0.2~50.0 pmol/L 0.05 umol/L 96.67%~103.65% 7K H5 [66]

DIN 4 FEIE B b2 fE K% 1x107~1x107 mol/L 0.35 pg/L 87.93%~106.43% K [67]
MOFs 1AL % 1 B 4% 1~60 umol/L 0.01 pmol/L 92.0%~100.9%  #e A K KFKFE [56]
YRR H AL 2 A R R 0.5~60.0 pmol/L 0.001 pmol/L 92.1%~103.4% SR PO LA A1 T 4% [68]
ELISA — 0.7 ug/L 80.3%~116.3% A= il il + 4 [69]

THD FIA 0.01~10.00 ng/mL 0.003 ng/mL 79.4%~118.6%  FL & T F 3R [23]
ELISA 10.30~2 110.00 pg/L  4.25 pg/L 85.27%~113.07% i BL A3 [21]
FIA — 0.5 ng/mL 81.7%~118.1%  Fk 7 i il 4 [24]
SERS 1.0x10%~1.0x10° pg/mL  4.55x107° ug/mL  97.83%~114.23% 4k %% [70]
ICA 0.04~3.00 ng/mL 0.04 ng/mL 80%~124% i TING S NN E U WA S [3]
FRET 5%10°~4 000x10° mol/L 8.23x10 ' mol/L  93.0%~105.6% & #& 3 3 0 Al 3% )R [44]

IMI Gk F R AL AL RS 510793 000x10 " mol/L  1.33x10 " mol/L  92.0%~110.0%  F & T2 HRAA %K [63]
O3 T E 8 WAk 2 A IR 2% 0.5~15.0 pmol/L 0.10 pmol/L 75%~78% IKHE [53]
YKL R L AL 2 A R 0.1~20.0 pmol/L 0.011 pmol/L 97%~104% LRV PN [71]
MOFs Hifb, 2 46 & 2% 0.5~60.0 pmol/L 0.026 pmol/L 92.0%~100.9%  #eF  ERFIKFE [56]
YK AR H AL 2 A R 0.5~60.0 pmol/L 0.017 umol/L 92.1%~103.4% 3L PG40 A A1 T 4% [68]
FIA — 16 ng/L 77%~125% L84 3 T TURISE L [72]
kAR AL AL RE 5%107'~5 000x107" mol/L 9.81x10 "2 mol/L  90.5%~109.3% &4 HL G fl %03 [73]
KR AL AL RS 4.0x10 °~1.0x10° mol/L  9.32x10 7 mol/L — B e [74]

T MOFs Hi fb, 2 £ & 2% 0.5~60.0 pmol/L 0.062 pmol/L 92.0%~100.9%  #MeF TR FIKFG [56]
YKL HL AL 2 A B 1~60 pmol/L 0.007 pmol/L 92.1%~103.4%  SFR FHLLAL A0 B % [68]
SERS 1~20 pg/g 23.7~36.4 ng/g 73.5%~112.8%  ZLAIHk [39]
SERS 25~250 nmol/L 6.8 nmol/L 86.1%~100.3% 3R [75]

ACE FRET 10~90 ng/mL 6.33 ng/mL 92%~110% 25 % [76]
SERS 1~20 pg/g 33.7~68.8 ng/g 73.5%~112.8%  ZLAIHk [39]
FIA 0.021~973.000 g/l 0.021 3 pg/L 79.3%~108.7% /‘J%‘{*‘%%ﬁm‘ﬁ%‘ [22]

03 KR SR AL

cLo FRET 20~600 pg/L 5.527 pg/L 81.99%~106.64% 45028 & Hifi F1 54 [77]
KR AL SE AL RS 1.0x107~5.0x10° mol/L  4.0x10 *mol/L 90.0%~99.4% RN [78]
FIA 0.018~2 713.680 pg/L  0.018 pg /L 81.3%~117.7% ig@k%ﬁmﬁi% [79]

LRI 1PN

M2 ELISA 0.55~3.82 ng/mL 0.55 ng/mL 72.3%~101.3% LS SRR A2 BRI i [80]

ELISA 5.19~2 762.00 pg/L  2.12 pg/L 85.27%~113.07%  F i AL A 13 [21]
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Table 2 Comparison between conventional and novel rapid detection technologies

il e PR/ #AE

6
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7 ik T mEaW BLEREswE e EMA MR ESEARRM  HREEBINS TR
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0.001~10.000 5 G BRI P 0 A .
KA HRFIR R e e BT & B R VAR B A TE % XU

G LB 24 A NEOs 5 B Kl Ho A 77 76 795 K
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