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Performance evaluation and application effect study of colloidal gold
immunochromatographic test strips for imidacloprid
and acetamiprid
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ABSTRACT: Objective To study the application effect of imidacloprid and acetamiprid colloidal gold
immunochromatographic test strips for residual detection in different matrices. Methods The experiment examined
the detection limit, sensitivity, cross reaction rate, specificity, false positive and false negative rates of 5 kinds of
different brands of colloidal gold immunochromatographic test strips circulating in the market in vegetable, fruit, and
tea fresh leaf matrices. Results In 3 different types of substrates (apples, cabbage, and fresh tea leaves), false
negative results were observed at the limit of detection of concentration level for each brand of colloidal gold test
strips, while the sensitivity of the other concentration levels was good; both specificity and cross reactivity were
negative. In the investigation of false positive rate and false negative rate, the false positive rate was 0%, but there
were cases of false negative. Conclusion The colloidal gold immunochromatography method has the characteristics

of simplicity and speed in detecting imidacloprid and acetamiprid pesticide residues. In the detection of vegetable and
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fruit, the judgment results are relatively accurate and reliable, in fresh tea leaves, due to the influence of matrix effect,

the probability of false negatives is higher.

KEY WORDS: imidacloprid; acetamiprid; colloidal gold immunochromatography; quick detection
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Fig.1 Schematic diagram for determining the results of
colloidal gold test strips
132 Kk
2t 152% GB/T 20769—2008 (AR FIFEZEH 450

Pl 25 B AR b 2 bl A% BE i BN A VRO BB T - AR R B
W) REE . RRSE L EPE SR A B P R 2R M i
& Gy TR RSt A R
133 wbkuk, s kAR EEREA . R RGIFERE
i B

N e IR T 5 VA T TR RS DUt ARV Y AR T
i1 mL, HEERZT 10 mL &, Bk 100 pg/mL ik
WHRER TR 2T W DR R TR 2 VTR VEERA RS I o PRV R
FRUEPIET 1 mL, HESESZE 10 mL ), FCHIAL 100 pg/mL
W KPR 20 2R RARERB AT MERGFRER 11.32 mg
ZERXTIG, B 10 mL &1, FEFRTEE, 85,
ViR 22 TR RARHERE 2 T T3 SRR AR 2 T HERR RS L
FEACMIA WS EY) R 1 mL, RS ZE 10 mL 8, FHl
B 100 pg/mL FEFLMBRAERE A T A JB(3-RHE v E )
PR UEGE 75 T WER RS BT A B (3-F0 3 7 E B0 T T b
YR 1 mL, FREEAZ 10 mL £, A% 100 pg/mL 7
BB G-FE A BRSBTS R
WERRS B B TS TR TE T 1 mL, HEE % 10 mL i
i, B 100 pg/mL T IR ERE AR
1.4 HIELIE

K H] Adobe Illustrator CC 2018 #EfTERZK, %A
Excel 2016 #AT5UR ST HT o

2 HER5HH

21 WMHRAREE

fKHE GB 2763—2021 { &L L EFRME &R
SRR B R AR AE ) vt s bk ATt BRAE SR | R SRR
MR, FEORESLT . ASIR] A R A R A . R
YR TR A [ e 52 758 8y bt HR ok R BE SR BRAR VBV IR, TR &2
SER. FIEERIAS s AR, IR 1301 A5 SRR ARG
PR ARSI AR, 54k BRI R SO Ui i
g 1 FoR, Rl BRGRBEENGR 2 FR o SEREs R Bl
B 2~3 iR, A EAIRUCH 25 LGSR BIE) | K R (2R
BEE) L A6 BR (25 SR BHAE) | 0.5 MRL(&EFBHTE) . 0.5 MRL(4%
SEFHM) . 1.0 MRL(ZE S FETE) . 1.0 MRL(ZESRBATE) .

F1 MM, GERBCRIKE

Table 1 Addition concentration of imidacloprid and acetamiprid

Kl S5 5 2 H

W

KR 1 (AL B &)/

KiHiBR 2 (C. D, E Sk

0.5 MRL/(mg/kg) 1.0 MRL/(mg/kg)

(mg/kg) (mg/kg)
HIR / 0.05 0.1 0.25 0.5
it H ok 3 / 0.05 0.1 0.25 0.5
2t / 0.05 0.1 0.25 0.5
R / 0.05 0.1 0.4 0.8
WE H K M3 / 0.05 0.1 0.5 1
P / 0.05 0.1 5 10

e R HO B SRS USRS 0, T IE); d i % B B (maximum residue limit, MRL),
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Table 2 Detection results of colloidal gold test strips for imidacloprid and acetamiprid

Kl 2% 5 iy ZEH Kz Hy R 0.5 MRL 1.0 MRL

A - + + +

B - - + +

HAR C - + + +
D - + + +

E - + + +

A - + + +

B - - + +

i o b FI3 C - + + +
D - + + +

E - + + +

A - - + +

B - + + +

Zm C - + + +
D - + + +

E - + + +

A - - + +

B - - + +

FR C - + + +
D - + + +

E - + + +

A - - + +

B - - + +

g HU Pk BES C _ + ¥ +
D - + + +

E - + + +

A - - + +

B - + + +

Znt C - + + +
D - + + +

E - + + +
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Fig.2 Example of detection results of imidacloprid colloidal Fig.3 Example of detection results of acetamiprid colloidal

gold test strip gold test strip



%3

FEEGE, S b R HRAIE PRI (A< G e 2 Mk AR A PR RE TR AL B SR 5 137

HRHERSI 5 5L, 25 St MRS A 42 U ATAE 3 FiOR [R] 28 70 5k
JRGER . ASEMZEEEM)H, 0.5 MRL LA K 1.0 MRL ¥R
TP A0 s A SR Wk Hh b | R PR A H B
FAMAKFAR, B4R A A A v RE R R B A g 1T o PR
TEBAYEE B, KA
22 HBEREMMTXRNER

PR Hampk . B HOBKR L fb R 250, THE R LW
R, M WEHBG-RERER) . BRI 2R
MR B | AR A 4 I AR A% 38 XU B R AR S . i
Hil 1 pg/mL MRk Amk . mE ik, 2R R | BEIEM ., 3R
AR RTE ARSI, WS R s U,
H 58 5 PR IR SR AR SRR S RIS SURUBE R, N 3 TR .

MR, BEHUK . ZR R B 3BT E .
HHE 6 Fh 2 i%%E AL B, C. D, E S FlihiR At
AR AT I S R M2 A 4 IR AR 2% I R S P R S SURO R e, 5 51
SRR, UG B b R E PRI AR AR AT R R S
2.3 EBRAMEMERMAEMRE

SEBRARE S ARG I B IRAAR AR AR AR PR BB 5 il
SRS R ESER S ANASEENT, AT R IR A AR S B R
AR A AEATRE, Forb 2 403 FF itk i, 2 473 FH e e

JRASIN, L3t 300 SRR, 28 I BOIBR RSN 25 5 A 14 41k
AAARIITE SR BIOER . (SRt 2 R, 4%
RS SR 0.5 MRL | 1.0 MRL ¥ B2 fry bk Ho R i s s
WA 54N, L3t 300 MFESL, 255 4NR 4 R, M3k 4
PRI LIE H, SEBREESE . KRR AR, RS
B, RPHEESRCE 0%; 25 FIRESRSETA N 0.5 MRL A1 1.0
MRL ¥ 8 7K STy ik B b A B BRPR TV R, 0 SRRk SR 2L
i AL B, C3 AR S g A8 BE A H, FA
PEREH 0%, D S RAENE BRSO Fh 32 SR 2RAE 0.5
MRL A & ARG IEW RS, FE AR, B AR E f
RSB RIE T | AS R EATEN, A WA 78
BN ILT h, SRR AR B T R h S K e vh AT LR
FATAE R, 1S —E BT, 2aR
1.5 (i FE PR (TR, (AR AR B TR, s s )
e, 4 shgEH, MRS S5, AL C. E Sk
FRERS Y, IR EEZ 0%, B Fl D A4 AE 0.5 MRL 1 1.0
MRL ¥R IR 5O T A — B R BAMES B, 359°h B
AT, R, nERSEL AL B C BN RPERH, )
B30 0%, D fiMAE 0.5 MRL F1 1.0 MRL WI=#HG TG
PR AR AYERS B, SER | SR IE R R s i P
4 JIT7R, A3 T ARTE BER AN S TR .

F=3 WA, ERREASRAFFEFENZEEMEER

Table 3 Results of specificity and cross reactivity of imidacloprid and acetamiprid colloidal gold test strips

i sl fE AL I o ZHR AL 3-FRBE T A R HEE
A / - - - -
B / - - - - -
Ol L P e A c / ) ) ) ) )
WA
D / - - - - -
E / - - - - -
A - / - - - -
‘ B - / - - - -
e Dk e P 4 c ] / ] ] ] ]
RIS
D - / - - - -
E - / - - - -
R4 BRESKRAFRIAERMEBAMLE
Table 4 False positive and false negative rates of colloidal gold test strips
i B RIS 7
AUlE S R O Y Y 05MRL(Z5[1 1.0 MRL(ZS [ 0.5 MRL 1.0 MRL
5 PHPE % _ . 3 A e 3 BA 2%
B A s s L S
A 10 0 5 5 5 5 0
B 10 0 5 5 5 5 0
ik H B EES C 10 0 5 5 5 5 0
D 10 0 5 5 4 5 10
E 10 0 5 5 5 5 0
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A 10 0 5 5 5 5 0

B 10 0 5 5 5 5 0

FR C 10 0 5 5 5 5 0

D 10 0 5 5 4 5 10

It E 10 0 5 5 5 5 0

A 10 0 5 5 5 5 0

B 10 0 5 5 4 5 10

Kt ¢ 10 0 5 5 5 5 0

D 10 0 5 5 3 4 30

E 10 0 5 5 5 5 0

A 10 0 5 5 5 5 0

B 10 0 5 5 5 5 0

3 C 10 0 5 5 5 5 0

D 10 0 5 5 5 5 0

E 10 0 5 5 3 5 0

A 10 0 5 5 5 5 0

B 10 0 5 5 5 5 0

g e R C 10 0 5 5 5 5 0

D 10 0 5 5 5 5 0

E 10 0 5 5 4 5 10

A 10 0 5 5 5 5 0

B 10 0 5 5 5 5 0

Zfif i} C 10 0 5 5 5 5 0

D 10 0 5 5 3 3 40

E 10 0 5 5 5 5 0

T f
LIRS
0 1

A A

[IEE S N € PV N PN ]
Fig.4 Example image of unclear color display for apples
and cabbage
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Fig.5 Example image of unclear color display for fresh tea leaves

FEBUE SR (F13) . KR CGER) P 1 D B s % 42,
of Rtk FE BT SRR B4 S B i R R AR 4 S SRR AR A
PEA PR BN R ARE | R PR A8 SUR I 8 A BH
RSy e 5% . R RI, & b MU IR 44U 7E 3
PR R ZS (R G . PSR 2R S ) G 0 Dt o bk
FngE Bk, 0.5 MRL DA K 1.0 MRL ¥ B 7R 7K F A 3 /2 %
ORISR, A5 B VR B TR I AKCPAIG, i 4 4k %
A B TR REA I [, & LR A TE . 5T
ZEE TR, BEHK . B R | A, 3R H AL
HRE 6 Fik 25Xt AL B, C. D, E 5 Flnih A ntt s ok
WE H DR A 4 IR AR A5 A 4 S P R S8 SO M, 45 SR 21 B
P, D0 I H bR AT AR bk ok L BRI AT A X UK,
BIRAMRIF MR RE . XTEE3E . ACRFIA S 17 PRk
ARG, M RKEH, IEPHTEERA 0%; SRFZS FZE
g, d T Bk 0.5 MIRL AT 1.0 MRL FRUEIS R, TE#E S
AKRBETT Y, 3 A R AR 4 IR AR 3 PR At ) 7



%3

FEEGE, S b R HRAIE PRI (A< G e 2 Mk AR A PR RE TR AL B SR 5 139

AR A — A BRSO AR B S R, R
TR A AR AR BT X B S UK SR BB T 1™ &, X%
fief I 35 0 P O BN K R, AEIRIBGE R, 5 B 2 G
MR HLERZS . ATIA MR R, 1 R — e R A
JE TR, TAS i e ) AR €6 25t B fil S T B e R,
15 IR AU 00 AT I, 2 A 52 PR 1 [ A, JF v e
K28, AP SALE 0.5 MRL 1 1.0 MRL %018 191
LR —E R R BRI B, Yok S AN T B, 5 i )
B BE R REINSEL, A5 — 4 AAE 0.5 MRL fi 1.0 MRL
PRI A TC B R R

ZE LT, T 3 A R 4 A 7 R T 3R
K IR vt s kR I b A 2 % R ARG I AR A A
Fi 5 G5 RAER AT RE, AEASEET R I b, BB L
RESE, Gyt AP S B i AG D R U e BE P R S A TS O,
XFATRY B A g B i . AR R B R ™ i 2
—, HRTIEARAT L VT X AR 24 5% BA RGN ) e 1 4 DRty
7= i, RGBT AR A A e 2 oA 2 % B ARG ) S
A 4 J A 4 IR AR A 7 i o
B E Rk
[1] SHARMA KK, TRIPATHY V, SHARMA K, et al. Long-term monitoring

of 155 multi-class pesticide residues in Indian vegetables and their risk

assessment for consumer safety [J]. Food Chem, 2022, 373(B): pN
PAG-N.PAG.

[2] RAMADAN MFA, ABDEL-HAMID MMA, ALTORGOMAN MMF, et al.

Evaluation of pesticide residues in vegetables from the Asir Region, Saudi
Arabia [J]. Molecules, 2020, 25(1): 205.
[3] FANJC, AN J, REN R, et al. Occurrence and exposure risk assessment of

pesticide residues in green tea samples cultivated in Hangzhouarea, China [J].

Food Addit Contam B, 2023, 16(1): 8-13.

[4] RFEZE, FESCH, AR, . LR THURR SRS % ED].
ALBLFE, 2005, 38(3): 511-515.

ZHU GN, GUI WJ, ZHENG ZT, et al. Synthesis and identification of
artificial antigen for imidacloprid [J]. Sci Agric Sin, 2005, 38(3): 511-515.

[5] SEAE, A, BUOY0S, AF. — it bkt s e R £
BRFRIL]. IR AR, 2013, 34: 6-8.

MA YS, FENG CW, JIA FF, et al. Development of an enzyme-linked
immunosorbent assay kit for rapid detection of imidacloprid [J]. Shandong
J Anim Sci Vet Med, 2013, 34: 6-8.

[6] BARBOSA-MEDINA AM, MACIEL EVS, DOS SDM, et al.
Neonicotinoids exposure assessment in Africanized honey bees (Apis
mellifera L.) by using an environmentally-friendly sample preparation
technique followed by UPLC-MS/MS [J]. J Environ Sci Health B, 2022,
57(4): 252-262.

[7]1 ZHANG ZJ, CHEN QP, HUANG H, et al. Ultrasensitive immunoassay for
the determination of imidacloprid in medicinal herbs [J]. Anal Lett, 2023,
56(11): 1843-1855.

[8] 24, BREIG, EAR, 55 RMRAE SR THURIE RS RAE).
TR 2E B, 2010, 38(4): 18-22.

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

LI GL, CHEN XL, WANG ZL, et al. Synthesis and characterization of
artificial antigen of acetamiprid [J]. J Henan Inst Sci Technol, 2010, 38(4):
18-22.

BALAYIANNIS GP, KARASALI H. Determination of azoxystrobin,
topramezone, acetamiprid, fluometuron and folpet in their commercially
available pesticide formulations by liquid chromatography [J]. J Environ
Sci Health B, 2021, 56(5): 503—-511.

AKRAM S, SULTANA B, AASI MR, et al. Salting-outassisted
liquid-liquid microextraction and reverse-phase chromatographic quantification
of two neonicotinoid insecticides from fruits and vegetables [J]. J
Chromatogr Sci, 2023, 61(9): 875-884.

e, AP, SRz FEAR Tk ol 24 5% 1% AR 2SI O
@RS ED]. AR, 2002, 21(1): 70-72.

DAI H, LI YJ, ZHANG Y. Determination of imidacloprid in rice by solid
phase extraction-HPLC [J]. J Instrum Anal, 2002, 21(1): 70-72.

SRS, S XVFE . S RORAR I i Rk i sk R E S )], B
fORLAAUAE, 2003, (1): 52-55.

WU LQ, WU SG, LIU Y. Residue study of imidacoloprid by HPLC [J].
Mod Sci Instrum, 2003, (1): 52-55.

LIANG WQ, WANG JT, ZANG XH, et al. Barley husk carbon as the fiber
coating for the solid-phase microextraction of twelve pesticides in
vegetables prior to gas chromatography-mass spectrometric detection [J]. J
Chromatogr A, 2017, 1491: 9-15.

TR, R, BRI A S R R T 3R R 2 SRS (I].
bR ARR2E, 2004, 8(2): 54-56.

ZHANG SJ, WANG L, QIAN X, et al. Study on the residue behavior of
novel pesticide acetaniprid in cucumber [J]. ] Hebei Agric Sci, 2004, 8(2):
54-56.

LUTZ A, KERSTIN G, GUNTHER K, et al. Residue analysis of 500 high
priority pesticides: Better by GC-MS or LC-MS/MS [J]. Mass Spectrom
Rev, 2006, 25(6): 838-865.

JBEEE, ZE0E, L, W JGRRURAE YR X H KA S
S TERIO B, 255240, 2006, 8(2): 147-151

YU Q, QIN S, WANG X, et al. Dissipation of acetamiprid under different
temperature light and biological factors on phyllosphere of Brassica
chinensis [J]. Chin J Pestic Sci, 2006, 8(2): 147-151.

FU DH, ZHANG Y, ZHANG 8SY, et al. Validation and application of a
QuEChERS-based method for estimation of the half-lives of cyromazine
and acetamiprid in cowpeas and soil by LC-ESI-MS/MS [J]. Int J Environ
Anal Chem, 2022, 102(3): 650-666.

LIU QQ, HE QB, ZHANG SY, et al. Toxic effects of detected pyrethroid
pesticides on honeybee (Apis mellifera ligustica Spin and Apis cerana
cerana Fabricius) [J]. Sci Rep, 2022, 12(1): 1-9.

LIU G, RONG L, GUO B, et al. Development of an improved method to
extract pesticide residues in foods using acetontrile with magnesium
sulfate and chloroform [J]. J Chromatogr A, 2011, 1218(11): 1429-1436.
AMBRUS A, DOAN VVN, SZENCZI-CSEH J, et al. Quality control of
pesticide residue measurements and evaluation of their results [J].
Molecules, 2023, 28(3): 954-982.

ELSHABRAWY MS, KHORSHID MA, HAMDY A, et al. Optimization

and evaluation of four multi-residue methods for the determination of



140

LR

G A A

FH15E

[22]

(23]

[24]

[25]

[27]

(28]

[29]

[30]

[32]

pesticide residues in orange oil using LC-MS/MS and GC-MS/MS: A
comparative study [J]. Int J Environ Anal Chem, 2023, 103(16):
4061-4078.

ZHAO Y]J, LIU MY, SHUAI ZH, et al. Smartphone-assisted ratiometric
sensing platform for on-site tetracycline determination based on europium
functionalized luminescent Zr-MOF [J]. Food Chem, 2023, 425: 136449.
ZHANG QJ, SHEN Y, ZHUANG KY, et al. A “turn-on” approach for
rapid detection of tetracycline based on supramolecular aggregates of
water soluble perylenediimide [J]. J Photoch Photobio A, 2023, 445:
115014.

BRZ W, JAh, Wik ST AR IS G IRE Y U PR R PRSI vk F
FUEE]. PIZERTE, 2023, 37: 60-70

YAN ZY, ZHOU S, YAO ZY. Research progress in rapid detection of
tetracycline using fluorescent nanoprobes [J]. Meat Res, 2023, 37: 60-70.
HE SG, ZHANG SF, ZHAO X, et al. Highly selective NIR fluorescent
probe for acetylcholinesterase and its application in pesticide residues
detection [J]. Chin Chem Lett, 2022, 33: 4233-4237.

ALSAMMARRAIE FK, LIN MS. Using standing gold nanorod arrays as
surface-enhanced Raman spectroscopy (SERS) substrates for detection of
carbaryl residues in fruit juice and milk [J]. J Agric Food Chem, 2017,
65(3): 666-674.

BT, BB, R, S5 G AP ARERAG I U A A D).
AT 2R3, 2021, 72(5): 2413-2425

MAO JZ, XIAO SL, YANG ZC, et al. Application of synthetic biology in
pesticides residues detection [J]. CIESC J, 2021, 72(5): 2413-2425.
CHAUHAN N, PUNDIR CS. An amperometric biosensor based on
acetylcholinesterase immobilized onto iron oxide nanoparticles/multi-
walled carbon nanotybes modified gold electrode for measurement of
organophosphorus insecticides [J]. Anal Chim Acta, 2011, 701(1): 66-74.
HUO JQ, LI ZF, WAN DB, et al. Development of a highly sensitive direct
competitive fluorescence enzyme immunoassay based on a nanobody-
alkaline phosphatase fusion protein for detection of 3-phenoxybenzoic
acid in urine [J]. J Agric Food Chem, 2018, 66(43): 11284-11290.

LIN M, YING Z, CHENG JB, et al. Rapid detection of chlorothalonil in
blueberries by colloidal gold immuno-chromatographic assay [J]. Chin J
Pestic Sci, 2023, 25(2): 435-443.

LI XL, XU XX, WU AH, et al. Ultrasensitive detection of phenolphthalein
in slimming products by gold-based immunochromatographic paper [J]. J
Pharmaceut Biomed, 2022, 212: pN.PAG-N.PAG.

JEE, ATFY, EANAR, S R e AT VR R G S v s 7

[33]

[34]

[35]

[37]

K R TR A B R RIESE]. B 2 A B A 2 4,
2021, 12(19): 7606-7610.

ZHOU J, HE D, WANG BZ, et al. Application research on the simultaneous
determination of carbofuran, hydrocarbophos, chlorothalonil and tebufenozide
in fruits and vegetables by colloidal gold immunochromatography [J]. J Food
Saf Qual, 2021, 12(19): 7606-7610.

LIN L, SONG SS, WU XL, et al. A colloidal gold immunochromatography
test strip based on a monoclonal antibody for the rapid detection of
triadimefon and triadimenol in foods [J]. Food Agric Immunol, 2020,
31(1): 475-488.

XU XX, GUO LL, WU AH, et al. Rapid and sensitive detection of
flubendiamide in grapes and tomatoes wusing a colloidal gold
immunochromatography assay [J]. Food Addit Contam A, 2022, 39(11):
1843-1854.

WANG P, XU XX, LIU LQ, et al. A colloidal gold immunochromatography
for the detection of flumioxazin residues in fruits [J]. J Food Sci, 2022,
87(10): 4538-4547.

LAN JQ, WANG MF, DING S, et al. Simultaneous detection of
carbofuran and 3-hydroxy-carbofuran in vegetables and fruits by broad-
specific monoclonal antibody-based ELISA [J]. Food Agric Immunol,
2019, 30(1): 1085-1096.

WS, BEOW, (EEhE, S5 MR S R BORE & e A e
PR FWESELD]. o R, 2015, 40(2): 128-131.

ZHOU LY, LV BX, REN BR, et al. Research on application of colloidal
gold immune chromatography technology in food safety testing [J]. China
Cond, 2015, 40(2): 128-131.

(st Kk % m)

FHE mt, AIMRA, TEWRS
EARREMEAR.
E-mail: 22873041@qq.com

FRE, #HL, BIRAE, TEMRFE
AMARARGIRENR.

E-mail: lihuaiping@nimtt.com



