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Detection of clothianidin and thiamethoxam in ginger by quantum beads
based fluorescent immunochromatography
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ABSTRACT: Objective To establish a quantum dot microsphere based fluorescent immunochromatographic
method for the rapid, sensitive and simultaneous detection of clothianidin and thiamethoxam in ginger. Methods In
this study, the labeling pH, antibody labeling concentration and reaction buffer system of the 2 items were optimized.
The fluorescence signal intensity of the test line and quality control line on the test strip was measured by the quantum

dot microspheres test strip detector. The concentration of clothianidin and thiamethoxam was used as the abscissa, and
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the ratio of fluorescence signal intensity of the test line and quality control line was used as the ordinate to establish a standard

curve. Results The quantitative detection ranges were 0.0625-8.0000 pg/L for clothianidin and 0.125-16.000 pg/L for

thiamethoxam. The minimum limits of detection for thiamethoxam were 0.032 pg/L and for thiamethoxam were 0.070 pg/L.

The recovery rates of standard addition for clothianidin ranged from 84.60% to 124.05%, and for thiamethoxam from

88.27% to 116.40%. The cross-reaction rate with 8 kinds of common drugs is less than 1%. Conclusion This method

features unified sample pretreatment, simple and rapid operation, high sensitivity and simultaneous quantitative results

for 2 analytes, making it suitable for on-site screening of large batches of samples.
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BE 1 j#% (clothianidin, CTD) F1 ¥ 1 1% (thiamethoxam,
TMX) ¥ 2 55 AT R A% S50, A R 2 P JIE
ZAR, A B SRS EN Y, FE T RR KR
i RBIEEEY) sE | il & CREGERME
B BEH H RHa H o B CcTD 5 TMX iy
ASHE T B 5K R iR B IR AN B B b e e E S
RURLE, W AKIIEA CTD 1 TMX MBARK M, 5]
AL . MRS S s SO, 28 R R IGA TT LB | A g
M R R PR 2 A R A48T
HBHIET CTD. TMX FEBE SRR o 0 I e 4% B8 B A,
2025 4 1 H, SEEBUNEATRRBGLEASIE, KL 3 Fh
FHRZE AR 2 B 2 A, BAARTR S 578 TMX ., I
g, CTD F47= i (https://cn.agropages.com/News /NewsDetail-
33648.htm), HAF[E GB 2763—2021 & ih L FE 5 b &
i HAR 2 IR R R B R L, A28 CTD MIRRER AR
A 0.2 mg/kg, TMX MR AT S 0.3 mg/kg. CTD I
TMX RNz, el 7eAE Z R A2 b A,
A ZEH G TMX & CTD (R Ee s O, {2 2025
i, 2EZHTTGEER &L T ZEEZE S CTD, TMX
PRI ZEAE, n: 2025 4F 4 F, il EL KSR BEAE &0
W R P A S A B A= 22 CTD & 547 1.0 mg/kg; 8 H,
BEPE A K BT 3 A8 TR P A8 S R 4 5 i A 22 A T,
JRIR CTD SZME 434 0.56 mg/kg Fi 0.39 mg/ke; 10 A, 1T
{HETH I NFERSRE BT B A 2k CTD, TMX
WGEAR, T ERITE Sl . Rk, —FhREns s R
A= ZEH CTD M TMX R R o A X

FIi, CTD Al TMX A6 32 24 JOH (k1)
TR (- 10 IR G W R T R e JE
PO 20NAE B RVBUAR €0 o FTRM €3 - T A A R
1) R AR Sk, (H R TR R A B B L RS B T
T B AR N B3 TCTE S BB A6 I S5, MELLTE
FEJZAFBNTVZ N o TR i 1R B P AN st ) 5 A S
i, (AR AR (R A AR BTl 3L 0 = rh ik
AP G 2T B RS I AR 4 S SR AT I A2 e s

i, Hrp RS G TR YOERE . L3rEH ., v
PRIIR F WM 25 2R, 3545 e 3200, (HRAAAE R BUEA,
SUREE MR A il P20 TR, SR e 7 ARG R A
it PR A S 9 i BE AR IC MR E R (5 5 R, 23R
e R O SR B A (RS A i, 38 R SR P I R A R
H I 18] 43 B¢ YR 242 | SR FUBR ¢ VG AT (fluorescent red
isothiocyanate, FITC)Z¢YGiak> 214, &7 Mo ek
(quantum beads, QBs)/& H 15 A K15 i F 5 K FURL 2 i)
BRI R, B TR EE S . R s R
Pai, A BT 300 G 2 M i A R AR AR e DO,
P4 B Skl A 1 S g ik S E AT 4R AR
SRR A REUEEF] 0.39 ng/mL.

ARG T — R BT F SRR 5L 0z 28
PRI 7 vk, Mg T AR 0 e R S g )R AT R
REERPER L A, £—Hi4058c LR LIFIR A CTD
A TMX, {7 B AR A4S AT — U i Ak 28, B AT 45 21 P 10 it
R 25, k2 CTD M TMX bk it 25 343t 7 a4
PR AR EE, EAT ) a0 R A .
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1.1 FE5RF

XYZ-3000 1% A% (75 F Bio-Dot /A ]); AF-100 &8T5,
TRER 9% % S 43 BT AN (T TG 4 35 A4 W BB A R A |,
QYC-211 fHIRIRFH R F740 . DGX-9243B-2 fHili T4 (-
TR FD SIS P45 AT RN 1 ); H2050R 550 LGN g AL Sz
EAURA PR H); JEM-2100 BB E(H A JEOL A H));
Zetasizer Nano ZS R (3 [E H /R SR A BR A W)

QBs(FiE & 10 mg/mL, 200 nm, #{ & %K 365 nm,
KEF K 610 nm), CTD A 5 [EHIAR(CTD monoclonal
antibody, mAbcrp). CTD FTJR(CTD antigen, Agerp) . TMX
A5 P A(TMX monoclonal antibody, mAbryx). TMX i
JF(TMX antigen, Agrwx). FH0RITAQLIGYEIR A DB
BBRAHD; 1-G-Z R &N EL)-3-2 30 WAL R 5 |
N-FR LA CBE P IAE (S0 B >98%, 1 [E Sigma /A H); il
TR LT 4k 2 I(NC JIi, Sartorius 23 ]); BEESLF4idh | Wk 48,
FEAR (L bR E AR A R F); CTD TMX il HLobk
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MERR, AR . SRR EEM . K. k.
2B SR v S (L2 >99%, {8 1E DR.E /A ]); I A
% F(bovine serum albumin, BSA)(4LEEF>98%, [ifFH: T.A4=
IR AR AR, BRRE AN B T E ., Adka. &
L8R, 2-Nguk TR . 3-MO MR N EIR . 4-55 2 SLURE 2T
i, =R H LI e (o tral, LigEBTh T AR AR By
R,
1.2 XLWHE
1.2.1 QBs-mAbcrp % QBs-mAbryx 13 5 #8449 4] &
QBs-mAbyx f7 5 %44 B 10 pL QBs (10 mg/mL),
JIA 990 uL 0.01 mol/L PB (pH=6.0), #75 2 min, fIIA 64 puL
1-(3-Z SR 3E)-3- 2 e — W e Eh W £8(0.05 mg/mL, FRAC
BLADFI 64 L N-¥2FERTCHE ALY %(0.025 mg/mL, BLHL
LA, 737 °C 120 r/min &K H 4% 15 min J5 /il A 200 pL
mAberp (20 pg/mg), 7E 37 °C 120 r/min ¥R P HED 1 he
A 100 pL B M (15% BSA)EH 1 h, BUHETE
15000 r/min #.0> 15 min, 32 HIEWR, VIVEM 500 pL &
HMERERBRER, BRI BIRBIZS G484 .
QBs-mAbpyx & S HE &k b, ek AL
100 pL mAbryx (10 pg/mg).
122 BF SMRBARAT Y AAELE R
QBs [HIES A /N 3 3% B B 5% (transmission  electron
microscope, TEM)Z1E, QBs. QBs-mAbcrp X QBs-mAbryx
IKABRIAE ] Zeta HLALIE 1L b7 AU FRAE
1.2.3 R4 EWH A&
ZBOCER[32]0 R g04%, IFmbUE . BAREAE
T: ¥ Agerp A 0.01 mol/L Bl ER 2% v W (pH=7.4, PBS)
2 0.3 mg/mL, Agryx il 0.01 mol/L PBS (pH=7.4)#: %
% 0.15 mg/mL, P RPLA 0.01 mol/L PBS (pH=7.4)H

% 0.5 mg/mL, F54E T XYZ 3000 BEEAY, DL 1 pL/cm g
BT RHE RFR RN T NC B L, X RAEAREIZ 1 (T,
2R) HRIMILL 2 (T, 20) 5 FELR(C £R); FEmiiRif 9 NC g
T 37 cCHEMR TRAA T TR T, FRAEASR 4558 NC
JEE . IROK AR AR B G 2028, BRI LUl s & 1
iRk, BaARTT.
1.2.4 w7k

[ AN R ANREFL AT A 90 uL FEASIR M, 7E 37 °CHiF
Bas RN 10 min, FEFRERDOG A /3 e
Hf55, 158 T LM C LRE SR K HE.
125 RAEFHaHA

Pl pH (5.0, 6.0, 7.0, 8.0. 9.0), tRiCHUIARF Rk E
(5. 10, 20, 40, 80 mg/mL). FRICLEMIRACTr: BERRELZE
' ¥ (phosphate buffer, PB) . 2- M Wk Z, 1§ R 2% vh WK
(2-morpholinoethanesulfonic acid buffer, MES). 3-NEkP AR
2% M (3-morpholinopropanesulfonic acid buffer, MOPS), 4-¥%
2 LR 8; 2 fil BR 2% v W [4-(2-hydroxyethyl) piperazine-1-
ethanesulfonic acid buffer, HEPES]. =¥ RLaILH biZgnh
W[ tris(hydroxymethyl) aminomethane buffer, Tris] A 5#.[H &,
XPRAUR I TSR AL, Ml T &M C K9OUES
SR JEE 1) LG AR RII I 2%, SEBURAL T 22280
126 & F &M KALEENELZTHMNELT CTD
F» TMX

(OFEAS YR A0 2T

PRI 2 g20.1 g ZELAEAR, A 5 mL 80%Z IHHH,
P23% 2 min, BV 0.01 mol/L i PBS ¥ Wi B 10 fi
PR B RF IR A TR o G0 SRS 25 SR R 00T H g B G
W, WA 0.01 mol/L 1 PBS M5 I P A TG B i
FOEIN, A0 I &5 SR SR LAFR R BN e R 5 51
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Fig.1

Schematic and schematic diagram of quantum beads immunochromatographic test strip
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¥ CDT finbr i ik & 1 & 0.0625.,0.1250., 0.2500,
0.5000, 1.0000, 2.0000. 4.0000 1 8.0000 pg/L 8 5 fifk
BE, B TMX AR EE BN 0.125, 0.250, 0.500, 1.000.
2.000, 4.000. 8.000 F 16.000 pg/L 8 Nt fEE, H4
R T R ACSAKIN 3 Yk, 4 AR 2R

Q)7 ik HE

WILAE 3 A FIRAEZREA IR, bR CTD %
BN 0.1, 02, 0.4, 0.8 mg/kg, TMX &% K 0.15, 0.30,
0.60 F1 1.20 mg/kg & 4 AL, TR ZAG 8 LM IE
W, 54 5 R B (coefficient of variation, CV){5-3 ¥k
PN B

(DS HEPEM

TEZS AREARAN 8 By ALY mb ki, Mg UK |
FLE B 2R R L KR R 2R,
LR HREYA 100 pg/L, FRAERMARAEEREM, 1T
BT M C A5 5mE R E, ASRMEIZR A3t
g5, @ LT AR R W B 38 SR F/%=(TF
U0 P /3 S 0 T )< 100%,  FE R RN EE 4 3
W, MR R

(5) T 3l 2 h £ 1y sl

A ARG 523 1 min FFAR, 4555 30 s #aill—1k,
TCSEBIERIEMEI A OG5S U, —JE 20 min, PP
GREB AR AR, DAPFASAS IS A e (AEAGI s ]

1.2.7 ARG -8 BHEN E 5 &

FEASHTALPE: BRI S g(KEH 2 0.01 g)ilAE T 50 mL
BUDE T, W TS 5~8 mL K, BLH{RRE
BRI AE, 129 0.5 ho IA Z B8 -2 15 V5 TR 2 15 T 7K s fik
Bk 20 mL, ¥ 0.5 min, $£5], 7€ 40 °CLLT #75 $2HL
30 min, 4000 r/min 25.(» 10 min, B F3#§ W% 1.0 mL, i
B BT R E AR ZE BG4, BIZUHERE 1 min, 4000 r/min &
> 10 min, BCEFERA 0.2 pm JEMEEE, FRAR G- 5/
A AE

IS B3R ZORBAX SB-Cig (3.0 mmx100 mm,
3.5 pm); Pk 0.25 mL/min; FEiE: 35 °C; #EFEEE: S UL ; ¥
(b)

0

Zetaf3fii/mV
B L
(=) o
T T

b
S
T

—40L

A A: 10 mmol/L ZBRE%(0.1%H iR), B: HIEE, BAEFVERK .

B S B s B R P B S
T Ry = 2 R il BRI 350 °C; B
Wik 11 L/min; FESIEE: 300 °C; T4 E: 9 L/min;
FALSE ST 35 psi; BANGEHLE: 3000 V.,

1.3 HUEAIE

HiE oy M B 2 B R Microsoft PowerPoint 2021 I
Origin 2024b 3RAF5E B BRAE S A U, iR2ELA3R 3
SRR AE IR

2 HRED

2.1 EFRMIKRIRETHIRIE

% 2 2 QBs J QBs-mAb HYRALE], BFEMNFORIESL |
2187 L] B AR F1 24 RT3 A4 BE BAIE mAberp 5 mAbryx
1E QBs FRIH FRIRACR I, K 2(a) TEM RAEZS R R,
QBs Z2 I MERIZIE SR, BT S35 550K T 5k a5,
& 2(b) Zeta HLALIAZE LR, RMEBHIRR QBs B
RIS A REA R B S P-37.2 mV BRSE OB, T4
HIMERE mAberp 5 mAbrux 5, H Zeta HLAISMHI EFHE
-29.6 mV. -28.9 mV, HAM ETHE TP FII4E5 5
Bk (fragment crystallizable, Fc)Z&FL5555 [IF AL A1 5 QBs £
T 70 P S5 AT 5 5 A 45 6 DT R RIS 40 L o, X — A8 Ak
WE B R UE TR o B, th R B E A e R
IF AR E M Sk, B 2(c)sh AU IR 2R,
AR QBs ALK N 199.2 nm, HEE mAberp 5
mAbyx G AY QBs-mAbcrp. QBs-mAbyyyx /K ALFIAE 3
I3 226.6 nm ,219.5 nm, IFS>]5E 27.4 nm & 20.3 nm,
iﬁ*ﬂ;‘iﬂi; mAbcrp 5 mAbryx Eﬁiljﬂl%@éi QBs %%Eo
IS QBs-mAb &G W R4F B4 ek 5 B iR g e v,
AR S5 SR G S A D R A% o bR T PR B

2.2 mIERHMKL

AL mAberp 5 mAbryx 75 QBs 2R I 1) 1 55 (B 3
RIE SRS, 2 BIXARIC pH . FRiCZE ik R K Piik

MR
- A

QBs-mAb. /\
QBs-mAbqyx A

1 10 100 1000 10000
FRAERAE/nm

Vil ©
QBs  QBs-mAbqp QBs-mAbq,

i S

& 2 QBs fl QBs-mAb [ E/E
Fig.2 Characterization of QBs and QBs-mAb
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FH1TE

22.1 pH#ALLZER

ipd 3 R, W 5.0, 6.0, 7.0, 8.0, 9.05 1 pH b
JEAKRFRIC RN pH AT . S5 LB RE A R 2k
Y5 R BH A A A O e AR, LR IR
pH XS RE A2 IR L 45 R, 24 pH M 6.0 i, CTD 5
TMX %R B T Zesotam Bk i, 2 pH 4
PR QBs MBIRACE i m, fRidE GV IOLES
B e 74y TRVASE, 9 3 1 E A 0 o 3 b T 45 v /K
Vb B B IS P R4 BT (0 S s TG P, B sl A
PR FE LB R RGN o 2552t BT B BH A1 ) S X A
bR, #5E 6.0 4 mAbcrp 5 mAbqyx ARiC H B fE pH .
222 FARFRICLE PR R A HRAL

A 4 fs, #E PB, MES, MOPS. HEPES, Tris 5
AN LG A R A THUARR G sA R Ak . SEE LLRA
PR A 0 28 ¢ 6 5 R BEPE A1 i) 2R A Ay S B PEAN H 4,
CEAPEPIAS IR 2 vh A R XA I P RE A B2 M . 45 SR B OR,
SR PB PR AR Z I, CTD 5 TMX % (14 B 1 2%
ViR BIEE, RO R T i O i) R, R,
T B4 S e A £ 2 Y i Bt Ak T /K, B8 b
WABE A IR BEPLA S QBs M BEXACE iR, ricE &M
WMAT SRR TE Y o L5 D3R 3 B PEE B ) 3 X 4
br, #iE PB 2 ¥R mAberp 5 mAbyx Aric B R AESR
(AR NTRE 2L N

15[ mmm 0 ng/mL 180
ve 12 —'i— ifﬂ]‘iﬁﬂ? . 160
= o R )
B ot "
& 140 5@
= 6l E
# 130 s
X 120
= 3L
10

5.0 6.0 7.0 8.0 9.0
pH

223 ARiLHAR A FHAL

ik 5 R, WE 5. 10, 20, 40, 80 pg/mg 5 ik
FERE BRI T AR e ARk BE FH S04 . S0 LABH M ]
ARy BV FE bR L B R A A I 2R 5 S5 B 27 5 1T
S AS [ B0 AR T v J3E Sk AG 0 1 BE P R . 45 R UK,
mAberp £ 20 pg/mg BN, FHAEI G2 m BB
Rl £k e e fm 5 i B A TR K, RFRWET
mAberp 5 QBs MEKFCRIE B, HARELS HUA R R 47 %
PEIEME; T mAbpux 76 10 pg/mg W& EERF, 7T [ B i f2 BH
O ] 23 AR X A i 5 S A A 8 2 A i A e T R
Xt IO IR 5 e T R I P AR S B O o 25 S O B e
FEHEAMS R E AR, #1F mAberp ARCHRIE N 20 pg/mg,
mAbyx FRICHE R 10 pg/mg.
23 ftrfEfhZ

L)L CTD Fl TMX B B M ARPR(X, ng/mL), DA T £
C BIOEMF TR A NAPR(Y), B FRENZR, E 6
Jizm. CTD FruEfh ket mla 5k ¥Y=0.044+2.966/
(A+X/021 D)) WA ZRE 25 0.9998, & A6 T
0.0625~8.0000 ng/mL, #5HiBR(limit of detection, LOD)
0.032 ng/mL (H1 IC10 H4EA5 1), TMX ARk hiZedett: )34
il ¥=0.004+3.555/(1+X70.599) [BIHZE%L  H 0.9996,
EEMIMFEEA 0.125~16.000 ng/mL, LOD 4 0.070 ng/mL,

&3 CTD # TMX B¢ pH k4L
Fig.3 Optimization of pH for CTD and TMX

480
18 | MO ng/mL CTD
[ 0.25 ng/mL 170
§ 15 | —=— M= 460
X
® 12} ___ixi 450 a\\c
E . 140 ¥
> r HE
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3r 110

PB MES MOPS HEPES Tris
S

16  mmm 0 ng/mL 180
0.25 ng/mL
[ T e
o127
g f
— 460
x 10 }/ \.\E/{ RS
| z
R {40 B
}ﬁ_i‘\( 4 30
o
0 20
5.0 6.0 7.0 8.0 9.0
pH
I 0 ng/mL -1 80
15T g 0.25 ng/mL T™X
_ —u T2 470
s 12
X \ /i\.“ 460 §
B o9l ¥ i 5
B 450 ﬂ?
B 6l g
# 140
[@i\(
3r 430
20

PB MES

MOPS HEPES Tris
P!

Pl 4 CTD il TMX BB ni ik R 914k
Fig.4 Optimization of buffer system for CTD and TMX
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mm0ng/mL  CTD 180 EmOngmlL  TMX 7100
18 - @025 ng/mL 470 18" w025 ng/mL 190
& 15t ﬂ—m%ﬁ 160 A e L kS 180
X o ‘; /i 170 o
w12+ 150 = 12t i 160 <
H Ja0 X = 150 %
R 9r £ ;E 9 i
g 105 8 (0=
& e 420 ®°T 130
| 3 420
3 l- 410 i {10
0 0
10.0 200 400 80.0 5.0 10.0 20.0 40.0 80.0
PRI/ (ng/mg) PR (ug/mg)
K5 CTD il TMX Biitric e B ik
Fig.5 Optimization of antibody concentration for CTD and TMX
@ “4r () 41
3+ 3F
¥=0.044+2.966/(1+X/0.211)14 Y=£).004+3.555/(1+X/0.599)"051
o 2f =0.9998 2t O
= IC,=0.032 Q 0
—=
1F 1r
or or
0 2 4 6 8 0 2 4 6 8 10 12 14 16 18 20
CTDJ5T it ¢ & /(ng/mL) TMX 5t ¢ & /(ng/mL)
© CTDJi ¥ J&/(ng/mL)
e (=) (=3 (=3 f=) (=) (=) (=)
oo ) (=] (=] (=) (=) (=1 (=)
O N ) (= (=3 (=3 (=1 S
S — N g S S S S
(=] (=] (=] S (=] ! (o] < [>]
CTD
TMX
(=] = (=1 (=3 (=] (=1 (=3 (=3 =
e} (=3 = S = (= S (=3
[\l ) (=4 (=3 (=3 S (=] S
— S ) S S S S S
(=] (=] (=] — (o] < [>] \2
TMX 5 e & /(ng/mL)
F: (a) CTD RIFRHERNZE; (b) TMX BIBRHENZE; (/RMBRANSAAE R IR [ EE CTD 5 TMX FF 58 BUZ T RS B o 10%3H] 2 (10%

inhibition rate, IC10),

&l 6

G bR A I £

Fig.6 Standard curve in buffer

ZOTE IR E AR BRI R A ROR I R . S5 A
HEM 2 S REATT L B BT RO 5, o Ay i K A 22
FEAT, CTD By AL 4 0.04~0.60 mg/kg, TMX
FE R A 0.1~1.0 mg/kg.

2.4 FEREWERINERE

TR E SE S R RICR 5 OV BIEA T HEr e
W, BARZE RN 1 FiR: CTD BIIARMREE /> 5114 0.1.0.2,
0.4, 0.8 mg/kg, XN [FIICRILHE N 84.60%~124.05%, CVs

JEFER 1.07%~9.38%; TMX HIMARMESE 435108 0.15. 0.30.,
0.60. 1.20 mg/kg, XN ARG RN 88.27%~116.40%, CVs
JEFECH 1.17%~ 12.48%. FRBORZRHIZ 7 I A M B
iRl
25 HEEM

WE 7 7R, N ZRGER IR E N7 1 i 1 SR 2
PERNTEIRE S, BRI 8 Az A H AR ZGVE N T
P FF A NS . Z5 SRR, TR it 8 e
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R1 FEEWEMERE

Table 1 Recovery rate and accuracy of the method

TMX CTD
FEA e fir Sl TR il
TbRik g/ A/ a 1% % CVs/% JbRIR Y A/ ] /% V%
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
0.15 0.14 96.53 1.17 0.1 0.10 99.50 455
1 0.3 0.32 107.25 3.58 0.2 0.21 104.43 6.20
0.6 0.62 102.91 5.58 0.4 0.38 95.20 5.24
1.2 1.20 100.09 5.71 0.8 0.84 105.45 9.07
0.15 0.17 116.40 478 0.1 0.12 124.05 473
0.3 0.34 111.72 6.52 0.2 0.23 114.53 4.97
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Table 2 Consistency analysis of the 2 kinds of detection methods

LC-MS/MS J7 Kl ATy A
FEA 45 5 /(mg/kg) 45 4 (mg/kg) o
45 HR
CTD TMX CTD TMX
1 0.47 ND. 0.51 <0.10 e
2 0.35 0.66 0.32 0.63 e
3 0.71 0.94 0.68 0.99 e
4 ND. 0.59 <0.04 0.62 e
5 ND. 0.62 <0.04 0.58 e
6 0.87 ND. 0.89 <0.10 e
7 1.52 0.42 1.51 0.39 iEss
8 0.48 ND. 0.45 <0.10 e
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10 1.02 ND. 1.16 <0.10 e
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