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Abstract Imidacloprid is a systemic insecticide which act as an insect neurotoxin. It used for control of
pest such as aphids and other sucking insects in fruits and vegetables. Systemic pesticides move inside a crop
following absorption by the plant, and these were converted into a variety of metabolites. Sometimes these
metabolites make a problem about safety of agricultural products. So a simultaneous determination method of
pesticide and its metabolites is needed, to monitor their presence in agricultural product and study on the fate
of pesticide in a plant. This study's aim is to investigate simultaneous analysis method of imidacloprid and its
metabolites, imidacloprid guanidine, imidacloprid olefin, imidacloprid urea, and 6-chloronicotinic acid in red
pepper using QUEChERS method and LC-MS/MS systems. QUEChERS method was modifed beacuase
MgSO, salts decreased the recoveries of 6-chloronicotinic acid in extraction procedure. Imidacloprid and its
metabolites were extracted by acetonitrile with 1% glacial acetic acid and the extracts were purified through
QuEChERS with primary secondary amine (PSA) and C;3 and analyzed with LC-MS/MS in ESI positive
mode. Standard calibration curves were made by matrix matched standards and their correlation coefficients
were higher than 0.999. Recovery studies were carried out on spiked pepper blank sample at four
concentration levels (0.01, 0.04 and 0.1, 0.4 mg/kg). The average recoveries of imidacloprid and its
metabolites were in the range of 70~120% with <20% RSD. This result indicated that the method using
QuEChERS and LC-MS/MS was suitable for the simultaneous determination of imidacloprid and its
metabolites in red pepper.
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£ 5, vEvn], 25 e 59 dis Aol
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Imidacloprid®} 7+ F54 woke AEA WFE 55
olFE] AT E AHadE AFATE FREA A=
Aol A ohest diakEEEe] A€ 4 At} Imidacloprid
%= A=A oA imidacloprid olefin, imidaclopird guanidine,
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Fig. 1. Chemical structures of imidacloprid and its metabolites.
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Ao AREE 7171 Agilent 1200 series HPLCO|
Agilent 6410 triple-quadrupole mass spectrometer (Agilent
Technologies, Palo Alto, USA)7} 42E LC-MS/MSE: ©]
L3t} ol 5L 0.1% formic acid’t 7 10 mM
NH,OAc buffer& 3} oldEvfo] EZ(MeCN)EY S ALg
sioH, B4 columne YMC-Pack Pro C18 RS column
(100 x 3.0mm LD., 3 um, YMC Co., Ltd., Kyoto, Japan)
< A&

Imidacloprid 3 = A=A ] HFHEME ¢l LC-MS/
MS9] ionization modei= ESI positive modeE ©|-8-3}%1 3L
MRM modeE ©]&stod #A8I5ith. tlolH A2= Mass
Hunter® Workstation data acquisition32 2 138 AM-3}91.0.
™, 71718422 Table 13 2t} 324 FAg +
&5t ¥ 2= 8-l (matrix matched standard)S ©|

el

Apgstel AeIT,

358 AFe IFAE 10gol 22t 4, 10, 40 mg/Le]

B aF) P Uss

imidacloprid 3 thARed EFEFENL 100 ulA H7}sk
o] 0.04, 0.1, 0.4 mg/kge] H=5 A5t o] 3
2 floll 71ed e s dAze 7R E s
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=
Imidacloprid ¥ 11 CHAFEE S| LC-MS/MS 24 =

Imiacloprid 2 = WAREZES!  imiacloprid  olefin,
imiacloprid guanidine, imiacloprid urea, 6-chloronicotinic
acid®] LC-MS/MS #4%71 Table 13 22H, LC-MS/
MS ZAZrFET#S Fig 29} 2t} ZH2te] Retention time
imidacloprid guanidine 3.12, imidacloprid olefin 8.20,
imidacloprid urea 8.35, imidacloprid 9.27, 6-chloronicotinic
acid 9.8%-0]%loH, TIC AZFIEI#S B olefin?} urea
9] peak’} A Holut LC-MSMS A FEA e JdS F
2] &AUTH(Fig. 2).
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Table 1. LC-MS/MS conditions for analyzing imidacloprid and its metabolites

Instrument Agilent 1200 HPLC with Agilent 6410 triple-quadrupole MS
Column YMC-Pack Pro CI8 RS 100 x 3 mm I.d. 3 um
Mobile ph A:0.1% Formic acid and 10 mM NH,OAc in water
ObIIe phase B: 0.1% Fomic acid in MeCN
Gradient table Time (min) A (%) B (%)
0 95 5
2 30 70
10 30 70
15 10 90
20 5 95
23 95 5
25 95 5
Flow rate 0.5 mL/min
Column temp. 40°C
Injection volume 10 L
MRM condition MRM Pair Q1 Q3 Retention time (min)
Imidacloprid 256.1 175.2,209.1 9.27
Imidacloprid Olefin 254.0 236.1,205.1 8.20
Imidacloprid Urea 212.1 128.1,99.2 8.35
Imidacloprid Quanidine 211.1 126.1, 90.1 3.12
6-Chloronicotinic acid 158.0 122.1,78.2 9.80

Ionization mode ESI Positive
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Fig. 2. The chromatogram of imidacloprid and its metabolites in LC-MS/MS A, Imidacloprid guanidine, B. Imidacloprid Olefin, C.

Imidacloprid Urea, D. Imidacloprid, E. 6-Chloronicotinic acid.

Table 2. The linearity and regression coefficients of matrix
matched standard curves of imidaclprid and its metabolites by
LC-MS/MS

Table 3. Average recoveries of imidacloprid and it metabolites
from fortified pepper crops using AOAC 2007.01 QUEChERS
approach

Analyte Calibration Equation R?
Imidacloprid Y =626876.7X-106.6 0.9989
Imidacloprid olefin Y =148061.7X+173.9 0.9996
Imidacloprid urea Y =1777998.8X+238.7 0.9999
Imidacloprid guanidine Y =2633740.9X-3584.9  0.9998
6-Chloronicotinic acid 'Y = 16083.1X-19.6 0.9993

SEZ AR Az}, 747} 1, 20, 1, 4, 20 ppb] AL LOQE
SN ratio =10 91 F== Z}7} 2, 40, 2, 8, 40 ppbo| AT}
TR EAe AL AR A8 0.5~100 pg/L A
o] F&o| FFEHEHS o] &3l EHFTHAES st
%At} Imidacloprid ¥ 7 HAREEES] THRTFAe] 2%
Al RS B5 0,999 o]0 2 |9 &5 513 THTable 2).

QuEChERS F£1I1H™9| %X 35|

QuEChERS ®H 39| AOAC 2007.01" .2 imidalcoprid
2O AR EY e MRS AT 22 g
&2 imidacloprid 95.5~101.9%, imidacloprid olefin 102.0~
107.1%, imidacloprid urea 90.4~96.3%, imidacloprid guanidine
73.1~79.1%2 433lH o S4¢] 2 6-chloronicotinic
acid®] 3|5FEL 7.3~15.5%% 3] WUTH(Table 3). 223}

Fortified concentrations (%)

Analyte
0.04 mg/kg 0.4 mg/kg
Imidacloprid 101.9+1.3 95.5+0.1
Imidacloprid olefin 107.1+1.0 102.0£5.1
Imidacloprid urea 96.3£34 904 £ 1.5
Imidacloprid guanidine 79.1+£0.5 73.1+£0.1
6-Chloronicotinic acid 155+£03 73+0.8

 Values are average recovered percent + standard deviation

o] imidacloprid & = tHA}%ﬂEsq %A]%Aq—g e 71:;&
©] QuEChERS #1274 s
At

Xu 5 (20112 flonicamid ¥ =2 thAF=Z 2] QuEChERS

SAEA A3, FE23FolA salting-out A1717] 9l A7}
3k Yol flonicamid AFEZES 3|F&S 3’-71] ojy

T Bslelem, o]& adat] S8l AlEFEUA V‘ﬂ
HE MRS 9 FEHE ol&ate] 90% ©)’de] 3]
A3E Agal RSt o] Ag oA 6-chloronicotinic
acide} 7-224 0 2 0|53} flonicamid®] thAFEZE 9] 3l
91 4-trifluoromethylnicotinic acid (TFNA)2] 3]5-&0°] 84~
96%= fragt A5 YepRI. ool & AFox = 7]E

>~
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Fig. 3. The recoveries of 6-chloronicotinic acid between
extraction step with and without MgSO, and NaOAc salt in
extraction process.

©] QuEChERS FZ&#H4 oA MgSO, Z NaOAc <]
A7} 5ol w2 6-chloronicotinic acid®] 3|45 HlZE
A&t7] 8t 0.04, 0.1, 0.4 mgkg S0l 3wk oz A
galdon, 1 A3 Fig 33 2ok 2 898 A
718 399 FEL 103~13.9%2 Won, 45 Hut
A e Aol 73.2~82.8%2] EE Ioe A=
eRf it o] Ax}= 6-chloronicotinic acidd®d SAlo] &=
2 BAL FEIHY T EF FE EA] Hke
MgSOE 718l salting-out A salt S0l 25
718uF o2 F1d] HMo|HA K] Wil AoE &
TE

QuEChERS HX| gy 9|

QuEChERS W& o] &3st st A&S fIs HA
g FHES AP Aol F2 35S el e w952
Sl vrepd vk} o] FEA A saltol] €] 7Hd el €]
gk 73-gol9fell F2HA NN F2RAN Y] Sl ot =
Bgo] oA dojt Axtal & & k.

Kamel (2010y2 QuUEChERS 44 ©]-8-3]4] imidacloprid
2 I AEAE T8 o3 79| neonicotinoiddl FFE
o] Ires THE 2 A, 2 A7 Zol 6
chloronticotinic acid 5 S/J°] & AREE-S wf-§- w2 3
&S UMY o= 6-chloronticotinic acid’} carboxylic
acid groupS 7F 722 AAFGoA PSAY] F2E o
veht 232 8o AthKoesukwiwat 5, 2010). QUEChERS
AAHHE o]&ste] Aol dFolAe] 378§ AldS
A8t Az %= carboxylic acid groupS 711 2,4-D, 4-
CPA, dicamba, MCPA, oxolinic acid, triclopyr 53} 7+
o] IFEe Az AAE YeEpUATHKwon T,
2011). 22t Xu 5(2011)] Ao M= PSAS] AR
& Z/MFe R 23] flonicamid @ 2 AFEZ 9
matrix effect7l 17-34%0l14 3~6%=Z @A3] ZAEAL
carboxylic acid groupS 7} TFNAQ] 3|4E= fa3 4

BolY BUY 2F0) 2 Y
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Table 4. Effect of dispersive agents on the recovery of
imidacloprid and its metabolites from fortified pepper fruit (0.1

mg/kg)

Average recoveries (+ SD)

at spking level (%)
Cis GCB
Imidacloprid 88.2+04 69.9+18.9
Imidacloprid olefin 87.0+2.0 86.5+2.9
Imidacloprid urea 83.4+£0.5 81.4+4.8
Imidacloprid guanidine 859+ 1.1 85.6+0.3
6-Chloronicotinic acid 80.5+4.4 57.3+4.6

FE JepUI £ A7 e 50 mge] PSAE 7]ES
2 ARESPEA g2 F79] $3AI9 C¢t graphite carbon
black (GCB)®| 7ol W& 3]559] xfo|& H]uwal Bttt
50 mg PSA, 150 mg MgSO,2 7|Eo= F7leta Cp 2
GCBE 717} 50 mg #7Fsted 0.1 mgkg F<ollA] 3vkE2
2 35 APS Al A3, Cg M7H, imidacloprid 2
UAFER SN A 80%0)de] ¥adt 3485 Uehigioy
GCB2] 7%= 6-chloronticotinic acid®] 3|&°] 57%=
2445 tH(Table 4). Xu 5(2011)2] A&dl|A TENAY 3|
&l ol GCBY e ZA ke Aog wEzy]
o GCBY| &It &= 5 9 HFo| B8 &
Tl o] AdEREH B AoMe 2% MgSo,
2 PSA°] ot 3|4g Ashs IA LA Cy H7H A
a3 35S Yepillel 37 ER79 SHAE o8
o AR S AA F7E AFES AAET

Imidacloprid ¥ 1 CHAIER S| 5|8 A

Imidacloprid ¥ L tAREE 459 59
T3] 0.01, 0.04, 0.1, 0.4 mgkgo] HES 7
Y3 QUEChERS A4S o]-8sto] R0 = 3
A& FYs%eH, 7 A= Table 59F 2.

Imidacloprid, imidacloprid olefin, imidacloprid urea,
imidacloprid guanidine 2 6-chloronicotinic acid®] 3582
Z}z} 86.0~101.7%, 85.3~89.1%, 81.8~88.5%, 82.8~122.5%,
71.8-89.1%= UeRfo] F5351th. Imidacloprid olefin}
6-chloronicotinic acide LOQ #te] =o} 0.01 mg/kg =01
Me Ao oFolRA]  gokort
imidacloprid urea, imidacloprid guanidine2 0.01 mgkg &
ToME F53 Ies YERASITE o] AifelA
imidacloprid®} = thAMFES] 3|5&0] 70~120%2] fragt
9 Well 23, RSDe 20%018k3.0m, EF:EF=1419
Rl 09901302 Uepd Ao 2HH 2 AldoA &g
©  QuEChERS EAWME st 315 Hed 5
imidacloprid 2 7 thAR:H=E 8] FAlEA o] 7hsahH shk=
9] ZFEFe] A o] 7hsstelet AetE

imidacloprid %
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Table 5. Recoveries and relative standard deviations (RSDs) of imidacloprid and its metabolites from fortified fruit samples

Average recoveries (= SD) at spiking concentrations (mg/kg)

0.01
Recovery RSD

Recovery RSD

0.04 0.1 0.4
Recovery RSD  Recovery  RSD

Imidacloprid 101.7£3.0 3.0
Imidacloprid olefin N.D.” -
Imidacloprid urea 81.8+34 42
Imidacloprid guanidine 1225+1.3 1.1
6-Chloronicotinic acid N.D. -

954+23 24
86.3+5.0 5.8
88.5+£0.9 1.1
90.3£0.5 0.5
89.1£2.5 2.8

86.0£0.4 0.5 90.2+1.3 L.5
89.1£1.9 2.1 853 =% 1.1 1.3
852+04 0.5 88.1+1.0 1.2
845+ 1.1 1.3 82.8+0.3 0.4
779+4.6 5.9 71.8£0.3 0.4

IN.D. : not detected.

ZAe 2

B AT 72 FYFEAEY s9HE AT
A (AR E - PI009185)2] A o] 23] 3= AL-.
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