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Analysis of Imidacloprid in
Vegetables by LC-MS/MS

Agricultural Products Inspection Team

Hee-jeong Jeong, Myung-sook Lee, Yong-tae Yoon, Yeo-jun Son,
Mi-sun Kim, Bu-cheol Choi, Jae-eun Kwak, Eun-young Kwon,
Jung-yoon Ji, Gi-young Shin and Moo-sang Kim

Abstract

This study aimed to improve the speed and accuracy of imidacloprid assays.
Vegetables were assessed for imidacloprid contamination using the multi class pesticide
multi-residue method(II), QUEChERS method, the multi-residue method, and LC-MS/MS.
Standard calibration curves were produced based on matched matrix standards and the
associated correlation coefficients were each higher than 0.999. Recovery studies were
carried out using seven spiked vegetables and two contaminant concentrations(0.04 and
0.4 mg/kg). The recovery of the multi class pesticide multi-residue method(Il) was 16.9
~96.3% and that of the multi-residue method was 23.6~52.2%. In addition, the
recovery of the QUEChERS method was 92.7~112.4% with < 5% RSD. These results
suggest that the QuEChERS method and LC-MS/MS were most suitable for use in
imidacloprid analyses.
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Aol 2ol weh A7 QAT TAME
M3, GAF ST ALY 4FE, 9%
T ToAE FFE, AT FAE ges, v
I HAF TAAE QolE, Wt o]9le] IHAF
oAM= 7S AAsith. Alged AR S
A3 FFE TteE R RA g ek wAt
S olgsiglon, F3 Qo] T HFE, 71X
T gEutEd fEEe SAES ol &8t o
A Alge & Al A o] APs S
ojmtgz L =rt HEHA ¥ AdS Eldt

Dr. Ehrenstofer GmbH(99.5%, =%) A
T9eA o™ methanolS  o]&3le]  °F 100
mg/kge] FER Axste] FTUNo R A
o EEEHS -20T olatellA] We Hasa A
o Al g Ste] AREEFATE A AREE g
91 methanol& J.T. Baker(v]=})A}e] HPLC
grade AFS ARSIHMOM, formic acide
Fisher Scientific(H3)AFe] LC-MS grade A%
S AFEEFE 2™, ammonium formate(=>99.0%)
+ Sigma Aldrich(7]=H)A} AEFS ARSI
Az F= 2 AAE 98 AHES methanol}
dichloromethane, acetone, n-hexane< Kanto
Chemical(4#)AFe] 7Hi5ok8-S A&atglom,
acetonitrile> Wako Pure Chemical(¥¥)A}<]
AREoks o A1 439}

UEE ok o AW A2Re] Ao A
% NH; SPE cartridge(1g/6 mL)} thi= H4]
Hol Axelol AME¥ Florisil SPE cartridge

(5g/20 mL)+= Agilent(P]=H)AF A|ES AHE3FS
0. 281 QuECKERSY 33& 9Jsii=
anhydrous magnesium sulfate 6g3

anhydrous sodium acetate 1.5go] 9% &g}
2 ¥ Agilent®] QuUEChERS Extract Pouches,
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50g sample

| - Mixing for fmin (add 100ml Acetonitrile)

Homogenization

Filtration

- With shark-glan filter

0~15g NaCl

Liguid liquid partition

Agqueous phase

Acatonitrile phase

Discard

| - Take i 10mL

Concentration

Purification

- Preconditioning MNH, cartridse

with 1% methanol /dichloromethene Bml
- Dissalve with 1% methanol/dichloromethans Zml
- Hute with 1% methancl /dichloromethane Sml

Evaporation

- Mitrosen evaporation(40°C)

- Digzolved m ?ml acetonitrile and filtered(PTFE]

- Diluted at 10 tmes by 0.1% formuc acd, SmM
smmonium formate in methanol fwater{1/2, v/v)

LC-MS/MS

Fig. 1. Flow chart of sample preparation for the analysis of imidacloprid using multi class pesticide
multi-residue method(II).

AOAC Method(6g MgSOs4,

magnesium sulfate 1,200 mg)S AH&3F3At}. U= d-SPE

3. A2l HAl2|

g3l

1.5g NaOAc)E A} 2) QUEChERSH

Lo, AAE A= Agilent®] Dispersive QUEChERS &4
15 mL Universal kit(PSA 400 mg, end-capped o ulgy Ha
Cis 400 mg, graphitized carbon black 45 mg, A s

IS 20039 AOACH Dol A
Bamor uAde] EHs AlFo| 2
ANEYE B3 sES =
W olTH(T), o] Ao Bt
NaOAc®}t MgSO,Z AHgate] =4 9] B4

o}g ;{E
il
o

o Sl dols= A& Hagkska S4%9
& ol & Hold F A=E i Edute s
Ay 71 AEY Aolg ol gatlon, AlE S ez

W
e
o

ko % ofo oo O O |

w) ol 2

o] apol& =
4l Cis, PSA, GCB 55 F&AIZ ARSI
(8), °l

), o] A A& 27 200 A
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5g sample in 50ml centrifuge tube

- Add 15ml Acetonitrile contmining 1% Acetic acid
- Vaortex for lmmn

Add 6g Mg50; and 1.5g Sodium acetate

| - Shake wigorously for 10min

Centrifuge 4000rpm, 4C for 1dmin

Transfer 6mL to 15mL d-5PE

tube

| - Vortex for

e

Imm and cergrifuge 4000rpm, 4°C for 10mun

Take 3mlL of supernatant

| - Mitrosen eveporation]40°C)

- Dihated at 10 timee by 0.1% formuc acd, Gmb
ammeonium formate in methanol fwater(1/2, v/

LC-MS/MS

Fig. 2. Flow chart of sample preparation for the analysis of imidacloprid using QUEChERS method.

4. LC-MS/MS 7712M =A

Ao AMEE 7]7]i= Waters ACQUITY
UPLC I-Class®l Waters Xevo TQ-S(Waters,
MA, "=h)7F A28 LC-MS/MSE o] 8319,
o] 54 &3} methanol® §oF AR H4 A
o]23l5 % ammonium formate$} formic
acidZ 217} 5mM#} 0.1% FFo2 sho] AFE-3)
gtk #4 columne CORTECS®UPLC"Cis+
(2.1x100mm, 1.6 um, Waters, ofd#=)S
AHEsER o™ 7IEE 7)7)A] 2 ® 13 29

e,

5. &S Y NS
BS993t #AE3A(limit of detection,

LOD)¢ A#&A (limit of quantitation, LOQ)

g 2487 98l odERIds 5FgoS
°F 0.1, 0.5, 1.0, 5.0 ¥ 10 mg/L §E=2 =A%
F ¥AE AR F20% 108 H43te] Za)
oM, 72 33 wEste] RHsrh AP
yane] EEAAG 712712 olg3tel ofdf o
o5 AERASH JFIAE TR

- LOD(limit of detection) = 3.3 xo/S
- LOQ(limit of quantitation) = 10 x 0/S

3 1 et 3
T AL wF 5 TEY A8 AFEto]
0.04 mg/kg¥ 0.4mg/kge] HEE RFENES

Hof] )

74k 18 28 1~39] AAE AA
2} 7} 358 AJdS 33 wkE =3kl
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| Zbg sample

- Add 100wl acetonitrile/water{8/2, v /v)
- Homaogenize for Zmin

| Filtration |

- With shark-skin filter

- Wash with 40mL of acetonitrile

| Evaporation |

- Add to BimL wolumetnic flask with 1dg Nall
- Shake and make it F0ml with water

- Take it 20l in 50ml cop test tube

- Add 20ml n-Hexeneltwo times)

- Shakes wvigorously for lmin

| Liquid liquid partiticn |
|
| |

| Hexsne phase | | Aquecus phase
| | - Extract 20ml of dichloromethans(three times)
| Discard | | Liquid liquid pertition
| Aquecus phase | | Organic phase |
| Discard | | Evaporation
| - Diezalve with 10mL dichloromsthens
| Purification

- Fleridil 55

- Adtivation: dichloromethane 25mL

- Loding sample that dissdwved of 10ml dichloromethans
- Washing acetone/dichloromethane4/96) 50mL

- Estraction: acetone/dichloromethane(45,/55) 50mL

Concentration

- Mitrogen evaporation]40°C)

- Dissolved with mcetonitrile /fwater(5/85)

- Diluted at 10 times by 0.1% formue add, Bmbd
smmonium formate in methanol fwater(1/2, v/%)

| LC-MS/MS |

Fig. 3. Flow chart of sample preparation for the analysis of imidacloprid using multi-residue method.

Za
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al & 7} =2 o] 209.0m/zS BHFEA] o]eoz A

Asta 175.0m/z ©]&S& FARA ooz A
gated MRM 2715 sttt 4] 23 ol
gZ222]=9 total ion chromatograms 18

1. LC-MS/MS = &
ot} Rz = gk =4 7]
ga e B4 P vz MS2 F 174 45k 2.
MS scan moded]A] BE2} o] (parent ion) LC-MS/MS #4] A] product ion confirmation
8218130 collision cellS EFA7IE MS/MS =  scan 7Is= olgslel  2Ag  ol&e] M8
Ao A ANS 93k 27)9] AEA o] spectrum HHE F| ojmuFRE =} A4
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Table 1. Analytical conditions of LC-MS/MS for the analysis of imidacloprid

Instrument

Waters ACQUITY UPLC I-Class Waters Xevo TQ-S

[onization mode
Capillary voltage
Source temp.
Desolvation temp.
Desolvation gas flow
Cone gas flow
Nebulizer gas flow
Scan mode
Column
Column oven
Injection vol.

Flow rate

Electrospray ionization(ESI, positive)
1.0kV
150 C
450 C
900 L/hr
150 L/hr
7.0 bar
MRM (multiple reaction monitoring)
CORTECS®UPLC®Cig+(2.1x 100 mm, 1.6 yim)
40C
1 pl
0.4 mL/min

Mobile phase

A10.1% formic acid, 5 mM ammonium formate in water

B :0.1% formic acid, 5mM ammonium formate in methanol

Time (min) A(%) B(%)
0.0 85 15
0.5 85 15
1.5 60 40

Gradient program

7.0 15 85
7.5 0 100
10.0 0 100
12.0 85 15

Table 2. Analytical conditions of the multiple reaction monitoring(MRM) transition of LC-MS/MS

Retention Parent Daughter Dwell Cone Collision
Compound time ion ion time voltage energe Polarity
(min) (m/z) (m/z) (s) V) (eV)
2.19 256.0 175.0 0.130 30 17 positive
Imidacloprid
2.19 256.0 209.0 0.130 30 15 positive

3}
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(a)

Fig. 4. Total ion chromatograms for imidacloprid in carrot.
(a) Standard of 0.01 mg/kg, (b) Untreated sample.

PICS 2.097e+006
100 175.10
8374 175.03
saan 5389 17533
B0 174.80 200,01
8411 20894
%] 174.73 209.46
20886. |~
8336 8419 127.99
12792 12807 17555
it 17465 20054
128.14
12762 17435 20864
256.35
73.46 “ \ J 18838 20961
255.90.] 256.65
LRSIV T T m“ Ll uim\h.‘ I I \/ miz
DM g ARl Atas sy v nanis A ea A
40 60 80 100 120 140 160 = 180 200 = 220 240 260
(a)

PICS 1.216e+006
100 83.89
83.74 17488
83.66. 17473 176 03
8344 oo g0
84.19 209.01
175.40 20939
%-|
9874 121.77 17555
83.36. 12799 17465 09.46
173.98)
12582 | 12829
< 20054
8320 112,99 146.00 17563 0061 25642
64.98 179.83 230.02 25657
o N JI.A.\M “ ‘|Im uh\\..hu\ “m“m i hu Bhutddl e h . |’ me
LB pAR Rk 1A ks AR R W R MR A
40 60 80 100 120 140 160 180 200 220 240 60

Fig. 5. Product ion confirmation spectra for Imidacloprid in carrot.
(a) Standard of 0.05 mg/kg, (b) Sample of spiked at 0.042 mg/kg.

o] 7} AA el wet Agste] FAE AlsF
ZHS 2AT T oF 0.1~10mg/L FE9 ¥+
GAE o] FAE ANFFEAoR 10u] A5}
wAsT. dase A gels Ay A
A7 0.9990~0.9998=% %t on A8}
AR 2F AAA vl E Zelzt gldet
(3% 3).

A A3 vfe} o] thEisok
210.001~0.003 mg/kg®]

Hol
913 QuUEChERSWIAE 0.001~0.006 mg/ke
ojglem Tt EA A= 0.003~0.005 mg/kg
ollt}, AFFAE e A A2y
|41 0.003~0.008 mg/kge]} 1 QuEChERSH
A= 0.002~0.017 mg/kgo] o TR EA
Hell A= 0.008~0.016 mg/kgo = 37FA A1

B AEiAe AFe 42 reor =

AFWAE E 39
g 24 A2

ApEI it
3. A2 WH 2 348 Hln
B oATolAE AR 2 A5 eS s
7] 913 W%, SR AOH% 3%, 92, 20, 7}
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1U1E}iféuﬂt EEY
F 1~29] AAE A
ﬁ HHE A5G0
AdE ¥ 4 l L‘rEhH =3
5 Az oA 9] tEF g 24
W A2 dAe Wi 3]4&¢] 16.9~96.3%
01913l QuEChERSH S Az WHe| 3582
92.7~112.4%, & AW dxg Wy
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Table 3. Calibration curve linearity, LOD and LOQ for matrix-matched of samples

Multi class pesticide
multi-residue method(II)

QuEChERS method

Multi-residue method

Sample

R? LOD LOQ R? LOD LOQ 2 LOD LOQ
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Korean Cabbage 0.9998 0.001 0.004 0.9990 0.001 0.004 0.9994  0.003 0.008
Lettuce 0.9998 0.001 0.004 0.9995 0.001 0.002 0.9998 0.004 0.012
Leek 0.9998 0.003 0.008 0.9991 0.001 0.003 0.9991 0.005 0.015
Carrot 0.9998 0.002 0.006 0.9991 0.003 0.008 0.9997 0.005 0.015
Cucumber 0.9998 0.002 0.005 0.9991 0.002 0.005 0.9997 0.004 0.013
Eggplant 0.9996 0.001 0.003 0.9993 0.006 0.017 0.9997 0.005 0.016

Table 4. Average recovery and RSD of imidacloprid spiked in vegetables at two different

concentrations with LC-MS/MS

Recovery(%) + RSD(%) (n=3)

. Fortified
Analysis cone -
method : Korean Perilla
(mg/kg) cabbage loaf Lettuce Leek Carrot  Cucumber Eggplant
Multi class 0.04 495+16.3 16.9£23.1 57.9+10.5 82.6£0.5 91.8+7.7 88.8+59 89.8+24
pesticide multi-
residue method (1) 0.4 60.8+10.1 20.9+274 63.8£9.6 83.1+3.2 96.3+3.5 93.1+2.3 89.5+2.8
QUEChERS 0.04 106.9+0.7 97.6+x2.8 93.0£3.7 95.6£26 96.7+1.3 93.7+£3.0 92.7+£1.2
method 0.4 112.4+4.2 102.8+3.3 96.0+2.0 95.3+3.4 97.1+3.8 99.8+0.9 96.7+1.2
Multi-residue 0.04 48554 25.4+254 28.3+£6.9 44.8+20.0 36.7+£7.9 51.6+£95 42.2+£24.0
method 0.4 51.9+6.5 23.6+22.9 475+25 522+18.6 46.1+26.4 49.2+11.4 46.2+14.5
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