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WE:BH A RNNERFZ P 12 A8 E RS KRG F A 520000 E 3% 6 B # % (UPLC - MS/ MS)#= . 7i% KA TR
P, 2 N - BE =R (PSA) & ZAL R 2 (GCB) AR 5 #a AL AT TR AL 32 &% 4 8 Waters Acquity HSS T, (100 mm X 2. 1 mm,
1.8 wm), ik %4 0.3 mL/mm,,,msz#M ‘?ﬁ% — K (A ERML) B A 40 C, T A 2 uL; o R At F 25T % 55 K
(MRM) LR, , & v G, JE A 4 500 V, &5 AR A 40 psi, FACAIE 1 A4 60 psi, 3B AR 1 4 60 psi, & FIRBE A 550 CRAZE A
%)ﬁﬁbﬁ%mwm 0B E T EREY 2AMMAEREGEGE.ER RANBBRERALELE AR BTRECLE N %

AR R RIF(r>0.994) ;40 FE A 0.2~2.0 wg/ kg, £FMH 0.5~3.0 ng/ kg; 45 % E X4 RSD 30T 3.5%(n = 6) ; A
ERCE Y 82, 42% ~ 102. 06% ,RSD #3 2.12% ~4.76% (n = 6) ; AT 25 A 0. 83 ~0. 96,20 4 3k E A Su b A th FAMEAE S 13 4, 2o,
8 e e kB2 (0. 83 ~67. 92 wg / kg) ,9 s e &5 (0. 84~ 87. 22 wg/ kg) ,4 A ez R K (5. 78 ~ 98. 40 pg / kg) ,3 A # b wk vk
(14. 12~42. 34 ug/ kg) ,3 Wt e 2 iz (3. 88~ 192. 00 pg / kg) , 2 e ok 2 82(3. 58,10. 12 pg/ kg), 1 4 B FEAR(5. 76 pg / kg) o
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Simultaneous Determination of 12 Neonicotinoid Pesticide Residues in Vegetables by UPLC - MS / MS

YIN Danyang ,XIE Yufei,HU Jiawei,ZHAO Di
(Center for Disease Control and Prevention of Shaanxi Province,Xi'an,Shaanxi,China 710054)

Abstract: Objective To establish an ultra — high performance liquid chromatography — mass spectrometry (UPLC - MS / MS)
method for the simultaneous determination of 12 neonicotinoid pesticide residues in vegetables. Methods The sample was extracted
with acetonitrile and pre — treated with primary secondary amine (PSA) and graphitized carbon black (GCB) matrix dispersion
purification. The chromatographic column was Waters Acquity HSS T, column (100 mm X 2.1 mm, 1.8 pm),the flow rate was
0.3 mL / min, the mobile phase was methanol — water (gradient elution) ,the column temperature was 40 °C,and the injection
volume was 2 pL. Mass spectrometry analysis adopted the multi — reaction monitoring (MRM) mode with positive electrospray
ionization (ESI*). The electric spray voltage was 4 500 V,the air curtain pressure was 40 psi,the atomizing gas pressure was 60 psi,
the auxiliary gas pressure was 60 psi,and the ion source temperature was 550 °‘C.The quantitative determination of residues of
12 neonicotinoid pesticides in 20 kinds of vegetables sold in Shaanxi Province was conducted by the blank matrix external
standard method. Results The 12 neonicotinoid pesticides showed a good linear relationship with peak area within their respective
mass concentration ranges (r > 0.994). The limit of detection (LOD) was in the range of 0.2 — 2.0 pg / kg,and the limit of
quantification (LOQ) was in the range of 0.5 — 3.0 pg / kg. The RSD of the precision test was all lower than 3.5% (n = 6).
The recovery rate of 12 neonicotinoid pesticides was in the range of 82.42% — 102.06% with the RSD of 2. 12% - 4.76% (n = 6).
The matrix effect was in the range of 0.83 — 0.96. Among the 20 kinds of vegetable samples, 13 samples were found to be positive,
including eight samples with thiamethoxam (0.83 - 67.92 pg / kg),nine samples with thiamethoxam (0.84 - 87.22 pg / kg),
four samples with imidacloprid (5.78 — 98.40 pg / kg),three samples with imidacloprid (14.12 - 42.34 pg / kg),three samples
with imidacloprid (3.88 - 192.00 wg / kg) , two samples with fipronil (3.58 - 10.12 pg / kg) , and one sample with
chlorothiacloprid (5.76 g / kg). Conclusion The established method has high sensitivity and accuracy, which can be used for
the determination of 12 neonicotinoid pesticide residues in vegetables.

Key words:UPLC - MS / MS;neonicotinoid pesticides;vegetables; QuEChERS method ; dertermination of residues
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FORIRT — S it A B ] sl 2 FH it e 2517 - 80 (R AR
KB MBI 2 A 245 X6F N SIS ft B T 174 A DG i 1o - 1ok
w2 X AR B R PR A8 e ia Ul HAT, B
B HRBE S A 25 A 5 A WA (3 (LC) k12 - 130
A - % (LC — MS) 3k 150 SHH 6 1% —
(GC - MS)¥110) R R RA £ 1% 53 B T 3% (HPLC — MS /
MS) 317 =200 HH i R B 4 5 S h 2 A 2 1 4 B
AT A ST R F S G BEURE & , 28 QuEChERS %
X i PR R AT AR B, g ST T I I S 12
AR S A 24 5% B B R R RIORORE T R O T 3
(UPLC - MS/MS) & BURGE T -

1 UFE5KH

1.1 =8

U3000 71 8 /55 208 AH (35 42 (32 [ Dionex A ] )
5500 + Q — trap & = H PUBAT ER IR B A% (321 AB Sciex
O3l B F S B URRNA sh i S 4 ) 5 XP205 AL T
KV (MR sy - FERZ H PR S < LI > ARA LK
FERF T 532 —)50. 22 wm SRFLUE B (VG ZR 40 O A
FRZN ] ) 5 Multi Reax % i 7% #% (72 [ Heidolph 23 7] ) ;
QuEChERS [ gl i ifil £ R e [t s A B R
A), Bt A QuEChERS (% JC/K B R B < MgSO, > 600 mg .
N - N2 e < PSA > 100 mg. f1 &4k 5 B < GCB >
10 mg) J¥4fk.

1.2 iK%

S W H X6 BE i (65 2h S082539) , 15 H Jfe o HE iy
(524 S086769 ) , S MEMXT HE iy (k-5 247 S090883 ) , WE
st I (L5 S091551) , Faine Ha i ot R i (L5
}18090639) 4l 144 100 g / mL, ¥ [ Bl /R 35 R A
BEL N ) 5 Wk MR S BEORL (A58 3 = 1159579ME, 41 /&
100 g / mL) , M HUBSROGT FE G (FiE5k A14283700ME -
100 - 1 mL, 4l 4 1 000 pg / mL) , BE B KR IE G (LS4
A10013000ME - 100 - 1 mL, 4[4 100 g / mL) , B Hy
W A (F1E5 4 3 = 1159324ME, 4 4 100 pg / mL) ,
SR ok o o) TR (5 A1569300ME — 100 — 1 mL,
45 4 100 we / mL) , ¥4 B 72 [ DRE 2 W) 74 R g
X B (HiE 5o £0027816) , Uik HL BE X AR 5 (45 R
E0028030) , 4 EE 4 4 1 000 wg / mL, Y0 [ 205 H A9
BHEARA ) L0 (B igal, #5815 Merck 23 /) ;20 43111
BEGRAE (G F 38 738 38 IR gy 2w
DN AR [ T R RN AN ) NN S S S | E |
5 M TR VY T SRR T LT ) .

2 HFEEHR
2.1 XK HE
2.1.1 UPLC 4%
{4, % ¥ . Waters Acquity HSS T; # (100 mm X
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2.1 mm, 1.8 wm) ;N : FHEE(A) - 7K (B) , BREEPEMG
(0~ 1.0 min i 5%A, 1. 0 ~ 2. 0 min I} 5%A — 20%A,
2.0~6.0 min Bf 20%A — 40%A, 6.0~6.5 min i
40%A — 80%A,6. 5~ 10. 0 min i} 80%A,10. 0 ~ 10. 5 min
I 80%A — 5%A, 10.5 ~ 14.5 min I} 5%A) 5 ¥ % .
0.3 mL/ min; #Ei .40 °C; HFEE .2 rlo
2.1.2 MS 4%

B U S O H B AR S T WA
3 Z2 5 W (MRM) 5 UM 55 HL Hs - 4 500 V3 SR U
73:40 psi; Z5 RS 60 psis BB TT 260 psis B 1
IR :550 C; B 24l 1.

®1 RiESH

Tab.1 Mass spectrometry parameters

HAHE Jobive(m z) FHEVE ADUE BELE HETHD
k& #EFQ, FEFQ M) (V) (V) BEW)
fioe B L1 189.2,205.1 90,80 10,10 20,17 10,10
Edk 2921 21L.0°,181.1 85,80 10,10 18,32 10,10
S0 250.1  169.0°,132.1 80,80 10,10 20,27 10,10
ko 2601 I8L1,122.2 90,85 10,10 22,44 10,10
ok kB 2032 157.3,129.2 75,70 10,10 12,17 10,10
Rk 2561 200.0,175.1 90,90 10,10 24,30 10,10
RRR 231 126.1,56.0 100,100 10,10 31,20 10,10
£ bk 2531 126.1,90.1 110,110 10,10 31,50 10,10
FAER 3.0 126.1,077.2 120,125 10,10 47,20 10,10
K& 367.2 202,631 84,84 10,10 24,17 10,10

Aobek® 280,10
A EERE 2718

126.0,90.1 115,110 10,10 28,54 10,10
174.0,154.1 84,84 10,10 17,40 10,10

AR FRT,

Note:* refers to fixed quantum ion.
2.2 BREHE

M VT BRI SRR 10 g, B 50 mL O
J110 mL E7E 4 CUKFE Th 2 G K 1 O L PR 7 5 min,
FEMA 4 g MgSO, . 1 g AL 1 g TR EN 0. 5 g #7°15
RS N K 1 R X BT, P ZE L R BUHR Y 5 min JE S
L (5424 8 000 v/ min) 5 min. W 4 mL b5, &
QuEChERS ¥ 4L & 1, IR HETR 51 5 min, 5.0 (F 3 h
8 000 r/ min)5 min, FiE WL 0. 22 wm L UE B UE
RS

TR B X ULt A VAR« DIV H A W L W PR | L
OOk 5 H e | SRR DK O UK | SR R RN LR
b PR e ] 6T G, ) P TR 8 5 VA 2 0 10 g / mL
4D XoF FE 8 YA 5 BRSO ke i o) TR
P s s 6 I 94K B A 100 g / miL A4 % Rt T U T
Wb R4 o) B VA A, 10 mL 25 OB R, ) 2 R
BT ] 1 e / mL TR A X SR

25 [ SOV TR - B SR AR R s 1 B O T i o,
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6. E ke 7. AEAk S kR 9. AlvkvhER 10, AR K
BefE 11 Rk 12, ok kR

E1 RHMEREBEENBEMARNESYRERIEEKRILEE

1. Fipronil =~ 2. Imidacloprid = 3. Thiamethoxam 4. Imidacloprid 5. Imida-

cloprid 6. Thiamethoxam 7. Chlorthaline 8. Imidacloprid 9. Flupyradi-
furone 10. Flufenapyr 11. Thiamethoxam 12. Imidacloprid
Fig.1 UPLC - MS / MS spectrogram of 12 matrix mixed

reference solutions

2.3 HEFEEE

L Jm M e « 2. 2 T R BT R A X A R (T
HR N 50. 00 ng / mL) , 2 2. 1300 1250 2% (4 2F 4

A A A I Sy B B R AT, RIS (AR TR

LEME R E A 1,

MR RS KR (LOD) e &= BR (LOQ) ff
FE M2, 200 R ANIR A N BRI TGS i, i (A SE R

VR R A R 4 U AR R 1) 3 SO A T R AR,

2. 100 IR0 25 IEREIN S , LT B (X, ng / mLL)
SRR AR TR (V) SR YN AR bR AT 2t a1 o 235 2R DL
22, R 12 PR R BRZE AR 25 70 4% F B VR EEYu R N 5
W T ARG P R B (r > 0.994) LIS MELL (S /T N) Ky
3 Bk B4 R X A o A 22 (RSD) < 20% A 1LOD, LA S/ N A
10 B RSD < 20% R LOQ A5 R ILFE 2,

FE SOV 25 5% 43 L 2. 2 TR 55 1 L RV T, 7
2. VI 1S SR A R A T o) AR R, DA AS 1 0
JOT T R AR RN % 2 TP 25 BT MBI A 24 [ 5 R R R Y
LA A B AN 45 R L3R 2.

2% B - IR R A5 % B S T (IR
10 ng / mL) , 4% 2. 1 W0 T {50 S50 i Z2 AR DU 2 6 IR . 45
T2 MBS 25 RSD K 1. 12% ~ 3. 21%(n = 6) ,
TG B R4

IR DS < DA SR A i, A S BT TR 45 T R
A TR, A% 2. 2 BT 7 il A AR b sk EE (10, 20,
50 g/ kg) ML S IS TR A5 6 03, 4% 2. 1 30T i S5 4
R 3% SRR & i, IR e 25 R 34

F2 HEFLAERERALZEXRZER KQNRMES
REEL RS E R
Tab.2 Results of the linear relation test,LOD,LOQ,and matrix
effect of 12 neonicotinoid pesticides in the spinach
it . SRER  RIR IR AR
BRGE r

K3 (ng/ml)  (pg/ke) (pglky) #E
%2k V=3 707110 X +2.4914x10°  0.99944 1.5~100.0 0.5 LS 0.8
Bl V=1.006x10°X+1.4708x10° 0.9970 3.0~100.0 1.0 30 0.8
BEA V=380 110 X +4.9864%10° 0.99484 0.6~100.0 0.2 0.6 0.9
B4R V=1.9064x10°X-1.9162x10" 0.9974 6.0~200.0 2.0 6.0 0.86
2k V=1.3880%10°X+3.4705x10°  0.9952 0.6~100.0 0.2 0.6 0.88
S V=14310X10°X+2.2514x10°  0.99459 0.6~100.0 0.2 0.6 0.9
Aok V=1.9825%10°X+8.1377x10°  0.9970 1.5~100.0 0.5 LS 093
(24 Y=6.368 5% 10°X +5.3584x10°  0.99948 0.5~100.0 0.2 0.5 091
AmsrhE Y=2.1864x10°K+8.1999%10°  0.99998 0.5~100.0 0.2 0.5 09
AR V=1.9086%10°X+1.6527x10° 0.99938 0.5~100.0 0.2 0.5 09
E ok V=1 1620107 X 44,3074 x10° 0.9925 0.5~100.0 0.2 0.5 0.9
k&% V=4.7292x10°X+1.3009x 10°  0.9968 3.0~200.0 1.0 30 0.9

Jo U R AR S 34 [ R Oy 82, 42% ~ 102. 06% , RSD K
2.12% ~4.76%(n = 6) LT3,
3 HEEH R2MIFEFEERGMECBRBLER (%,n=6)

Tab.3 Results of the recovery test of 12 neonicotinoid pesticides

in the spinach (%,n = 6)

HEEE  MRRERE(0pg/ke) MHRRTRE (0 pg/ke) MFRERE(SO pg/ke)

R# Bk RSD Bk RSD Bk RSD
% 88.71 4.03 82.42 4.76 82.42 271
Wi 82.45 2,91 91.61 37 9. 15 3.9
E ok 95.30 3.5 93.34 3.3 98. 46 371
RAER 89.13 2.34 85.92 3.41 89.35 3.74
AL 92.22 4.31 99, 34 4.62 102.06 4.65
E 85.36 4.3 90. 76 4.66 83.92 i)
fokak 87.03 3.93 85.93 317 88.17 YN
43 85.16 3.5 04,45 2.3 88. 84 2.54
A ok 95.13 4.03 9.70 3.91 95.73 371
hER% 85.25 2.7 95.03 274 89.75 2.8

Adm® %2 2 % 29 %54 24
AR ERE 937 2.55 95.81 2.43 96.12 2.63
2.4 KRHGZBERDN

K JH UPLC — MS / MS 205 20 173 17 8 i Sk it o
12 PR RE A 2 1 5% B, A s B i 13 10
RN 65. 00% , K T MBI A 25 . TR WL 4.
3 itig
3.1 BEEHERE

OIEAE LB T Waters Acquity BEH C o #: (100 mm x
2.1 mm, 2.5 wm) , Waters Acquity PREMIER BEH
Shield RP;g#£ (100 mm X 2. 1 mm, 1. 7 wm) , Waters Ac-

1=
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R4 20FSERP THITEEE KGR BENESR (ng/ ke)
Tab.4 Determination results of the seven neonicotinoid pesticide
residues in 20 kinds of vegetables (pg / kg)

Hauath Rk Eih wkk bk sk ki AR
A%l 27.12 87.22 <1OD <LOD <LOD <LOD <LOD
a%2 <LOD <LOD <LOD <LOD 3.88  <LOD <LOD

FEI <LOD <LOD 578 <LOD <LOD <LOD 5.76
FR2 <LOD  10.90 <LOD <LOD 19200 <LOD <LOD
% 0.83 0.84 <LOD 20.12 <LOD <LOD <LOD
iz <LOD <LOD <LOD <LOD <LOD <LOD <LOD

L1 26,12 1423 <LOD <LOD <LOD <LOD <LOD
L%2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD

£1 <LOD <LOD <LOD <LOD <LOD <LOD <LOD
£2 67.92 1554 <1OD 1412 <LOD <LOD <LOD
FN <LOD <LOD <LOD <LOD <LOD <LOD <LOD
B4 A <LOD <LOD <LOD <LOD <LOD <LOD <LOD
T <LOD <LOD 98.40 <LOD <LOD <LOD <LOD
i <LOD 82.44 <LOD 42.34 <LOD 3.58 <LOD
N 26.22  16.71 <LOD <LOD <LOD <LOD <LOD
Bt <LOD <LOD <LOD <LOD <LOD <LOD <LOD

&

EX1 45.67 <LOD 65.78 <LOD 3214 10.12  <LOD
ER2 <LOD <LOD <LOD <LOD <LOD <LOD <LOD
2 3212 3442 <LOD <LOD <LOD <LOD <LOD
~ 3412 85.65 31.43 <1OD <LOD <LOD <LOD
& :LOD A AR R,
Note:LOD refers to limit of detection.

quity HSS Ty #% (100 mm x 2. 1 mm, 1. 8 wm) 3 Ff X} 43 55
RS L 25 5 Waters Acquity HSS T, 4 (100 mm x
2.1 mm, 1.8 wm) X B A 450 R 1) Wk e Jlie A B A 36 ) g
HE , ELH AT MA BRI A 2547 5 A A 0 8 8 i 4
TS AEPEE Waters Acquity HSS Tyt o

TENHRGE M LA T 0. 1% FER/KE R - 205 (K
HIEE) ,0. 05% WK - LI (8P EE) , 7 5 mmol / L
HR 2 1 0. 19 H R KR — S5 (BRI FK - 2
i (Bl ) (1 2 B RCR 4 R B, 5 S H T, T
T S8 8 T A 0 ) W) IO (L 5 Y PR K T VAR Al
JRG3 Y WRETE A G WD 7 L AR AR, ] F iR e I S X6 e e A
AR 8 RS T 125 4 5 I F TR 8 Xof 15 1 58 B e W I Tt
B 003 o AR S AR e FRK — FE
3.2 QuEChERS #{L#1#hE#E

BSOS A R RO R RS BRSBTS
D it A B SR 3 AT R I A B T 9 IR R )
A GCBERZE (LR, A PSA BR A7 HLIR HHZE 4551
5, [l SCEAE GCB A1 PSA W B 770 % A ) W B it f
2D R RS SR I A G v DA SRR i O Bk
J5t, 7220 g / kg BYIARAKF T i [ e S F i AL AR

70

&

253

b

FbE & L, 7 100 mg PSA + 10 mg GCB + 600 mg MgSO,,
100 mg PSA + 600 mg MgSO,, 100 mg PSA + 30 mg GCB +
600 mg MgSO, 451, 45 1 Fh2H G i AL RSO A Dl 32 5
4f o QUEChERS #4412 £% 100 mg PSA + 10 mg
GCB + 600 mg MgSO,.
3.3 FETEN

AW FE ST 7 vk R AR e ERR PSS, AT TR
[Fi) B 3000 5 st i T 1.2 o A B 28 A 24 1 3% B, i o
rH IR A A 245 % B e 1 ) S R v B R XU DA

R’ TE%,
S% 3k
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