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W =: BEY 7 QuECHERS-H 5 R0 AH (1% - 5 ¢ = 51 DUARAT BTt I g S vk ok . BE S BR . Sl
R e R R AR B AT vk . a3 RS S IRE, RBUR S N-NEEZ i (primary secondary
amine, PSA). £ #4k ¢ % (graphitized carbon black, GCB)IR-& /BRI 1k, R BIZEIE & T4, £
DR, SMPRIEETR . SR bk, nEmBK . SR BERG AET HUAE 5~200 pe/L i FELA S I AR R
GFRIENESC R, MOCREARAE 0.995 DIE, 4 FURHUHAE 0.5, 5.0, 10.0 pgkg 3 AKFIibs F, B
89.2%~101.3%3 [l N, A1 Xt 45 1 i 2 (relative standard deviation, RSD)7E 2.58%~4.85% . J5 i M6 H IR K
0.003~0.054 pg/kg, ERFRHF 0.01~0.18 pg/kg, HH  Z L HABRIERI R, TV, THEO0 A R R = S5,
Tt I B3 b 4 Fh ok S R B R I K
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Rapid determination of 4 pesticide residues in vegetables by QUEChERS
and ultra performance liquid chromatography tandem mass spectrometry
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ABSTRACT: Objective To establish a method for determination of 4 types of pesticide residues in vegetables by
QuEChERS and wultra performance liquid chromatography tandem mass spectrometry (UPLC-MS/MS).
Methods Samples were extracted by acetonitrile and purified by PSA(primary secondary amine) and GCB(graphitized
carbon black, GCB), determined by UPLC-MS/MS, with positive electrospray ionization (ESI) in multiple reaction
monitoring (MRM) mode, and quantified by external standard method. Results All pesticides showed good linearity in
the concentration range of 5-200 pg/L (imidacloprid, acetamiprid, chlorantraniliprole and indoxacarb) with correlation
coefficient above 0.995. The recovery rates of 4 types of pesticide were between 89.2%-101.3%, and the relative
standard deviations (RSDs) were between 2.58%—4.85%. The limits of detection of the method were 0.003-0.054 ng/kg,
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and the limits of quantification were 0.01-0.018 pg/kg. Conclusion This method is simple, rapid, sensitive and

accurate, which is suitable for determination of 4 types of pesticide residues in vegetables.

KEY WORDS: imidacloprid; acetamiprid; chlorantraniliprole; indoxacarb; vegetables; residues; QuEChERS and

ultra performance liquid chromatography tandem mass spectrometry
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FRIC TSI ARV Sk BRIy ik R A IR A O, R,
PRI, ) I T Ak ek AR T ARV R, BEAS 22 5% U FR
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2.1.1 & A
R, ZEiga, MEERwA ), HR(E@EA,

£E ACS AF); KRR . Ekih(airal, EZER
=R R AT, TKRIRENTE4E 650 °CHyBE 4 h, #
TR HERE, W TFHERP&H; QuEChERS it
F: 5982-5456 LHEAE 4 SPE it & (31 Agilent 22 H)),

M BB BR HEV T (GSBO05-1890-2016, 100 ug/mL, il
ERISE AR AP R R I BT ), WE L PRAR HE VS 1 (SB05-108-2008,
100 pg/mL, VRIS LRI RGN T); B B RbR v
i (SB05-114-2008, 100 pg/mL, 4RV HBFRES IR BRG]
JiT); G AR R bR v TR T (SB05-243-2011, 100 pg/mL,
Al ERERBE AR AP BRI T
212 # #
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ACQUITY UPLC I-CLASS XEVO TQD # =%k
RS AL (B ESI Mm% & ik, £E Waters A H);
IKA-T10 2) 3 HLAE R IKA 23 F]); Multi Reax PRi% %% (75
Heidolph 2% #]); SORVALL- D37520 = 3 &5 .0 ML (3 E
Thermo A Fl).
22 SREFREREHE

W IO b, mE b L B . SRR AR R A
% 500 pL F 50 mL &5 w0, MRS R 2%, w50
VR RP R, BE bR B R L R R R B
1 pg/mL), 1~4 °CY¥ AR .
23 HmElE

BB ZEREM (B A1 kg, FASIRMLEERESEST, 43 A% 2
By, VAR, — 13 T-18 °CLATF R AE4 .

FESMARBL DT i FREL 10 gCRERAE] 0.01 g)ikFEE T
50 mL B0, A ZIE 10 mL, % HEIR AT 20 min, AR5
A1 g SALENFD 5 g TOKBREREN, LRI AEIRS) 10s, T
8000 r/min &[> 5 min, B .

Heib: BERBGR 1.5 mL I AZE4 QUEChERS 7
) 2 mL B0 HF (FREUH 24 F 75 mg PSA ) QuEChERS i
), WHERAT 10 s 5T 8000 r/min &0 5 min, B EIHH
05 mL, finsk 05 mL, i85, i 022 um ¥ 5

UPLC-MS/MS(ultra performance liquid chromatography
tandem mass spectrometry )il & .
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2.4 UPLC-MS/MS &%
2.4.1 RABEELEF

L RERE: Cig (1.7 pm, 100 mmx2.1 mm), FEIAH: A K
0.1% (VN BRIRI, B NN, RGN, #5 R
SFEILFR 1, WEE: 0.3 mL/min, #EAEE: 3 uL

R ATRAFBERRIEF
Table 1 Gradient elution procedure of 4 types of pesticides

Erass A5} 1] /min Al% B/%
1 0.00 95.0 5.0
2 1.00 5.0 95.0
3 1.50 5.0 95.0
4 2.00 95.0 5.0
5 2.50 95.0 5.0

242 JRig&M

BRI R IR, B R, KB
W75 Z R, B F IR EE: 150 °C, B4 HE:
3.5 kV, HEFLHLE: 41 V, BIARISREE: 400 °C, AR
Wi 800 L/h, Nk Huobk, mE A bk, B U . SRR R A e
PERFXT . mE RN, R AR AR 2.

3 HER5SH

3.1 FRIEFMHMHK

Feile B 0.2 mg/L 1 4 Fl Ak &9 i BPR I,
VIR iy ke, REhIE N 10 pL/min, Li4H
R T 2, lES R g, 45REOR, TEIE
BT, 4 FREINAL AW R LUE AL H AR E M+ 1]
W, Zead—RiEitl, BE T BAE R . BT E
FBE AR EES . Wi BN TR, TE SR
WA P00 Foe A SR Ll 2 Pl s % il 2 B i A S 4
BRJGTE & 0 (W 4544 2647 22 I 7 W I (multiple reaction
monitoring, MRM)& AT, AR B H T
ANEY 2 RFES X, A R R S X O A R TR
B R R B 4T o
3.2 ‘BIERMHMRK

it I AH H S IS B F R T LA A AR A
T, B 4 FREAG S P TR A AR R, dERE 3 pL,
Pl A I B AR 2R A LB, MAETSIA R A: 0.1%(V/V)H
FRIEW, B: M, Fii# 0.3 mL/min, #5435 °CHf, 153
5 BAR RSB TR E A E 1R . & BARIIETE BT,
Wi 7 688 ¥ o S el A TR R AT R B VR AR, 4 Tl H AR
W 25 F7E 2 min N2 R AT .

R2 AMRBEFREREETER

Table 2 Chromatogram parameters of 4 types of pesticides

R FETERS TX(m/2) FE TR BT X (mV2) HefLH RV Rl S g /v
ol ch 256.0/175.0 956.0/175.0 45 20
256.0/209.0 45 15
Wi th B 223.0/56.0 923.0/126.0 16 15
223.0/126.0 16 21
i th 528.0/249.0 528.0/249.0 32 15
528.0/293.0 32 14
484.0/286.0 31 16
A fi 484.0/453.0
484.0/453.0 31 19
200000 - N
180000 i B, 33 EFRMN
i o i - . . N . .
160000 SR FH TR RGO % ok ), R 0 3538 7 7 T LA
., 140000 - s " e
B ool MG, TR R . ASBFSOR T
= 100000} sk FESE N R FIER, 558 TSN 4 F B4R A9
= 80000 AR S P €5 e Y B L R 10,0 g/ BIRA
Zgggg | PRI S 28 LRI ROV FE 10.0 pg/L (IR A bRIERS
ook \ W, BRI S UGELENE, RIGETRE T, K5
b RASERAON 2038 ME=B/A, Jrf, A fRFRaEH] 4y
il /min BRI A, B AR %8 PR A BT iR . 4 ME

P14 Tl HORIE 4 o o 9 R ) B B T
Fig.1 Total ion chromatography of 4 types of pesticides

H0.9~1.1 B}, LR AR, 2 ME XF 1.1 B, Mt
JRIGSEREN, 24 ME/NT 0.9 B, L RANHIRN . % 3 45
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SRR, AN RV O H ARG 4 0 107 568 PR 52 W A7 AE
eS¢ o PRI WL B RSSO, &I R SO
AAXTEN o T I BREEFUSON A0, AR 73R P AR R
ol 4 88 S B U ASE I A 2R A 7 o

3 BRI 4 MRBFEN ST
Table 3 Matrix effects on detection of 4 types of pesticides

A ME g i ME s e ME ¢ ME s msmmn
AN 1.06 0.95 0.82 1.12
b 0.75 0.81 0.68 0.92

34 ZMSEE. RERSE=MR
341 KKWEE

4 4 FR BGAR AR A 2 B BB (3 MR
HeJE 5. 10, 20, 50, 100, 200 pg/L BIFRUE TAEATR, 78
Ak 1 (3 A5 ARUBTIE 2544 T aEA T E, AT Wk B S i
Askr, DAETRCN I ARSR, Sfilbriiihgk, 52407

MR A, 250K 4. 450K, &4 B RLE S ~
200 pg/L J5 Rk L AT AT C R, MR B
KF 0.995,
342 FEABER, TER

ARG BRRYII S NI, BN 4 Fp oS HGR bR e
R, W EESER T, L IN=3 BTk R, SN
=10 ATikERR. 4 FEFRY I TIERRR . 28R
W3 40 ik B S e RAIK, E A 4 FhoR AR R
ESp iRl
3.5 FHAERENEE

BURE BARPI A T38 . AL, 4r50dsim 0.5,
5.0.10.0 pg/kg 3 MACT- R GHRUERIR, SEATIAR F 5%
S, RIS FATIE 6 Wk, AliE 4 Fh Y
JIR A4 IR BT FIAH X B E s 2 (relative standard deviation,
RSD), Z5 R W £ 5. 4 F HAZ 9 &6 WUk % H
89.2%~101.3%, RSD g 2.58%~4.85%, FFIHAL 0 5
FHe BARATI I . BRI, 320 3 TR RS 2
R

F4 AMAHFNLEESTE, SMEXRBREHR, E2R

Table 4 Linear regression equations, correlation coefficients, limits of detection and limits of quantification of 4 types of pesticides

& LMris r? iR R/ (ng/kg) Tk € R/ (ng/kg)
AL Y=149.189X+85.0529 0.9994 0.012 0.04
WE H1 b Y=1180.91X+115.901 0.9998 0.051 0.17
Eff B Y=954.882X+572.688 0.9976 0.054 0.18
SRR H Y=497.545X+420.837 0.9973 0.003 0.01
F5 4 MRBEFAEIERDZE (n=6)
Table 5 Recovery rates of 4 types of pesticides (n=6)
E&Y TR KC-/(ng/kg) T3S T ML % RSD/% T HE I EAC A % RSD/%
0.5 97.1 4.85 96.8 4.19
Mt H ok 5.0 98.5 4.08 97.2 3.95
10.0 101.3 3.28 99.5 3.12
0.5 95.8 4.15 96.5 426
WE H bk 5.0 96.8 4.02 95.9 4.16
10.0 98.2 3.51 97.4 3.42
0.5 89.2 3.68 89.4 3.55
Bt 5.0 91.5 3.15 89.5 3.63
10.0 90.8 2.98 90.2 3.15
0.5 925 3.42 90.5 3.69
AL 5.0 95.8 3.15 96.5 3.26
FH I i
10.0 95.0 2.58 95.5 3.15
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3.6 PR 4 PR BETAVEN

FIFAFT G A7, X 10 Gy e pe St e Tl a2,
Horpr 2 G DUnds r U T R, M EEES SRR 6. 4h
FH, FTINRE S PR R 4 IR ORI, R
FEAN B ENRAE 91.5%~96.8% 2 8], #5455 e ha i Al 4¢

4 5Tt
AW EEST T QUEChERS-B B AR A (B 1% - R ik =

DU AR T B FH T 5 3 S T b . B e bk L SHURH
T e 1 i g 8% B2 1 23T )51 . QUEChERS Jy ik Ak AF
o, T HREUS 43 OGR4 Ak B AT LRSI, i Ak B S )
%, [FIFF QUEChERS iX7ilfarh PSA 1 GCB, fEAREER
FERL RS . AHLRR . RGN, HF— DR R
PERMERR . TAERRZR A R FH A UK T 83 4 Rk R
TR TR, i KRR BE 8 /b T B BT A X S B 2 Ry
M . AR ERBER . EENL, ST R
A I E

F 6 SLRRIRSEHEMT 4 FRATENEN=2)
Table 6 Determination of 4 types of pesticides in actual vegetable samples (n=2)

. B B KT/ (uglkg)
Wt pi b I e ok Bl R S HUOR R
LN ND ND ND ND
3 ND ND ND ND
UNTES ND ND ND ND
T ND ND ND ND
FA ND ND ND ND
+5 ND ND ND ND
iz ND ND ND ND
liipaEd ND ND ND ND
pi ND ND ND ND
GICH ND ND ND ND
BN IARAE S (RO %) 92.3 91.5 96.1 93.6
TR AR b (IRTSCR /%) 92.0 93.5 95.2 96.8

T2 ND FRAEdh AP RAG X 2% B
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