RZGEZAR 2019, 21(4): 468-474

Chinese Journal of Pesticide Science http://nyxxb.alljournal.cn
R DOI: 10.16801/j.issn.1008-7303.2019.0059

QuEChERS-E %% 8 & i - & B U AR 4F K 1T B (8]
g A R B E KK A 7 FBREF % B

e, M B, SIL KER, & OB, OB OB
(1. RN K2 B2, FAE 210095; 2. B RUR ML K2 FEYRY 268, B 210095)
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ZHRE T A RFEF 5K G 49 QUEChERS- & 20R A &1~ % B v AAT & 470 E] R #% (HPLC-MS/MS
Triple TOF) k. B &2 V(TR TE): V(K)=80:20 R&ERIRIK, YAN-REAT
(PSA) A B W 7 AT SR -8 FE B 44K, KA HPLC-MS/MS Triple TOF #30, sMFk &, 4
REY: THREMNAE—CORERECEAAN, DEF@REMEGREREEEX Z RS,
MK FZHIH KT 0.99; BFES. FAK. FEREFRTHEEE 0.001. 0.01. 0.05 mgkg 3 M
A KT 6T E R A 75%~108% X 08, AT AREMR £ (RSD) A 1.1%~7.0% (n = 5) X 14,
Z M (LOQ) ¥4 0.001 mg/kg; T AMER. THEF = F /K24 0.01. 0.05F 1 mg/kg 3 4
TR TGP 3 e E A 81%~108% Z 18], RSD & 2.7%~9.0% Z [, LOQ 34 0.01 mg/kg.
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Simultaneous determination of seven herbicide residues in rice using
QuEChERS-high performance liquid chromatography-tandem
mass spectrometry Triple TOF
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Abstract: A multi-residue method was established to simultaneously determine seven herbicides
(simetryn, isoproturon, bensulfuron methyl, anilofos, oxyfluorfen, oxadiazon and pendimethalin) in rice
using QUEChERS and high performance liquid chromatography-tandem mass spectrometry Triple TOF
(HPLC-MS/MS Triple TOF). The samples were extracted with a mixture of ethyl acetate and water

(Vethyl acetate © Vwater = 80 : 20), purified by dispersive solid phase extraction with primary secondary
amine (PSA), and detected by HPLC-MS/MS Triple TOF using the external standard method for
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quantitative analysis. Good linearity was achieved with a correlation coefficient of 0.99. The average
recoveries of simetryn, isoproturon, bensulfuron methyl and anilofos ranged from 75% to 108% with the
spiked levels of 0.001, 0.01 and 0.05 mg/kg. And the relative standard deviation (RSD) ranged from
1.1% to 7.0% (n = 5). The limits of quantification (LOQs) of all those herbicides were 0.001 mg/kg. The
average recoveries of oxyfluorfen, oxadiazon and pendimethalin ranged from 81% to 108% with the
spiked levels of 0.01, 0.05 and 1 mg/kg. And the RSD ranged from 2.9 % to 9.0% (n = 5). And their
LOQs were 0.01 mg/kg. This method is simple and rapid. Its sensitivity, accuracy and precision can
meet the requirements of the pesticide residue analysis. Therefore, this method can be applied to the
simultaneous analysis of simetryn, isoproturon, bensulfuron methyl, anilofos, oxyfluorfen, oxadiazon

and pendimethalin in rice.

Keywords: QuEChERS; high performance liquid chromatography-tandem mass spectrometry Triple

TOF (HPLC-MS/MS Triple TOF); rice; herbicide; residue
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ST W B AN R R T A A AR S R
R KRG B H S SRR BR B A . EARBR BT
BRI, (E A A £ R 700 R B AR 1 £
Y, BREFISIEARNAR, XNk G s 7
fa S MR A R A R B bR R e . T
T RNRE. AR R AN B AR K B
R B R & (MRL) A 0.05 mg/kg, Mk [ 7F
KAKAREK E 11 MRL {64 0.05 mg/kg, PHHLBER
TR AEREK E MRL 58 0.1 mg/kg. BEE
SXoF o B 1) <Y it 38 0 BRI AN W . BRI
TiC ot FFY 30 R 3 22 81, el B R 7R o P 22 P ok )
B F R 42 T B K

HAET, KTBYhBREFIRE s 2
AEMEIEE (GO, mRiAE (iiE: (HPLC)! 2,
AR B - H T BV (GC-MS)!) R AR o3 - e
5 B v (LC-MS/MS)!+1 &5, Hor, LC-MS/MS
FAR 454 QUEChERS (Quick, Easy, Cheap, Effec-
tive, Rugged and Safe) BALBET7V%:, itk [ #AEL
R, AEFL T orpreb e, BOA REUE S, R HERAK
FHERA PR B S A, SO B B R 5 B oy
MrHIEEF B, #lil: Zhong 251" K H QUEChERS
T LC-MS/MS Bt AR E 7 T T oK H XG0 ik B
% SR A TR LA A O R TR 2
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Ab, BLCHRIE 1A AP B =55 5% B 1) LC-MS/
MS KA, KARH = 5 YA B (QQQ)-
52 8, DARAT ©AT B[R] )5 3% (MS/MS Triple
TOF) MY ATE 2] QQQ WE & R %, HHAH
PRI AR L BT R O S A VA R R R
PR R, W] ARAS FAT 5 s AR 1 o 2
WAEER. Kk, A8 KA MS/MS Triple
TOF # M H A, 454 QUEChERS FiAbEEE, #or
¥ QUEChERS-HPLC-MS/MS Triple TOF [7] i il 5&
KK A 7 e 5 FH B 700 5 B ) 40 A

1 RS

1.1 &7 WS

PUEL{F (simetryn). 7N FE (isoproturon). “F
5T % (bensulfuron methyl). ¥5#% (anilofos).
LA E R (oxyfluorfen). BEE [ (oxadiazon) Fl
T HR (pendimethalin) brEfh, i KT
97% (LG ARG T A R A A, H ek
BIxC 1 N-IIEEZ i (PSA) W7 (S Agil-
ent AH]); LIRAOEEM OREY htaika, HRN
JitEal (3¢[E Thermo Fisher Scientific/A &),

LC-20AD = 80 AH (3% 4% (H 4% Shimadzu 2
F]); Triple TOF 5600 $ATHS [A] 571 4% (36 1H Sciex
AF]); ESI25SM + 1553 2 — 1 RKF (ifi 1 Precisa
A FW135 B 2P0 L (R T 2R R A
HIR2AA]); T25-S1 Ultra-Turrax 2] 2 AL (45 H
IKA-Werke A #]); JN25-12D #5 BIE ML (73
TLRAX#E))s TDL-40B B0l (g2 52 R4
#)7)s R-3 @7 RAX (it Buchi A 7]); 022 um
JERE (REEREIEAR]): Milli-Q #aiK &4 (H
Millipore A ).
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Scheme 1  Structural formula of simetryn (1), isoproturon (2), bensulfuron methyl (3), anilofos (4), oxyfluorfen (5), oxadiazon (6)
and pendimethalin (7)

1.2 #mEEsE

HERRR BUR AR 06 (FLA2 0.25 mm) I RCKAE
i 10.00 g T 50 mL B0, A 25 mL V(4
R ZB8) - V (K) =80 : 20 HIVR & ¥AR, W HE 5 min,
A 10 mins I 4.0 g &ALEN, #RJE 1 min, F
4 000 r/min K &0 5 min; BEER, T 40 C jig
Harziit, HOBEERSE 1 mL. 4 50 mg
PSA ¥k, it 0.22 pm PAFLIEME, FEREI.

1.3 HPLC-MS/MS &0 & 4

i % 1F: Phenomenex Kinetex C,q to il
(2.1 mm x 100 mm, 2.6 pm); FEi& 40 'C; K
0.25 mL/min; #EFFE 1 uL; LIRS AR 54
0.1% FER /KIS BN IR S A AT BE BESE ML, et
AW 1.

R A SR HLE 55 B 1 IR R B T A A
X, BPWEHEE 5500V, B FIHEE 550 C,
FALS 448 kPa, HliB’S 448 kPa, SIS 241 kPa;

1 BEVEREL

Table 1 Gradient elution conditions

eIl
Mobile phase/%

Wi i —
Time/min  Velocity/(mL/min) 70 0.1% FER /KB
E] o . L.
s 0.1% Formic acid in
Acetonitrile
water

0 0.25 10 90

2 0.25 40 60

4 0.25 60 40

7.5 0.25 66 34

12 0.25 66 34

12.1 0.25 10 90

13 0.25 10 90

Jo V% et R AR O 4y AT I TR BT S A 1A 4
I 7] BT finh K B v 4 HE — 0 (TOF MS IDA
MS-MS) #3, TOF-MS #1578 Fl m/z 100~600,
IDA MS-MS F$#75Fl m/z 100~600, 7% HE 80V,
MS-MS HEfERE R 35 eV, ¥ BAIEAER 15eV.,
1.4 ¥R RAVED B KA E 2 R 45

141 FREMEERNES o AU — e &
(1) 7 FRBR IR AR, OSBRI E RS 10 mL,
Fic i) B 5T BRI B2 D 1 000 mg/L fARVERE %, T
4 °C UKFELRAT o

142 RAVFEBERAES 2 HAEFRFEI 1.0 mL
FrEfE 257 T 100 mL A=, H ORI
7, BEEOR R E N 10 mg/L TR & bR ki &
W, T 4 °CUKFEIRAE . HERRE HUE BIRA bRt iE
HW, HOEZBERARE, BOw ot B 50
1. 0.5, 0.1, 0.05. 0.01. 0.005 A1 0.001 mg/L ]
RYNREARER IR -

143 HRIETRATFERRNES WEAK
KRESL, 1.2 Wb . |2 [T T EER
N BB VRS PR AR 0 i B RS SR E Y 1.
0.5. 0.1, 0.05. 0.01. 0.005 A1 0.001 mg/L ] &%
BE R UL ROV A AR -

B R BIR G hn HE I W -5 B o UL I VR A b v
W oy i 1.3 F4AElE, @id Multiquant #4
PR H bR — g BE B 1 W T AR 3R AT 2 = A AT
DS 9K B N AR bR, DA — 2 BEES U I A
BT, 2 ) AR 1 ph 28 R 35 S5 DG B b o fhh 28
1.5 RmEYSIRLE

) KRR 2 R it AR AR IS N 7 A B R R VR
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HARUHEE I, AR COAE ) MRL A, 23 3l il %
3K RS, BAKFEE S ke Hdr, 7
TV, SEINRE. R R AR I I K 3
9 0.001. 0.01 A1 0.05 mg/kg, ZAMERE, BEEL
i An — B R AN /K SFE47 0.01. 0,05 F1 1 mg/kg.
A 1.2 W55 AT RE S AT AL BN 1.3 45 SR E
TP I B R AAR G bR AE DR 2 (RSD).

ZER5TTL

2.1 IR RIERGRIEE

3 EE R EST IR/ B A A 20T 7 A
AT m RAE, I 7 FhEREELFILE BSTT B
Bl AR R R M + H] 5 g, B I RAE 2
B AR T 9 B T, R AR ST I B 7E EST 1
R RE o S - 7K WA €1 - 53 43 A7 o
WHRENAE, AR H 2 85-0.1% FHER/KA
TS AHES, 7 iR )38 AT 15 2 AR 4T 1) €1 i B
B B 187 MERER M+ H] =RBGE 7RG
Bl o ARG RE i — s s e, HE BRoAS I AR B
P, 7€ TOF IDA MS-MS ¥ Wl , 40404 I &
i, WE SRR R RN 35 eV TR
WEEE N 15 eV, (EXFFI HARMBIRE T —5%
1 20+ 35 Fl 50 eV 3 Ffil 4 58 T 53 15 1 28 i B
1) MS-MS &K (& 2).

2
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1. PHH simetryn; 2. S5 A isoproturon; 3. “F I % bensulfuron methyl;
4. PRk anilofos; 5. ZAFIERE oxyfluorfen; 6. ME L oxadiazon;
7. ZH %R pendimethalin.
7 MR EFIFRAERR (0.05 mg/L) RIS FREIEE
Fig. 1

&1
Extracted chromatograms of seven herbicide
standards (0.05 mg/L)

NS, TMBE%E QuEChERS J7 858 (AN Wt &
&, TESEBRBEFiH, BTN D2 EAN [F] R H2 H
Hn, DAIERAS B i [ R0 AR T
1E 0.05 mg/kg IR, 43HILL V(Z88) : VOK) =
80 : 20 Fl V(LR LER) : V(IK) = 80 : 20 IR & IF
WON TR IS 7 PR B F RS L. 25

(B13) KB K 2 FaREUATR, BRELFI R iR
BIFE A0k B IR EORY, HJE A [ R
TR, HEILR LB FHEET L, W

oz RS \ 23 iR . — . v
2.2 HICIETSERVIAEE AR FIERE V (LR LTBR) - VOK) =80 : 20 IR
by =} NS N D =} NS,
1EA% 40 QUEChERS ik, B RL 14 B 7 B NI IE ] .
a b c d
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a. PR simetryn; b, 5 PA & isoproturon; c. “NMEf#[E bensulfuron methyl; d. 758 anilofos; e. Z % H B oxyfluorfen;
f. BB oxadiazon; g. —HJ R pendimethalin.

2 7 FEREFIFRAERR (0.05 mg/L) B TOF MS-MS — 2R RikE
Fig.2 TOF MS-MS spectra of seven herbicide standards (0.05 mg/L)
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0 EZENLE =
V(ZERZHEE) - VK)=80:20 V(L) : V(K)=80:20
V (Ethyl acetate) : V (Acetonitrile) :
V (Water) =80 : 20 V (Water) = 80 : 20

?%#‘ simetryn S A % isoproturon
B+ k% bensulfuron methyl J5H1% anilofos
AT oxyfluorfen KR pendimethalin
B MR oxadiazon

3 FEHREUATIXT 7 MBREFR IR AR
(0.05 mg/kg, n=3)
Fig. 3 The extration efficiency by different extraction
solvents (0.05 mg/kg, n = 3)

1 BB B (GCB) 1 PSA J& QuEChERS J7
R BN AT, GCB A AL BRI SRR S5
TA T, (H 2 WP SR dk B FROR &5 M I A 2,
PSA W DL EBRIMEA VLR . TRRAbEZE . 2 T4
KIRBURE OB, AHEFTIEH 50 mg PSA 1E
HACH], SRR, AR AT 7 B R R A
W R 5 e 2 ik B A R Y, R, R IR AR
50 mg PSA 1E W B 7R 1A A i o
2.3 FHERNZMSCERE RN

¥ 1.4 TR R YR A AR R S 5L P UL TR

B ARMEV I, $% 1.3 710 124 I e I 2 il A vt i
2, R (K 2)RY: E—EELEEEN, 7M
ok 51 (10 o A B 5 0 7 g e TR A [R] 2)  R UT 2R
PER R, MRZRFEIAKT 0.99.

AT 5T K FH 2 Joi DU 0 b 14 1l 2 15 35 77 b 7
AR A RV B BN, B4 BB AE 0.8~
1.2 Z IR I RN S5 3 BT854 EfE /N T 0.8 I
RNEE NG, G EAE R T 1.2 B Ak o 3 5 AL
iR, gEHL (R 2) R LHERERE. VE R
I ] ) 3 SR RGN AE 0.66~0.77 2 1A], FI NI
AR, SRR, HRA . F A
PR ) L T AR AE 0.81~0.99 2 8], FI g5t
iy AN S N1 S B 1% 8 - i g A S B R N T
V5 B R AR AR I 25 TR TR, AT TR
J UC AR it 26 3047 2 AT .

24 FHAERERE. BEENREE

gERL (% 3) W £ 0.001. 0.01 F10.05 mg/kg
IR, FEEG. SRR, SEEREREATS
TR 101 25 [l WA AE 75%~108% 2 [A], RSD 7F
1.1%~7.0% 2 [A]; 7£ 0.01. 0.05 1 1 mg/kg 3 M
IZKETR, CEH R WA SR 1P
BIESCRALE 81%~108% 2 [7], RSD fF 2.7%~9.0%
Z 08 CAIRAS A% EICRE AT RSD (1 SR K- F
NE R (LOQ) R E VAN R . 455 (K 2)
R VURLG . SRONRE. MR PR RIS A
LOQ 4 0.001 mg/kg, ZAATE A WEE A1 — H
KRKILOQ N 0.01 mg/kg. ATJ5i 7 Flt gk w7
(1) & RS T o B [ 5K bR 1 28 ) MRL

R2 THBREANNLERR. ERMNMEER

Table 2  Linear relationships, matrix effects and LOQs of 7 herbicides

R B e 2R PV BAeAEVEp Y R RE FE R JE 7R
Herbicide Matrix Linear range/(mg/L) Linear regression equation r Matrix effect LOQ/(mg/kg)
PHEL 17 Solvent 0.001~1 y=1.10x 10x + 1.31 x 10* 0.996 6 0.70 0.001
simetryn KK Rice 0.001~1 y=7.74 x 10°% + 1.88 x 10* 0.9942
355 7 Solvent 0.001~0.5 y=1.11x107x +2.61 x 10° 0.994 9 0.81 0.001
isoproturon Jok Rice 0.001~0.5 y=8.94 x 10%+ 8.49 x 10° 0.9957
I ik 77 Solvent 0.001~0.5 Y =549 x 10% + 5.47 x 10° 0.994 0 091 0.001
bensulfuron methyl KK Rice 0.001~0.5 y=5.02 x 10% +2.03 x 10* 0.9950
PR #5771 Solvent 0.001~0.5 y=5.40 x 10°% + 1.32 x 10° 0.994 8 0.99 0.001
anilofos KK Rice 0.001~0.5 y=5.38 x 10% +3.23 x 10° 0.991 4
Vg W Solvent 0.005~1 y=835x10°x—1.43 x 10° 0.9972 0.66 0.01
oxyfluorfen KK Rice 0.005~1 y=5.48 x 10% +3.23 x 10° 0.996 9
T 1 i 77 Solvent 0.005~1 y =148 x 10°% +2.01 x 10° 0.993 2 0.77 0.01
Oxadiazon KK Rice 0.005~1 y=1.14 x 10% + 2.50 x 10° 0.9959
ZHRR 7 Solvent 0.005~1 y=1.14 x 10°% — 7.46 x 10* 0.996 9 0.88 0.01
Pendimethalin KK Rice 0.005~1 3=9.99 x 10°% + 3.22 x 10° 0.997 7
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F®3 7 MBREFIFEAK BT R N E = F0
3R EMRE (RSD) (n=15)
Table 3 The average recoveries and RSD of 7 herbicides

inrice (n=15)

il VNS RR2IC &S

Herbicide Spiked level/(mg/kg) Average recovery/% RSD/%
[ REE 0.001 81 6.4
simetryn 0.01 91 42
0.05 87 5.1
- FRARE 0.001 108 38
isoproturon 0.01 83 34
0.05 86 2.5
ISR 0.001 86 7.0
bensulfuron methyl 0.01 %4 54
0.05 87 7.0
VR 0.001 82 2.7
anilofos 0.01 100 43
0.05 75 1.1
LA TR 0.01 108 5.3
oxyfluorfen 0.05 100 45
1 83 9.0
WE R 0.01 83 4.7
oxadiazon 0.05 %9 6.2
1 89 8.6
CHIR R 0.01 81 3.1
pendimethalin 0.05 01 27
1 85 73

E¥, B0, AT & TR bR Re i 2 AR 25k
e )R,
2.5 SLRRERBNE

K A 58 48 ST ok S 005 B 0 b %, ok
Wi EBENLAM LR 7 4 KOKFE f g AT A Il . 45 3R
T RMERERE. VEBE. JEHFERE. TR
AR 5 EEHICT LOQ; 4 Mk
HIEE, &858 0.003 1. 0.002 7. 0.007 3
H10.005 1 mg/kg: 2 Prteah ke th ke, &8
23919 0.001 4 F10.001 6 mg/kg. P&k & iT
ARG T o ] ] SRb 7 T R () 1 0 R S T o A S
K _Ef) MRL {8 (0.05 mg/kg)¥. w0, 7 430 H
Py B ROKFE ity P R B 700k B e 2 R A

3 45

AR 5 T8 I A0 AR o R B VR A €3 - o
B RE RS 45 2F, 57 T QuEChERS- = 80 €2
V- H BB DU B AT & AT B ) i 3 [0 B 00 s K e 7
W, FEE. CEMEREE. . LA REE.

W R R SRR I 50 . AR TTVERE AT A
BRI, AR RIR. 25
BR PS5 T m] Whe 5 e AR S Ao v A 22 45 46 s 4
R BB o T 2R, @ T ORI BR
T B R BRI L HER 2 PEATE FE 0 AT
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