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Determination of pinoxaden and its metabolite M4 in wheat by UPLC-MS/MS

WU Chi*, HE Mingyuan®*, OUYANG Xiaoqing”, SUN Tian’, WANG Changbin*, CAI Bing®,

(1. Guangxi Vocational & Technical Institute of Industry, Nanning 530001, China; 2. Beijing ECO-SAF Technology
Co. Ltd., Beijing 101102, China; 3. Guangxi SPR Technology Co. Ltd., Nanning 530001, China)

Abstract In this study, the QUEChERS method was used for sample pretreatment, and the extraction solvent and
purification agent were optimized. An ultra-performance liquid chromatography tandem mass spectrometry
(UPLC-MS/MS) method was established for the determination of pinoxaden and its metabolite M4 in wheat grains
and straw substrate. In the range of 0. 000 5— 0.5 mg/L, there was a good linear relationship between the
concentration and the peak area. The average recoveries of pinoxaden in wheat and straw were 77. 6% —90.4%
and 76.7% —84.4% , respectively, and the average recoveries of M4 in wheat and straw were 81. 9% —89. 4%
and 74.5% —89.2% , respectively. The limit of quantitation (LOQ) of pinoxaden in wheat grains and straws were
0.001 mg/kg and 0. 01 mg/kg, respectively, while those of pinoxaden metabolite M4 were 0. 01 mg/kg and
0.05 mg/kg, respectively. This study provided a reliable basis for the accurate. efficient and economical detection
of pinoxaden and its metabolite M4 in wheat.
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100 mL/667m" Xf /NFZ FH 4 ~5 I RA B} 44 7L (7] 7L
Schoenoplectus trigueter (1. ) Palla,FZEIR Alope-
curus aequalis Sobol. i ) FFFRFCRM K. 25 )5 35 d
BREL MR E] 92. 9% F1 96. 1% , e T Bl %043 )ik
B 97.700H 99. 1065, il THBT R LA,
A b B i i e TG S JE R 6 L B [ L m g R A e
PR BB, 2010 4 5 ok 35 g Ji7 24 2R 5] A
A T 7007 HR L BB e Rk R R A E A A P
A M2, 15 B B AR Md ., e ik
Pi S HAR 1 M4 40 Sy e ek R 1 AT DA A H
MRL {8 S SR B DAl 1 AR . R o AFF 5 S 7 e
b s i R LA M A/ N2 i G I 5 12 BAT T
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Fig. 1 Structural formula of pinoxaden and pinoxaden

metabolite M4

1 #HRE5RFE
L1 EEF

7 T KRR 5 T BT 3 IE T AX (Waters Xevo
TQD) IR AL B A R A5 A3 18 ACQU-
ITY UPLC® BEH C18(2. 1 mmX50 mm,1. 7 pm),
Waters 4\ #); ACQUITY UPLC® BEH HILIC
(2.1 mmX50 mm, 1. 7 pum), Waters 23 ] ; Insert-
Sustain C8(2. 1 mmX75 mm,3 um),GLS Sciences

Q

ON T RS (MS105) . Mg 45 8 —FC A 240 8%
BB A LT R (YP502N) , | 135 0 [ 2 A5 TR
N B R P e # (KQ-500DE) , B 111 77 #8 A
XA A PR 7] 5 B » Eppendorf s & 275 25001
(TG-18), U1 EFHMLU s A FR A 7] 0. 22 pom fALE
JBE, RN A IR A W s Z B e TR A #8 (UMV-
2) bR AR A RA T,

Wb ARV S (Al 99. 1%0) b 5t B o 15
BT A A B A 5 ek B IR A M4 BRI (4f
JE99.7%0) s RilgINELA IR A R F s N-IN 3L 2
e (PSA) /e Bk b b A R (C18) Ay 81k
W2 (GCB) | ZRERRAIKAE (MWCNT) , K144 3
IR OHEHIR . LR VHCL (g 4l 4314t
FERR G R B A BRA s ke (G dralD ek &
FRER ol » B 255 B0 BRA A
1.2 #HRETREFE
1201 b v v off B BR 42 B

FHEALRT QUECKERS J573, FREL(10. 0040, 05)g
AT 50 mL g0 P A 10, 0 mL 28K,
10.0 mL 0. 126 R L0 - IRA] A E 15 min, SR )5
MELEHR A 6 g LK MgSO,. 1. 8 g oK
NaAC,2 400 r/min J&HE 2 min, 4 000 r/min & >
5 min, FYEW AR, B EVE TR 1. 600 mL TR
50 mg PSA FIE L4 H, 2 400 r/min J® E 2 min,
10 000 r/minf.L> 2 min, Bt FiEid 0. 22 pm fLfLIE
i
1.2.2 FZprped ok R4 M4 2 3K

KAL) QuEChERS J5 %, FREX (5. 00 &=
0.05)g &% T 50 mL B.L4 . A 10. 00 mL
1 mol/L HCI, {8 4], 80°C /K ¥ # 7 30 min, fil A
10. 0 mL ZJi .80 C/KIA B FEHL 15 min, IR £ %
S B L&A 5. 00 g NaCl, 4. 00 g o7k
MgSO, 2 400 r/min #Jig 2 min,4 000 r/min .0
5 min, FIERARSE. B ISR 1. 600 mL T34
50 mg C18 BB ., 2 400 r/min R JE 2 min,
10 000 r/min &0 2 min, B3 0. 22 pm fFLIE
JEE A
1.2.3  FEAT o v oif 5 g 42 X

kA AL 1 QuEChERS J5 25, FRHC (1. 00 &=
0.05) g F5FFF 50 mL .0 d, A 10. 0 mL £
BFK,10.0 mL 0. 126 BER 0, 1R 21 # 75 $2 B
15 min, X5 [ OB HIIA 6 g Jok MgSO,,1. 8 g
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o7k NaAC,2 400 r/min HJE 2 min,4 000 r/min &5
0 5 min, FYEBRAHFE. BUEEWR 1. 600 mL F4¢
A 50 mg PSA B9, 2 400 r/min JBHE2 min,
10 000 r/min &0 2 min, 0. 22 pm fLFLUE
JEE, R
1.2.4  FEFF oo ot B R R84 M4 3R R

KAL) QUEChERS J5#:, FREL(1. 00£0. 05) g
FEFFTF 50 mL B0 4 H1, A 10. 00 mL 1 mol/L
HCLLJR4A7,80 C /KA #ER 30 min, LA 10. 0 mL ZJ,
80 CKIAMEA $RI 15 min. B H BRI G . [ B 04
A 5. 00 g NaCl,4. 00 g Jo7Kk MgSO, ,2 400 r/min
WHE 2 min,4 000 r/min Z5.0> 5 min, B 4. 000 ml,
Jiez&dE . 4 1. 000 mL Z 5 E 7 ik, BrliEsg
R 5T 3% 245 A 50 mg C18 iy B0,
2 400 r/min JBJE 2 min, 10 000 r/min &.[> 2 min,
WL 0. 22 pom BFLUB I, FR 00,
1.3 MERREEE R E AR5 M4 F94&
1.3.1 @A n g

AW AEET 3 Ao igrE C18(2. 1 mmX 50 mm.
1.7 pm) \C8 #(2. 1 mmX75 mm,3 pm)Fl LCHILIC
(2.1 mm>X50 mm, 1. 7 porm) X M BHR G S 1A b e g
PRI U8 B8 R B 520 . IR S AE S S — KA
(70:30), HAKAMH & A 0. 01 % iy H RIS, % ik
GERE AT BINT 0. 25 mg/ 1L {14 MR BHR R P R R 5 A
PR ER TR T A0 AT I R . 22 67 RIS FF 32 Joi v e
W S0l SR FH O S FR L 0. 126 R S5 A0 0. 126
(SR C RGBT, 22 B RS AT rhms bk 5 15 A 819 MA
SHIR R0 1% R & . 0. 150 BS 1R &
10 mL 1 mol/L HCI+10 mL Z 528, 80 C /K5

P AT B 32 B, DL PSA Dy ¥ Ak B R 1 5 o A 4
Bl
1.3.2 @it
it A ACQUITY UPLC® BEH C18(2. 1 mm

X50 mm,1. 7 pm) AEHEN 40°C L BRI ELES I S AR
HLEF 0. 0106 I ER /KB (70. 0/30. 0) &5 HE Uk
JBd o A 0. 4 mL/min; FEAE RN 2 L, PEBKEERR
R M4 FEhAR S Z T 0. 0106 I R/KIR R — T
BEREVRL R 0. 4 mL/min; JEFER A 5 pl; B6E
VAL 1.

R 1 BMEEAEY M4 8RR 4

Table 1 Conditions for gradient elution of

pinoxaden metabolite M4

B[R] /min i /mL « min~! ZfF/% 0. 01 % ERKIEH/ Y%

Time Flow rate MeCN 0. 01% formic acid solution
0. 00 0. 40 10. 00 90. 00
2. 00 0. 40 90. 00 10. 00
2. 50 0. 40 90. 00 10. 00
3. 00 0. 40 10. 00 90. 00
4. 00 0. 40 10. 00 90. 00
1.3.3 &t

LS 55 2 I, 1IE B i B (EST ), B+
PR EE 150 C L R ANREE 500 C, L3 FIA (N I
it 1000 L/Hr gL (N Ji 50 L/Hr,
IR B B A4S HL TR 1. 99 KV, I bk 5 S AR 345 M4
EEHLE 3. 80 kV, R MRM £ J )i i,
LA B8 B[R] RN B8 7% (BB TR0 2 DT FOE R
AT AT 5 DARE B 7 e A e = 19 7 2
HATE RS, BARBUE S 8L 2.,

F2 MWERESEREEN(MRM)RiLESH"
Table 2 Multiple reaction monitoring (MRM) MS parameters of pinoxaden

o X6} 52 BT J A H HEfLHL R/ V T RE/ eV PREB ] /s
Test compound Ton type Mass-to-charge ratio Cone voltage Collision energy Retention time
TR B 5 i +J: 8 F Parent ion 401. 332 0 — —
pinoxaden B+ 1 Daughter ion 1 317.244 3 38 20 0. 750
T B+ 2 Daughter ion 2 131,096 1* 38 58
it M4 £} 51 Parent ion 333. 142 = =
pinoxaden metabolite M4 - 1 Daughter ion 1 100. 993 34 26 1. 550
T B ¥ 2 Daughter ion 2 303. 174 * 34 16

D R T
* Qualitative ion.
1.4 FFiEWIE
L1 A0k dh &l
K FHZERL AR R T 25 1 4 B s 710 s 43 3ol

B A AR B s v V7 VR FT s bk s T A ) M4, A5 3k
B 0. 000 5,0. 001, 0. 002, 0. 005, 0. 01,0. 02,
0.05.0.1.0.2.0. 5 mg/L [t 5 br v 7 % - BUHECEL
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FH o RZZ R0 5T 25 1 32 BOR S 700 0 e s E T
W53 BE SN 0. 005,0. 01,0. 02,0. 05,0. 1,0. 2,
0.5 mg/L W22 R BARHEVS W . R RS A S i =
B BBV A i 700 R R B T U 15 B R EE O
0.002,0.05,0.1,0. 2,0. 5 mg/L AFEFTF 3L AR AE TR
o ¥ 1.3 /A TAGIN s o J31) LA Wt b 2 75 7 e b
FEMRACH M4 1 JoT s Tk 32 A A A s, A I 1) 06 T
BB A bRz il bR £2
1.4.2 3 hmE R DL RO 5 B # E

FEZS A ZZR IR AN 3 A 7K MR BE Y e b 2 i
PRUERS I WK P43 5128 0. 001,0. 01 mg/kg Hi
0.1 mg/kg, FEZ5EARF U 3 KM FE i bk
FEREPREVE IR UK P43 31 8 0. 01,0, 1 mg/kg F
1. 00 mg/kg, FEZS FAZERHEIN 3 7K1 B iy nas
IR A M4 BRUEVE IR WS InKF-43 518 0. 01,
0.1 mg/kg fl 1. 0 mg/kg, FEZ AR HEM 3 4
K- e J3E s b T A X ) ML ARV TS VR TS K
4314 0. 05.,0. 1 mg/kg F1 0. 5 mg/kg, BENERNK

MRM of 2 channels, ES+
401.332>317.244

pinoxaden
901620190821007 Smooth(Mn,2x2)

a

Pinoxaden-RB-0.01 mg/L 1.766e+006
100 - 0.70
62 141
5
L g
2 T osor
# 2
<
025 050 075 1.00 125 150 1.75
B /min  Time
pinoxaden-M4 MRM of 2 channels, ES+
901620200422022 Smooth(Mn,4x4) 333.142>100.993
Pinoxaden-M4-RB-0.2 mg/L 1.632e+005
100 1.56
18516
5
< 5
2 Yy
# 2
<
1 1 1 1 ") 2l 1 1 1 1 L. 1 1
0.50 1.00 150 2.00 250 3.00 3.50

Bf)/min  Time

C

PR BEEA 5 K. i 1.3 AR TR 1A R N
[ S5 K AR A i 25 (RSD)

HRESM

2.1 MMEEERERBEY M4 1
2,11 AW &

SR AR e bt s AR R AT M4 22 R
DIZH R TR B B e AR i i i 5 =X, 72 100~
500 m/z e B P4 H 6 IE B g (EST) Fil i 2
FHUE(ESI) [RIBF A7 . &5 R &8, 4 EST
LTI o A R R TR IR R TR A ) M4 B ]
(RRAE B Pl M+ H |, PR 43 10 4 L R R 3k
FEBE BT T Rl RE o L 2D R R T
T B A VL Bl 1 i L B AR AR S RN 1L 3 R
E— 25 Al €0 1% 25 A1 » Fic 2 MA IR S A R 71 85
M) M4 #4572 5—0. 01 % H iR /K 78 W A4 22 R i 8
AH S FE T BEAR BE VR 25 A N A5 B A i i R A VB
PERIETE (K] 2)

pinoxaden
901620190821007 Smooth(Mn,2x2)

2

MRM of 2 channels, ES+
401.332>131.096

Pinoxaden-RB-0.01 mg/L 1.103e+005
100 — 0.71
3828
8 L
S
Qg 50~
# 2 -
<
PRPRPE RPErarare | 4l L i - 1 " 2l "
025 050 075 1.00 125 150 1.75 b
It /min  Time
pinoxaden-M4 MRM of 2 channels, ES+
901620200422022 Smooth(Mn,4x4) 333.142>303.174
Pinoxaden-M4-RB-0.2 mg/L 1.369e+005
100 ~ 1.56
14 406
L
2
2

0.50

1.00  1.50 2.00 2.50

Bf) /min  Time

3.00 3.50 d

a: 0.01 me/kglMem R B g vl ih; br 76 Z2RRE R R 1001 me/kglnfk FEs; c: 0.05 me/kg MWk RE R AR AIMARAHE h; d: FERSFFRE)S Hf00.05 mg/kg

IO AR M4

a: 0.01 mg/kg standard pinoxaden; b: 0.01 mg/kg pinoxaden in wheat grains; c: 0.05 mg/kg standard pinoxaden metabolite M4; d: 0.05mg/kg pinoxaden

metabolite M4 in straw substrate

& 2

A bk B T A R B K351 4 M4 AR R BB R

Fig. 2 Chromatograms of pinoxaden and pinoxaden metabolite M4
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2.1.2 @EifAE®E

mgnpk e A AR MA 78 LCHILIC A+ 1[0 B
[ T8 00T (i AT 50 25 A v S ey f PRI
THAE C18,C8 ikt AR FE I IRI A 24, {7 C8 1
TERE FAma R AN T C18 gt i, eI C18
oA T IRb R i A A BT
2.2 ZHAEBEFERILERENRNK
2.2.1 REBGEFHHEF

LGS I sl 3 R 35 b 45 SR 2 0L 0. 1260 F R

SN X 22 R e bk R i ) £ IROROR B L 0. 104
S R L Xt 55 T b s b i 1 48 BBORICR B £ A
80 C 7K s H I BARE 5 4 B 2% AF T - 10 mL 1 mol/L
HCIH-10 mlL Z i 3 22 055 755 AT e ok e 1 A 35
P M4 R BOCR e, X T 0 . BRI 2 e Y
PEUCHCR AT R o e PR Q) M4 A7 AR I S 2
HILHIZS L mol/L HCL, LK ¥ Jin 448 74 4l
B S HC, A F T REA P e 25 M4 Jir . 45 R I
% 3.

R 3 FEHREUH RS Z L5 R FF o A S 0 R EE R 41511 M4 B EREULRY

Table 3 Effects of different extraction solvents on the recoveries of pinoxaden and pinoxaden metabolite M4

oRIIDSE S T SR wn e/ %
Test compound Matrix Solvent Recovery

T Ik 25 il k7 10 mL Zfi§ 51.3~68.5
pinoxaden 10 mL g 42.7~65.8
10 mL 0. 1% H & 2. i 71.5~77.9

10 mL 0. 1 % EERR 21 65.9~79. 1

FEFT 10 mL ZJi§ 55. 8~67. 2

10 ml H 38.2~41.0

10 mL 0. 1% H & 2. /i 63. 3~69. 9

10 mL 0. 1 Y EERR 2.1 73.8~78.4

AR I A 3 M4 SR 10 mL Z fi§ 33.5~39. 6
pinoxaden metabolite M4 10 mL 0. 1% ik Zh& 33.5~47.1
10 mL 0. 1 Y BEHR 2.0 36. 9~45.0

10 mL 1 mol/L HCI+10 mL Z i 72.0~77.2

& 10 mL Z fif§ 32.1~41.5

10 mL 0. 1% H & 2. i 25.3~45.7

10 mL 0. 1 % fiti & 2.5 38.2~47.9

10 mL 1 mol/L HCI+10 mL ZJi% 69. 3~75. 8

D Bz 0.1 mg/ke,

Spiked concentration for all test compounds and matrices is 0. 1 mg/kg.

2.2.2 ANAIWMHE

AR TR 4 i 45 531 SR B GCB.L PSA. 22 BE i 4 K 45
Al sk B R A M4 430l R F PSAL C18 F
GCB ¥k, ¥ ib)a, FIE W89 . Ui 4 Fhig
07 AR RBAR A7 23 BR B 28 . AN [m] ¥ 1 700 % 22
FFEFFEE I 0. 100 mg/kg ¥5 1k B A e o 0
T N mae mpfe 5 AR5 4 M4 1 (8] 50 8 52 e A [+
50 mg GCB.50 mg PSA .10 mg 2 BE ik 40 K 4 15
AU 5 2 A 55 ot r s ok 5 15 174 [ A 5 [ 4 o Dy
70.3% ~79.1%.71. 9% ~77. 3% .,65. 2% ~
73,7 Y0, R FE 3 5 s bk R A [ R A Sl Ry
58.9% ~64.8%.72. 0% ~77. 1%.40. 2% ~
57.1% ;50 mg C18.50 mg GCB.50 mg PSA 1k
Jo o 22 0 J5T v e b S R S A M [ A R 4y

Wk 70.3%~78.1%.69.2%~77.3%.55.2%
~62. 3%, FEFF LT s ok R AR ) M4 (1 ]
PR H 78. 9% ~84.8%.72. 0% ~T77. 1%,
59.5% ~65. 4%, S5 FW . LR 5 R
rh 96 PSA Ay Ak 7R s R 5 A8 0 [ AT 2 5 2
SR 2 AT C18 Sy v Ak 70) mae bk 2 155 A 34 M4 IR
el e 259 5 SR (I R AE 7000 ~ 12060 2
). 45 R 3,
2.3 FHIiRWiE
2.3.1 E AT dh &2 4|
FETVERCA MRS E 20T, 45 RRBITE 0. 000 5~
0. 5 mg/ L F JoT 2 R B2 Y1 [T DAY, MAf bR A S 7R s b 5 g
R M4 g AR () 5 H BT B (o) S R 47
PR R
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P22z 00 78
AR

(R

WK - R AT

pinoxaden-wheat straw

WA K B - R

pinoxaden-wheat grain

B M AR M4 2R

pinoxaden metabolite M4-wheat grain

B MR R AR I MA-REFT

pinoxaden metabolite M4-wheat straw

Cl

=]

GCB PSA
HAk# Sorbent

3 FEEUH T EZHRFEF M ERREREY M4 BRI EK R (n=3)

Fig. 3 Effects of different sorbents on the recoveries of pinoxaden and pinoxaden metabolite M4 (n=3)

R4 WIMEREFIMMER AT M4 /N Z PR AR E 2
Table 4 Standard curves of pinoxaden and pinoxaden metabolite M4 in wheat

ez S5t 815 7 FHE R B

Compound Matrix Regression equation R?
A AR ZHiL y=877 900. 408 1x+2 897. 682 1 0.999 5
pinoxaden FEFF y=192 410. 772 3x+18 698. 386 2 0. 996 2
T Ik 25 BB AR 34 M4 KL y=62 761. 397 42+29. 880 5 0. 999 9
pinoxaden metabolite M4 FEFFE y=236 317. 159 5x—252. 652 4 0.999 9

2.3.2 A AmEGR R B E R AR R

1E 0. 001.,0. 010mg/kg 1 0. 100 mg/kg #RMK
SR IR bR R R FE 22 R RS- 38 TR R Ry 77 6%
~90.4%.,RSDs 2 1. 71% ~ 3. 64%; 7£ 0. 010,
0.100 mg/kg il 1. 000 mg/kg %7K F T M opf 25
T FE RS FF v P-4 [T i %6 76. 700 ~84. 4945, RS-
Ds 4 4.35% ~9.36%. 7£ 0. 010,0. 100 mg/kg
1 1.000 mg/kg BANACF-T , bk = 15 X354 M4
FEZE R B ISR 81. 9 %6 ~89. 4 %6, RSDs

H5.51%~13.90%. fE£ 0.050,0. 100 mg/kg il
0. 500 mg/kg W hN/KF- T, ms bk E g A 4 M4 7
FEFE v (-5 Il 2y 74. 590 ~89. 226, RSDs 2
3. 14%~15. 60% (36 5) ., MEMRE G 7E 2 kL F F H
9 B BR300 24 0. 001 mg/kg #1 0. 01 mg/ kg ; Bk
IR AC I ) M4 78 22 00 F FF A & R 43 il Sk
0. 01 mg/kg F1 0. 05 mg/kg. 1% F7 1 1 [HIYSCR  HER
FE KG9 BE R R 206 R CRAE ) A 25 5% B i e
VAT ARG R

F5 MMERREAEY M4 2N FE PRI E R R B RERZE (n=5)
Table 5 Recoveries and relative standard deviations(RSDs) of pinoxaden and pinoxaden metabolite M4 in wheat (n=5)
ez HE T B /mg « kg ! S mlR/ % AR AR AEAR 22/ %6

Compound Matrix Spiked Average recovery RSD
A 2 il SR 0. 001 90. 4 3. 64
pinoxaden 0. 010 77.6 2.43
0. 100 83.3 1.71
FhFF 0.010 84. 4 9. 36
0. 100 76.7 4.35
1. 000 83.4 5.92
e bk S AR T ) M4 R0 0.010 81.9 13. 90
pinoxaden metabolite M4 0. 100 87.0 10. 30
1. 000 89.4 5.51
T 0. 050 89. 2 15. 60
0. 100 83.9 8. 67
0. 500 74.5 3. 14
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3 @RSt

A5 K QUEChERS J7 ik #- 4 THE i AL 2
#EA7 T UPLC-MS/MS {7 /[N 27 22 A A FF i s
FE S A M4 5% B8 o3 . SRIBUA I
PEHES B G v gk it LA & B Anb & W e Te
LA . W A PLE BUA A i H
i IE CUBE R SR O TR e N Hp 2

0T R 28R 245 B R i i DL BB/ N 4 o

s Hh R P — o LA A PR B 7 (HHE R
YRR, T H 57K B3 A2 ) i R BUS A7/
IKAMELABR R, MREA R B A B B B AR
FRIRRE T 32 i B BCRCR A/ Y . QUECKERS J7
Bow R LB RS C18. PSA, GCB, JC /K 7 ik 5 il
ZRERANOR A S5, Horp C18 T BfHAE & v A I s AN 2
FIBT, PSA 32 B0 A i o 09 1 I 1 R W 218 2% ol
GCB 2 LBty -2 31 54450 JOKBRIREE v]
ZBRBES AR AT AR SO 5 T B R g 5
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