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Determination of pyroxsulam in the grain crops by QuEChERS-high
performance liquid chromatography-tandem mass spectrometry

WANG Dong-Bin, WANG Chun-Ming"

(CAIQTEST Beijing CO., Ltd., Beijing 100123, China)

ABSTRACT: Objective To establish an analytical method for the determination of pyroxsulam in grain by high
performance liquid chromatography-tandem mass spectrometry. Methods The sample was extracted with acidic
acetonitrile (containing 0.5% acetic acid), and purified by optimization of QUEChERS (400 mg C;, 400 mg
anhydrous magnesium sulfate) method, and then the extracting solution was centrifuged and filtrated before
detection. The extract was separated in a C;g reversed-phase column with gradient elution of acetonitrile and 0.1%
formic acid as the mobile phase, at a flow rate of 0.3 mL/min and detected in multiple reaction monitoring, matrix
matching external standard method were applied for samples analysis. Results In 11 substrates (soybean, barley,
rice, sorghum, rye, Tartary buckwheat, soil, wheat flour, wheat, oat, corn), the linear relationship between the
concentration of pyroxsulam and its corresponding peak area was good at 0.001-0.03 pg/mL. 7 were greater than
0.996. At 3 supplemental levels of 0.005, 0.01 and 0.05 mg/kg, the average recoveries of pyroxsulam were
90.3%—-112.3%, and the relative standard deviations were 1.1%-7.9%. Conclusion The accuracy, precision and
sensitivity of this method are in line with the requirements of pesticide residue detection.
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WE fisf ¥E 1 (pyroxsulam), AP SCAb2:44: N-(5,7-— H A ik
[1,2,4] =M 1,5-0] M I -2- 3 )-2- 4 i -4- (= R ), 3
1k % % © N-(5,7-dimethoxy[1,2,4]triazolo[1,5-0]pyrimidin
-2-yl)-2-methoxy-4-(trifluoromethyl)-3-pyridinesulfonamide,
feeEgi R 1 R, 23 ERRb AR R R R T A
PR IR S R A 2 28 | B /N2 B R BRI, 1A
7 XDE-742. 4k 2007 4FAE R FILLR i 44« Admitt” 2R 75 4Bk
B, BE AL M4 PowerFlex) . 55 [E (7 fh 44
Broadway Star) . & F| (B i 44 Admitt) , FUAR AL (BT % 44 Merit
Gold), JKFW (74 Crusader), ELPH(RIAh4 Tricea)
AL EILEFEZGMMIX FT, E AT E N U2 5 e
FEgah A, 2wl

WERE B XS AR R | HACEZZ IR, W | Bfmer 4
WMEARARI A RS HIBEAG R MER 2R3 6
MR N WEURIE ., SR, OB E A —E R
Bk, HIZBRECT S HREER | AR R ETOE ik, IE
i R P 2 = el I 8 PO i SIS £ TR L R 5 J T (acetolactate
synthetase, ALSYITilF, LS i 22 ik N Y 2.
PEFLIR G BB, [T¥EARAE Y ICIL & B S SR 2R .
GRS, MR A A, 2R At i 4324,
fligeEfs A, WAk, BAPET, MRS R —FE
Y6 A A SRR TR I, fEAETAEY) . FOA . 4
W, (BFESIR AN o WERRRE I — B FH 2 B fE 9~18.75 g/
NBZ A SRR . RO KB 1SR, PR
TER T WERE B e 5 A SO A R S I, U S 3R
NHAERE (halauxifen — methyl)!? . S0 ZLIERL (aminopyralid)® .
SRR B i (florasulam) P 1K 22 ¥ (pyraflufen-ethy ) 45 (1) 45
fic. MEREELNE A _EATRR, HATBRAUE K

it o W i e A 2 R SR B R, LA A R ik v
FA5R R BRI R 2 AT . (H G T e R ek B
AT AR 5 A A 120 Ay B o 2 P ARG T e Tt e, AR A5
R AR 24 5% B DR RGN BT AL #4977 1: QUECERS, 455 sk
TR 2 T - HR I D AR AT B T o, A SR N W R R 1 AT
Jride, DAHHAE T iEmk e iy e v . e, A Bk
YRl ErrEfie =2

il

(‘)CH3
CF
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Fig.1 Chemical structural formula of pyroxsulam

1 MRERE

1.1 XBE5IRH

EXionLC-QTRAP 5500 & A {413 - 5 156 S 1% A% (35 =
AB SCIEX A H]); SR-2DS ¥z ##( H A TAITEC A +l);
WG (75 [% Eppendorf 23 #]); VORTEX GENIE 2 i igiR %)
(3£ Scientific Industries 22 #]); CR2IN B.OHL(H A
HITACHI A7]); EVAS0A Z WAL (H E ¥ 7 Z#RHAF);
XS105&PL303 2347 K F-(Hi-1: METTLER TOLEDO /A #l);
Milli-Q H4i/K R4 (TEE Merck A ).

WE Rt B AR E & (S5 99.1%, f%[E Dr. Ehrenstorfer
NCIDE

N, WEE, (Gl 18 Fisher 2AF]); Jo/k
BRlREE . E Ao Prat, EZERFRRAEBRA ;|
J\ e B BE e B B B RS (Chg) < N-TR & 2 Z % (N-propyleth
ylenediamine, PSA). 1288 {k#k 2 (graphitized carbon black,
GCB)( % H Agilent £ 3 A BR A wl); o ¥ & b 45
(BONDESIL-AL-N)(K ¥ Bonna-Agela 23 F]); 0.22 um JE &
PERECR A A ), SR80 2 HZK O Milli-Q A4tk
1.2 KWHE
1.2.1 R eEH

PRUERE R IR BC ] FERRARIOE % 19.51 mg T
10 mL s, MOEER 2205, 155 1933.44 pg/mL
(AR I 25 T

FRE R AR OB 2B 1933.44 pg/mL AUFRIERESS
W 517 pL T 10 mL ZEaRH o OIEE S 2215, 155
10 pg/mL BERS B AR AE AR o WHL 10 pg/mL BERE K
FRUEPEI 1 mL F 10 mL &S 2 E R E X,
35 1.0 pug/mL AYARE R E) T

PR ARSI BC ] 2008 1.0 pg/mL HbREH
[ 10, 20, 50, 100, 200, 300 uL T 10 mL Z&&H,
CIEERBZE; 1 mL 25 AR AT, 450
A I mL R TAERRER, 15%]1.2.5.10,20,30 ng/mL
JE SR VC FC bR e T ARV
1.2.2 Honara e

(D) RAFE AR ] £

$iZ B8 GB 2763—2019 (&b e E iR ik
Zif KAk BRI AL ) I HISE R U (P O &,
FER SIS A B AT, &

(2)FEH

FRER 5.0 g FESLCREBE 2 0.01 @) F 50 mL HIE .04 |
fIA 10 mL —2% /K23 30 min, MMA 10 mL 1L 2 (&
0.5%Z. 1%, VIV), ¥¥% 20 min, A 2.0 g NaCl, 4.0 g
MgSO, Z#E 30 s, 20000 r/min #.0> 3 min, B FIFREH

34k

B2 mL $EHUE RN & 400 mg C g, 400 mg MgSO, 11
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F AR, % QuEChERS- 528 AH €6 1% - 58 BT 1 28 R A HP I Tk 5 g 1) 3% 7 3801

5 mL A4S d, JR% 5 min {14 4b524, 12000 t/min 2.0
3 min, B 1 mL 4L 0.2 pm JEe BB, M@
- IR RS (Y (LC-MS/MS)TIAE o
1.2.3 A3t eg 432

T BE B R 2 THEBUE A 50 mg PSA . 50 mg
Cig. 7.5 mg GCB(HIIl 150 mg TR FITE/KBRIREE)., X T4
WA, B 25505 g FEM, WOIN 10 mL K THENL, 45
ERIFFILTIRRS, FF5% GB 23200.113—2018¢ &M%
SEZ bR AEYIEPE R S A 208 Rl 2 KHACH AR R
e M - ERS ) Pl QUECHhERS RipARHE G
T IR S SEOR Y P VTR AR 400 mg
PSA 400 mg C;5.400 mg AL-N . 30 mg GCB. 800 mg MgSO,
F 5 mL BOIEEOEP, S5MA 2 mL 20 pg/mL BEfi &
FeARUESS, P87 10 min, 12000 r/min 250> 3 min, Z3-5HL
1 mL 2 0.2 um JE B EALINAE
1.2.4 RIUER a4

FREL 5.0 g /N, A 10 mL —ZUKE 30 min,
10 mL AREEGER], #£7% 20 min 5, fIA 2.0 g NaCl,
4.0 g MgSO,, #&#% 30 s, 20000 r/min &.0> 3 min, B 2 mL
RPGE RN 400 mg Cig. 400 mg MgSO, A 5 mL §+{bL &
tr, P&3% 5 min fFL5E 4, 12000 r/min B0 3 min, FHL
I mL 20, BRI NE . RERgiid 0.2 pm JE IR,
BHL 1 mL NEAIZ R O FRE R 40 *CARIB AR R T,
I mL ZEE%, 15 0.2 um JE Ju FEEEH
125 #ABE - B RAELH

(DM g

{34y ACQUITY UPLC BEH Ci5(100 mm=2.1 mm,
1.7 pm); FEIRAGIREE A 40°C; HEFERA 1.0uL, FRENAH A
4 0.1%F B /KWW, B I b I, K 0.3 mL/min; £
FEVEFEF N : 0~0.50 min, 10% B #1; 0.5~1 min, 10%~90%
B #; 1~2.5 min, 90% B #H; 2.5~3.8 min, 90%~10% B #H;
3.8~5.3 min, 10% B #H.

Q)T %1

FH, 5% 2% 1F. B F #5 2( (electrospray positive ion mode,
ESI"); £ )% v Wil (multiple reaction monitoring, MRM); <,
ARSI 30 psi; RS J7: Medium; HL 55 HL %
5500 Vi E§FURHELE: 500 °C; WES A ): 50 psis AN
PERE J7: 50 psi; JEEHEFIR] 120 ms; 22 K0 Wil &5 - X0
m/z 435.1>195.1, REAHAER 35 eV, ZLFEHIE 80 V; m/z
435.1>258.0, filf f% fE it 30 eV, LML 80 V; mi
435.1>166.0, WiEAER 40 eV, KRHIE 80 V; H g
TXFN m/z 435.1>195.1,

2 HERS5SH

2.1 WERRERR R EAHY
REGEEART AR R 2 BANTR B /N2 R

B (XDE-742) 1) F= ZAR Gy 2 i ) e IR 5 B 7 Bk
3£ B OB B 5-OH-XDE-742 #l  7-OH-XDE-742,
5-OH-XDE-742 1 7-OH-XDE-742 F it — & # 1k R
5,7-OH-XDE-742 . W fiff 1L i F JL A 00 5 AL AR X 45 P,
AN B BRI SIS0 B AF AR . XDE-742 &7
HE P 1 = A g W 24 AR 22 i) ) Rl O fe 2201000 T DB 22, T2
— BN Y, A0 = B I 1 IE (2-Amino-5,7 —dimethoxy
-1,2,4-triazolo, ADTP), XDE-742 f#[i2 1 XDE-742 BEMENE,
TEULIE 2, fk3d 25 F ET0 A3 | TR D Al S v 00 22
IR WE R T 2K A S ) (O OUSRUI B | . ST B
XU i 25 ) DL A AR s O S o Sk i 4 £
WA, RTOBFSE T K I R A A R AR
it s %,

#51f] PubChem database J5&ZFA 5-OH-pyroxsulam
(5-OH-XDE-742), {H/Z A XL CAS 5, H HHTH TG
5-OH-XDE-742 &, 7-OH-XDE-742 brifEYI i . % Ttk AHfF
G UK W il A A (A A A I
2.2 HMERARMAKFERIL
221 BHE

WE fith i 10 T & % DOW TE B A 4 i B HLRBAE 4%
YIVED) P ARAE T3 I — 4R R BRI M2 B I o I,
ARWFFE I HUK B (soybean) . KF (barley). K K(rice). =%
(sorghum) . PE3Z(rye). 773F(tartary buckwheat), /NEHy
(wheatmeal), /NZ (wheat), FEF (oats). K (corn)fE M
FEHEEI
222 + ¥

R AR RO RE AL, P 2R ZRE S L A
SRAFR G, LA SU R IOCE RIME . -4k
. BHUR . BMEE LR HAB R Z AR, ik s
TN A AR, —Hk .

- 38 v g SRR A R T R G R R R AR
20 °CIRES, 7EERERE LR 3 do TERk
B S R NUR S E L SR R, RS
pH MGG N, 76 pH AR R . AHLSE & B
T, B A R R

Shy SS9 W T R A - R AR BRI O, AR
7 [ B3 IR NS N 52, WFSEXT4 pH (2N 8.6, A
HLUF S & 12.9 g/kg.

223 FmeE kKR

AN B R e e T R e Y e KPR R PR R LR 1, R
i AN ] [ 285k B PR (0 5 5K, A 1) A it b RS 45
FRUEE IR B AR A INK N 0.005 me/kg, FFdkdE 1. 2
10 5 3 MACER IR HER R, BAKTPEE 6 1R, #1.2.2
1,25 WS REATRI AL BEAIAL A €, 44 [ A
FH X h5 U 22 (relative standard deviation, RSD),
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OCH
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kﬂ

5,7-OH-XDE-742

XDE-742 sulfonamide

AAA/L

XDE-742 sulfonic acid

2 XDE-742 fE/NE 3B fRIAHFAE
Fig.2 Proposed metabolic profile of XDE-742 in wheat matrices

*1 TEERFENEEERSTAKERSE
Table 1 Maximum residue limits of insulfonamide established by
different countries

I KB B B4/ (mg/kg)
AT
EE gk BRE BRI

AN AR 0.06 0.1
INE . B 0.01 0.01  0.01 0.01
N TR 0.01 0.1
INEE | R 0.03 0.1
AR (T 2L 3) 0.01 0.01
&, waMHAE 0.01 0.01
ES-INIGES 0.01 0.01
RICHE R=IE)) 0.01 0.01
X 0.01 0.01
445 0.01 0.01

23 (UEEHFRMK

FC i 0.5 mg/L BERSE B MARAERS L, 49501 >R FH HL I 55 1
B (BSO8R (BSOS HitbA T8k 8 P94 .
SR, NERE B BOE A T EST, LSy TR Tk
[M+H]" K m/z 435.1, #F—%F 78 Rlid#EfE R (collision
energy, CE), 2% i [ (declustering potential, DP)3# &4tk
Titfk, RAERR R USRI WE 3. SHREFRES

P B 2y CAC/GL 90-20171VGiRE /4 7 v M 2 S R
MEBENANETM2ATETARKE 4 SEEE, &
DR R . IR TR/ N 3 A B XHER
RILAL G YRR S T3, HhgBESREE RS+
XV Ry e 1 o e 20 S W R 1 BRI B X R m/z
435.1>195.1, Rt AE &= 35 eV, EEHE 80 V, mk
435.1>258.0, fffEAEE 30 eV, £ HIE 80 V, mki
435.1>166.0, REFERETE 40 eV, KFEHLE 80 V; HirpEE &
FXF K m/z 435.1>195.1,

K FE B FRE TR S T, 2R S T AGE
WMRPIR . L5 4t HAR b &I B M+H] &+,
JAGE BB iR . ZIREEEEZK) AT AR 2> [M+Na] ",
[MHK] P RE, MATIEE E5 H AR 10 R SR AR5 sl
K. WK, ZRREK . HRR-CRREK TS JCHLA(A
AH); WEE. CIERTA A NIAH®B HH). @i A, B 2 AR
HIZHA HEE TR IR, 0.1% RN A AN, B TGS e
WRENE, WERRE R 0B TR e A FHA
B ML, Z5RE 4 fis: FES 0.1%F BRKESE
(4:6.5:5, VIV ZAE T I W AR FAER S T imap, 206
[EIRELI; FRIESE 24 B AR 2 S I, MR e g rg o 1 s g T B
B, SRR 1.2.5 TR IR B EE VAR T .

2.4 RFIRIBEREMK

24.1 HALIAH eG4
QuEChERS Jyik# FRfbIEEA PSA. Cis. GCB,
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FAK, 55 QUEChER S- o A4 U €01 - #3515 026 00 7 AR A PP WE T

TR 5% B 3803

NaCl 47, Jo/k MgSO, Bi/K . HH PSA FEH T LA HL
IR, &JRET . R Kt | BEZRRANRITR; C s %
REi RS2 S EM It T4, GCB M2 | S et Em itk

195.1
4.2¢6

4.0e6 |
3.8¢6 |
3.6¢6 |
3.4e6 |
3.2¢6 |
3.0e6 |
2.8¢e6 |
2.6e6 |
2.4¢6 |
2.2e6 |
2.0e6 |
1.8¢6 [
1.6e6 [
1.4e6 |
1.2¢6 |
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8.0e5 |
6.0e5 |
4.0e5 |

2.0e5
0.0 113.2.

B BE/cps

166.0
123.8

TR o BEFEAN RIS AR AL IBORE A BRI ACR I, R BUAR )
BURHTCR 9 AL-N BIBRIECRILT Cis, FIEFIMIEXIRE
TR Z, AFTEEIA AL-N VERTEH S5 LR

435.1

2580
1482
12381160 1. 2523 . 1783 1085 2008 7159 239.9252'1&' 263.0 29412987 3213,327,2330.0 313 3711 3040 m1sg M,
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Fig.3 Chromatogram of product ion scan pyroxsulam

5.5e5

5.0e5

4.5e5

4.0e5

3.5e5

3.0e5

2.5e5

BB /cps

2.0e5

1.5e5

1.0e5

5.0e4

L1 1)

2.40

|IIi-.IJhIIIIlIIIILIIIIIIIIIL

00 IS IS N Y I Y I B |

JIJ_LJI
2.0

382

1.5
287

Wl OHE:0.1%H RK=5:5;2: ZH5:0.1%H BRK=FE; 3: ZN5:0.1%H iR7K=4:6; 4: FEE:0.1%H Bk =1,

2.5
477

3.0 35
572 668
m/z

5: HEE:0.1%H iR /K=5:5;

6: FEE:0.1%F fR7K=4:6,
Bl 4 0.1%MERIFH-T-Z0 . 0.1% BRI WS Y B f) R LU o e i e e 11 20 18 R A1 5 )
Fig.4 Effects of different proportion of 0.1% formic acid aqueous solution and acetonitrile, 0.1% formic acid aqueous solution and methanol
on separation of pyroxsulam
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PR AR R4 LB (PSA . Cis. AL-N. GCB) K FRK
FRU X W i A IR BT R . I MgSO, )5,
S 2 A AR 5 R R0, B GK MgSOy 1E R BR 7K
FR B[R] ) 0. 25 B XS T3 i 5] o DR TR LI 5.

il PSA Il AL-N HURLE, BEREE RS A WK, PSA A
5O RALE A, BIANRERTRABR =R, 4
2,4-D. 2 B 4 &/ (methylchloric acid, MCPA). 2 H 4 &N
fi% (methylopropionic acid, MCPP), 2 H 4 4T it (methyl
chlorobutyric acid, MCPB); [f]if PSA i Zms W fH7], wf
AR IR BT h AR e AR 2 G P . KA. B P+
V14T R 7% o AT I Sy W T 5 e B WO B 7] PSA R JE [T,
A RE R A . EURER T LGB AR 4 R s S A
FRER UL I S R, soEd SRR oS
i LT I 2R R (ML B YDIE R, I N O P, S, L
S E S EBEAASWAER, h e, BE Rk R b
AL-N W B2 L DSOS Y 3 2 A

it GCB LIRS, MICRIE 67%A 40, RB GCB
Xof W e A W B, GCB AR B 4 ) - T 45 # 1T 5 (8 %
RTINS, SR GCB 20 Fse - i 45 # i 4
IR ZER . VER R . LWEER . WEEIRNG . E T A
RERIE I 25% 7840 B2

C g FITGIK MgSO, Kol I Tt B e e 5 S 1 o

25 F TR, AR C g MK MgSO, 1E ik
R},

242 RIEF 6%

A2 8% AN SR BGA T 2 . BRILZIE . IE
Ot CRROBE. WA L ENR G BR. FC
SETER IR TS A AR AL, $RIUA WO AR & i, B
JE SR ALMERE, BB S, ABFSRFE LRI SR 1, DI/
FRIETT, AN . BILZHE(E 0.5% 08, v/v), BEE.

120
100
80
60
40
20

[N /%

IER . 2R LR VE AR BGAFIXHRIGHCR B 00 . iR
L 5,

M s AT, 20, BILZIE . 2R BRI EUE
), BRI IR BRI AR F/IMRIR N &
TR TR > BRICZNE > 0, RIS 25 A4k S A Ab B A% e 30
CRCTRILHERY Z, (AT E, 5558, EHER
b NEE RERBUA ]
25 ERMMN. g% nE SR

L5 IE H O B AR 0 43 B AR B T, R
Sy MTES R R M, X 28 TG S i AR Sy i T %00
(matrix effect, ME)?!, K& 00 1) 58 55 15 1 BIF 2 FE AR R
KH K, NELNENRZET S, 77 05 TN A
[Flo eAh, FEBALN 5 8ot A B (45 . Wk i 3
MR OG . SRR BT, SN PR AR 40 43 #r 2o A o 4 R 1Y
LR . TR L AL B vk A A S N B RO 7 A R
M 221 DR O A a0 S St R RS I AT A o T R A
ity 4% 13 5T UG e An o 2R, R AT 5 9k 0 2R A,
BEFRON BB g TR p=(EL BT VO T bR v il R i LR -
TR o R 2k 1) AR ) TR VR IR AL L Y| < 10%,
T BRI, 2z, WA B 5 A 3k 5T 1 o
o UM P FE 1.2.2 AR BEES FURE A, AR A PR
PEBUK, B 1 mL 2 (AR BOR, AARELET, 25
JIA 1T mL 0.5, 1, 2,5, 10, 20, 30, 40 ng/mL #r ik
CAEVE M, #4580 DU BC AR viE th 2R WA 1 mL
0.5.1.2.5,10. 20, 30, 40 ng/mL ¥R TAEVATR, 3k
PHERIPRAE MRV, 45 RILEE 2 AT, W R e AN
R AR S BE ST B TN B B, HESE R, H ok
Y L R B SN IR B T 100.9%; K5 A JRE S5 U 55 3
KRBT 62.7%. ST I, AWF R I 5T VG B A i il 26 o

Vel 5 AN I b B SIS IS 700 0o e Tl 2 J F) S U3 (n=4, BTk 2 0.02 mg/kg)
Fig.5 Extraction efficiencies of pyroxsulam in different treatment materials and extraction solvents
(n=4, the mass concentration was 0.02 mg/kg)
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2 EHERNZMSE. BERYE. RNEHEWEMERERE(N=6)
Table 2 Calibration curve, matrix effects, recoveries and relative standard deviations of pyroxsulam (n=6)
0.005 mg/kg 0.01 mg/kg 0.05 mg/kg
B 5 R s H RN /Yo
B /% RSD/%  F&E/%  RSD/% [ i 22/ % RSD/%
KRE  y=34705X-12373  0.996 46.1 112.3 1.5 110.2 5.1 104.7 3.7
K# Y=8870X+1207  0.998 —-62.7 98.6 2.4 102.6 3.1 99.8 1.7
KA y=47727X-13073  0.998 100.9 104.0 3.0 103.2 4.0 96.7 2.4
R r=36369X-2153  0.997 53.1 106.2 6.6 102.9 7.9 95.3 3.6
B Y=20776X+4353  0.999 -12.5 102.5 2.8 107.2 3.1 101.8 4.4
W Y=20963X-482  0.999 -11.7 102.7 3.0 102.5 1.1 99.5 3.0
14 Y=26577X-590  0.997 11.9 101.5 3.8 94.7 3.6 90.3 2.1
INEH Y=40197X-6194  0.999 69.2 112.1 6.8 109.3 4.8 100.8 4.2
NFE Y=38630X-9933  0.997 62.6 109.7 2.5 109.3 2.0 103.5 3.7
MEFE  y=27600X+7606  0.998 16.2 96.7 6.4 97.3 7.0 102.1 5.7
TR ¥=31354X-5304  0.998 32.0 107.3 6.4 107.0 5.4 105.7 6.9
2.6 @qi$& %‘:".’.1 fﬁ%’?gﬁ sheet of pyroxsulam [DB/OL]. https: //sitem. herts. ac. uk/aeru/

K122 H1 1259, MKRE., KFE. KKk, @R,
F.WIE. B ONER . NEL R FORFRSIE T
REBR R EALKGIN, SEE SN <3, HAS 7 ER B A AR SL R
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