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& OE. HRAL T IR 3 PR AR R R B L I G R R = e R ) B B B QUEChERS/H B4
AR 3 - B BB (UPLC-MS/MS) i . FEShES 1% QIR ORISR IS, R QuEChERS b, i bilife
0. 1% W /KSR S AR 2 T4 ACQUITY UPLC®HSS T3(2. 1 mmx100 mm, 1.8 wm) {4 RSB EE VN
I, SRAMBESE B TR S (ESD , IE& TR, £ ROV (MRM) Jr 20 7 e , BEDCRC /MR E &
Z5REH, 3B HTITE 0. 5~100 ng/mL T SRR BEJE I N 2k I, AHOGREL (P BIRT0.996; 3 FHERE N
K HYBR 35547 0. 005 me/kg, HoH s B | 05 GEUBE SR 0 E = FBR R 0. 01 mg/kg, ZWREEERLRE N E B TR A
0.02 mgrkg; XM Fy 81. 3%~107%, AHAFRHERZZ(RSD) 4 0. 64%~6. 0%, W 1% 7 EETE LB HLAS FE
PRk 2 R B B PR R R R4 51287 0. 057, 0. 15 mg/kg) , FERHI% T 10 TS ARG P Fodk 3 Fhls 2
BRI

XHEIE: UPLC-MS/MS; M, WERBERING; =MBERIG; QuEChERS; MHAT

FESES: 0657.7; TS207.3 XHERFRIRAS: A XEHS: 1004-4957(2026)01-0170-07

Determination of Pethoxamid, Pyrimisulfan and Ipfencarbazone in
Grains by Ultra Performance Liquid Chromatography—Tandem
Mass Spectrometry
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Abstract: A method was proposed for determination of 3 novel herbicides (pethoxamid, pyrimisul-
fan, ipfencarbazone) residues in grains by ultra performance liquid chromatography—tandem mass
spectrometry (UPLC-MS/MS) in combination with QuEChERS pretreatment technology. Samples
were extracted with 1% acetic acid in acetonitrile, cleaned up by developed QUEChERS method. The
extracts were chromatographically separated using a Waters ACQUITY UPLC®HSS T3 chromato-
eraphic column (2. 1 mmx100 mm, 1.8 wm) and a gradient elution was carried out using acetoni-
trile—0. 1% formic acid in water. Confirmation was achieved using electrospray ionization (ESI) in pos-
itive mode with multiple reaction monitoring (MRM) and quantification by matrix-matched external
standard method. The results showed that 3 analytes had good linearity in the concentration ranges of
0.5-100 ng/mL, with correlation coefficient more than 0. 996. The limits of detection (LODs) of 3
herbicides were 0. 005 mg/kg. The limits of quantitation (LOQs) for pethoxamid and pyrimisulfan
were 0.01 mg/kg, and the LOQ of ipfencarbazone was 0. 02 mg/kg. The recoveries ranged from
81.3%-107%, with relative standard deviations(RSDs) between 0. 64%—6. 0%. The method success-
fully identified pethoxamid residues at contents of 0. 057 mg/kg and 0. 15 mg/kg in two distinct grain

sample batches, further validating its efficacy for detecting pethoxamid, pyrimisulfan, and ipfencar-
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bazone in grain samples.
Key words: UPLC-MS/MS; pethoxamid; pyrimisulfan; ipfencarbazone; QuEChERS; grains

FEEAOW K, BREFIZERAELM A= i S, [RGB XL S
BRe R B TR BT PE S R, BTBR BRI RS AL, TR R R R SR 2 R AR 2R 43 iR
VIAEAR e B 38R b, SRR G TEVEY BORIAE . AP UM TN 3 2 o JE v & b B & iR 3
ANPEW, WTRESE NI MWAE RS . BRGNS RS, 51k MR

AR, —SeR IR R A 2 CAEE Ab Ei  , A  |  U R — ATBE E
GRS LIRS . ARBE T 2 A =R 2R BR R, AR AR | PR R A R BAT R
YER, TTRZAHTER. K2, K., SRESYMEY, BRI TR0 BREFECR B XHEY & %
A HINZERRE R e 2R B A 200, B i3 2 A D 2R R 3 i BB R iy R A
T AREESR i H AR SR R K e R R R = A P e ) B A AN A 0. 05 mg/kgs 3 I BSR4
BHEK ., KE. KoKk, W& AREFE S R PR S A 0. 01me/kg; BRERZLRER . KEE
B R A BR AT 0. 01 mg/kg MFE H ATANT Eid 3 AR w0 e & i O PR 20 2
K, WA SR IN 7 i S bR, B, g ar — P AR R B R Ak B R ik B R )
SLHMA

R385 4 43 BT 7 v 32 AT T SO R 46 3 1 (HPLC) ) . SIS E (GC) Y | St - it i
(GC-MS)"™™ | A - HR BT 1 (GC-MS/MS) " Rl i A8 i A €0 1l — H B 17 (HPLC-MS/MS ) >
% AW S% 3£ AOAC 2007. 01 QUEChERS J7ik"™", WHEEGIRG AR T S5k, 4558
i R A e R 1) B P A 6 % — B TS (UPLC-MS/MS) , A7 T —FE o . e
FEUF . R ) TR R R | e SR PR — WA R R R ) E P E A BT T i

1 SIGERSY

1.1 EE5IKH

Waters UPLC I Class TQ-XS ZY# j5 8 B AH £0, 1% — 5 BB A (32 18] Waters 2y 7] ) 3 HC-2016R 474 %
S0P E RN LA R]) 5 TAITEC SR-1 8 sk SR 4% ( H A TAITEC A 7)) 5 Rephile Genie G10
HRATK RS FHERPEDIRIA R AT ;. AB-204N B 74307 KoF (S 8 —ERI 228 7)) .

HEE, . Q. CRsk . BB (aika, VPERHER AR A s HKBREREE (riral) . &
RN (o rat) . /b b st S RERC (C, B 40~60 pm) . & HE-N-PRFEREREALEENZ (PSA, K
. 40~60 pm) . Fi BB (GCB, Rife: 40~120 um) (GG RHEAR A ) s A HUEFLIER
(0.22 pm, WFLTESHRLAT),

PR (10 mg, CAS: 106700-29-2, 4P 99.6%); MEFEEFLME (10 mg, CAS: 221205-
90-9, ZfiFF99.9%) . =M ERZ(10 mg, CAS: 212201-70-2, 4EBF99.6%), VL LhrifEd Ty )|
VG SR R AT BR 23 7]

1.2 fRER R E H

PRUERE B (1 000 mg/L) = 43 i EBABR UG SR . 0 e o e R = sk S B b i 10 mg RSB 2
0.1 mg) T 10 mLZFEHEH, MG HEMIFE R B2, IRGIRS), EH 1 000 mg/L AFRiEfE &
W, —18 CHLLUF &R, AROH 14,

TRAPRIENE B (100 mg/L) « HEBRNLEUR B | o Sl B e = IR Ik S b o it #5972 (1 000 mg/L)
F1mL T 10 mLAE SIS, HOBEERZZE, IRHIRE), -18 CRULUT &R 7E, A6
MH.

TRAPREA T (10 mg/L) : HETILE 1 mLIBAbRfERE & (100 mg/L) T 10 mLA S, HMEE
REZE, RFHIRA], —18 ChULF&IERDGHAE, A%M3ANH,

1.3 KHENFHE
AL SHBEHLIURE 500 g, AR BFHLG IR G it 425 wm FRIERITE, JRONZEEAE T

N
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1.4 HMETAIE

HETRFRELS ¢ IXAE CRER 2 0. 01 ¢) T 50 mLEELELLE H, N 10 mL/AKIRHIRS), #E 30 min,
AN 15 mL Z1R - C G (EFREG 1 2 99) B2 1 BT, FBIZUPRY 2 min, MING6 g JL/AKGRIREE. 1.5¢
RN, JZ9R 1 min J5, 6000 r/min &0 5 min, & 8RR 2 AL E b (B2 TR BOR 3 H
150 mg Ji7K MgSO,. 50 mg C, F150 mg PSA), #JiEdk% 2 min, 6 000 r/min .00 5 min, WEH_EiH WS
0. 22 pm fFLUSHRE, 7).
1.5 SWEHE
1.5.1 B@iELHE  ACQUITY UPLC® HSS T3 fAiEAE (2. 1 mmx100 mm, 1.8 pm); fEid: 40 °C; #EFE
i 1 ple JREIAH: AREAO0. 1% FIRRKEW, BHACHE, W 0.30 mL/min. BEEVENIFEF: 0~
0.5 min, 50% B; 0.5~4.0 min, 50%~80% B; 4.0~5.0 min, 80% B; 5.0~5.5 min, 80%~50% B; 5.5~
7.0 min, 50% B,
1.5.2 Bk &6 WBIZEE FIEESD; ESTH; 20V N (MRM) R, BB HE3. 0kV;
FHEFRI A 800 L/h; FIAEFISULEE 550 C; FALSES0.7 MPa; HAMFTIESHWAEL 1,

1 IFOBRE R LR BT S

Table 1~ Compound names and MS parameters of 3 herbicides

No. Compound Retention time/min Parent ion(m/z) Product ion(m/z) Cone voltage/V CE/eV
1 Pethoxamid 3. 60 296. 39 131. 14", 250.22 28 22, 12
2 Pyrimisulfan 2. 60 420. 37 370.197, 255.22 22 18, 26
3 Ipfencarbazone 4.15 427.29, 429.35 198. 18", 198.18 20 12, 12

* quantitative ion
1.6 HIELIE
& H Masslynx V4. 2 8044 (Waters 2 &) #E47 € 14 € 25081, WPS Office #4754 /047, OriginPro
0 AT RE AR

2 HR5IE
.
2.1 BEEEEGHMRL Pyrimisulfan
2.1.1 BIEFEMEE BE T ANWEACQUITY 2
UPLC® HSS T3 {455 (2. 1 mmx100 mm, 1.8 pm) by 2
SR E) | SYEIIE . WETE R R SRS . SRR
3FPERELFRISREE I i AE LS se i, Hob R Ifencabnsone
)L, ma R, TR REL(ULIE 1) . Kk, HSS T3 {4 {A
PEAERP TR AT IO TR L 0 i T T T T ; ]
2.1.2 mEhErMm  ATHCHEBCH 50 ng/mL bR Time/min
W, WE 33NPT, U IENM, 2t B 3FEREHIAEACQUITY UPLC® HSS T3 (il |
K. ZBE-0 196 WK Z -2 mmol L NHAe h%mﬁwﬁ _—
(0. 19 )3 AL MBI e, 2 T bt of e it o

WL ML T 2K, fEHCIE-0. 19% W IRKE R
KA A, BT I VETE S B HUE T AR B R i LM -0. 19% H R KI5 £ 5 -2 mmol/L NH,Ac
(0. 1% B VE A sty , e AT eIt i i AR L 25 AR, S A se il | PR AR,
AR5 B 25 -0. 1% F R K WV AT 2h A o

PLZNE-0. 19% B IR /KR TR EN A, 7R3 0. 3 mL/min, FLES 78R EEVEMGFI S5 BE e R 5, S5 ke
BTSN AH LB R 285 ¢ 0. 1% B R /KR (50 : 50), %5 oMtk g ssens HLi S 4R, =wh
MR ETEAS 22 TSR “1.5. 17 FoRmBhBEBEIE SRS, AT AT AR B Bk LI 5 iy, ik
EPERR RN
2.2 FEEHMMRK

W SR B | R N SR Y A S R S, B SRR TSR IE AT, BUR
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FESLIE &5 FARHEA T 08T o 40 5145 200 ng/mlL P JURE SR | SR Jie R = e G e e b o T AR oh il B
FEVERE, SRIG T AI S 2%, 1% HFRYIAE MST Scan B3 F X400 M+1 55 7%, Hob, =k
Pk 2 ) J AR 18 0 m/z 42729 5 HUGE T F R 26 0 0 A0 25 105 m/z 429. 35 7E MS1 Scan fiX T 1)
AEGRI N, WOEEEm/z 427. 29 Flm/z 429. 35V BESE -, TEF B FHIEET, B8FER S m/2
427.29/198. 18 Flm/z 429. 35/198. 18VE N FEF. o FIHIXES H otk shgext b S Wi ihab, e
SR HEFL R SRR RE . SRS S “1.5.27 iR, BB TS, W% MRM
fE R UL 2,

201

8 21
296.39/131.14 420.37/370.19 427.29/198.18
N ol Pethoxamid = 6 Pyrimisulfan ¢ Ipfencarbazone
= = ®
z 7 4 Z 17
g £ g
£ s i, z
0 0 0
T T T T T T 1 T T T T T T 1 T T T T T T 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Time/min Time/min Time/min
104
296.39/250.22 64 420.37/255.22 ?2{93?/1}:}‘8‘]8
s Pethoxamid 'y Pyrimisulfan o 104 pfencarbazone
5 54 5
: : £ s
E E 29 E
0 0 0
T T T T T T 1 T T T T T T 1 T T T T T T 1
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Time/min Time/min Time/min

E2 3FhEREFITRE AR (5. 0 ng/mL) Y MRM [
Fig.2  MRM chromatograms of mixture standard of three herbicides (5. 0 ng/ml.)

2.3 REUAFIHIERE

FRAT s BRI B A 5 SR BUARIA I . CBRER . (TRfk) s . WEESE, T4 LM
T GORRAY, REB/TRAEHE/KEIR, IBCERBANGCRCR , BB PR F N & KR
PIRIT AR B AR 32 B, PO AR o] DR 2 B Bk 3 Rl P20 dr iy, (B HOKIE PR s, AR
HREFRRIKSTE, RIAEN; CIROERS/KERS BE, Br&Ee, HHEIENEKEF b5
PR B bR HIRBOR P SIS 8%, o Ja 2 Absor, BEmdAE H

WEE T MG 1% ST - S HE VS WA H B R PR BOA IR . 255 R, H R BORES A iE
BEVURHCR R, CHE 1% L18 - RN 43 B 8CRECIF, ReEd e oK 5824 5, $RIL
WOERL, |ATRUUERCRELF, AR TG, 3R e Ttk ke 549, &R
PERR P R AR T o i i3 LS 85 14k 5 [l iy 225 347 b5 i GB 23200. 121-20217 F1 GB
23200. 113-2018™ WL HU 1%, ARSLIR RS 19% 1 LR - L HETE MR BUA .
2.4 HUFXHBIEEF

WEFRE L, ESFEENEAT. BB, 8. BRSNS, FEREEREONE 2, Tkl
FRHE S BEA T, DL GRS 0 5 2% 1800 W BR B A o0 AT P2 AR 52 . 2275 36 ] AOAC 2007. 0177l
GB 23200. 121-2021 b5 7, *HEbAT L C. PSAFIGCB JHE T4 . Horbr €, 35 BRI JRAR
ILAEEY), RENSE RARTEAL A PSA 2 T & FHEAGER . BERFI /> A2 5% GCBRESA
SR 90% LA b a3 | SR AIZE S i, (H LR, — S p Y oA S el . SR a4
As gy, T HEFHEBUK P AE C R0, 20, 30, 40, 50, 60, 70 mg) . AS[E PSA H & (0,
20, 30, 40, 50. 60, 70 mg) A GCBHE (0, 1. 2. 3. 4. 5. 6 mg) X HFrL S W ICR K
Wi, ZESOLIE 3, Mk C & 50 mg, PSA & 50 mg, GCB 0 mgh, IR iy,
V] 880 2 1 T TRV ZEL ok B M A B 22 FHRBGR HP IIN €, (50 mg) FH PSA (50 mg)
2.5 FEZFIEN
2.5.1 ERMN MAEHMEAN. WX BB NIEMET Y B mr A b 5N EL 2 i
SRR H bR AT B Ak, s BT SR, TR IR S RN (M) . AR
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FURH AR (ROR L SR oKk, RE. AN WMIRBURAE IO, 3 #IECH 3 Fh oA

IR FORRUETATI, ST P Ao L I B 28 2 15 75 Aol 28 28 L (B 00 7 0 0 B
PR AT ME<%>=<% )x100%.

Hot MR BEOSRE, S, B ThRIERN 2R s SO FIRIE N ZERER

0 M, < OB FEAETE RN, , M, > O B FEAERE TG smALIY 5 4 IM 1<20% B, AE45355 ) FE T
5 4 20%<IM I<50% R, AEAEH SR TUUNE ; HIM 1> 50% , AFAESRIE UG " o SR, 3T
BRELFI) M, h—45. 3%~66. 9%, FEFUSONV BN . B, Sh 7 RIER RN 6 43 b gt R, Al 2
F S TPC FCARIfE Hh 27 5 B0 o

Cyy —#-Pethoxamid 1200 psa —a— Pethoxamid GCB —#- Pethoxamid
1207 ! —-Pyrimisulfan —— Pyrimisulfan 1104 —o— Pyrimisulfan
—&Ipfencarbhazone —— Ipfencarbazone —&—Ipfencarbazone
110
100 1004
ES = =
: g £
= < 4 [ 4
s £ 100 : 90
= = =
80+
60+ 907
704
40 T T T T T T T T 1 80 T T T T T T T T 1 T T T T T T T 1
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80 0 1 2 3 4 5 6 7

mg/mL mg/mL

mg/mL
3 C,. PSAFIGCB H X I 5200

Fig. 3 Effects of the addition amount of C,;, PSA, and GCB on the recoveries
2.5.2 SMEERREE BUE SN . RS R =B R A PRI, Ok
R Bk, KO, ESEFESEEFURESH0.5. 1.0, 2.0, 5.0, 20.0, 50.0., 100 ng/mL K Z%
SERVCHCAR WL, LI Tt B iRk B AR, WIS, AT 5T, 252,
3FPIIHTPIAE 0. 5~100 ng/mL TS BEVE Bl N etk R AF, AHOR REL ()R T 0.996 0, >R FFRHEE RN
Nik, EZAESPIRIE PRy FOE TE , DUE 5 T EM L S/IN=3 XN iR A T ik B
(LOD), S/N=10 %} R R 7k & TR (LOQ) , 1531 3 FhBRFFIAEMAT %) LOD ¥4 0. 005 mg/kg;
A PRI . WS ELIZE LOQ 4 0. 01 me/kg, =MABEEIZAY LOQ 40. 02 my/kg( W 2),
2 3PMEAYIRIARED TR PETE RIS R %K

Table 2 Linear equations, linear range and correlation coefficients of 3 compounds
Sample Compound Linear equation Linear range /(ng*mL™") Correlation coefficient(r)
Rice Pethoxamid y=84261. 3x+15 008 0.5~100 0.996 8
Pyrimisulfan ¥=50 647. 9x+1 498. 18 0.5~100 0.999 4
Ipfencarbazone y=14 384. 9x+265. 942 0.5~100 0.998 6
Sorghum Pethoxamid ¥=58 003. 4x—563. 88 0.5~100 0.998 5
Pyrimisulfan ¥=75533. 1x-10 878. 5 0.5~100 0.9979
Ipfencarbazone y=7 984. 9x+98. 862 0.5~100 0.996 8
Corn Pethoxamid y=72 623. 1x+44 811 0.5~100 0.998 6
Pyrimisulfan y=55 498. 5x+3 326.77 0. 5~100 0.999 3
Ipfencarbazone ¥=15 539. 4x+353. 029 0.5~100 0.998 4
Soybean Pethoxamid y=46 510. 9x+3 913. 19 0.5~100 0.999 7
Pyrimisulfan y=33 546. 9x+1 874. 65 0.5~100 0.999 8
Ipfencarbazone y=7233. 38x+515. 145 0.5~100 0.999 5
Wheat Pethoxamid y=46 833. 4x+3 776. 82 0.5~100 0.9990
Pyrimisulfan ¥=33 171. 1x+279. 344 0.5~100 0.999 6
Ipfencarbazone y=7223. 83x-237. 235 0. 5~100 0.998 6
2.5.3 EMESHEEE IOk, mR. K. RE. DZESHPATERGH /IR LOQ. 2 LOQ

10 LOQ 3AEMIKF-, ~PATNIE 6 YA TR SLE . H AR M e 4 81. 3%~107%,  FHATHR
AR 2 (RSD) 4 0. 64%~6. 0%, 315 2 [l 2 b ifiE GB/T 274042008 52 5 5 it 2 #2 1h MLYE & n BRAL A,
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)20 S50 % E AT IR ISR T R RO 8 B B R, M%7 1 A R B ) v B SRR S
2.6 SEBREmMGI

R P J5 B R E LR A SO MURAS FR i CR L, FoKk . B, Kok AN S ) i 17 3 5b
HIPR R AN E . 48R TR, P 2y RGP R IR, 805000, 057, 0. 15 mg/kg,
P 4 A BHPERE S S B I

127

Positive sample 1 Pethoxamid 45 Positive sample 2 Pethoxamid
3.64 296.39/131.14 - 3.64 296.39/131.14
9
5 S 30-
5 5
Z 67 g
< o
= E
1.5+
3
0 0 L
T T T T T T T T
1 3 5 7 1 3 5 7
Time/min Time/min
4 BHYERE S B SEIRE -Ji &
Fig. 4 EIC chromatograms of positive samples
LV
3 &

AR T —Fh QuEChERS Bij b P AR5 A UPLC-MS/MS I 5 FEAS vhobs B . 5 Rt B el =
WA R i 3 P B R RBR B () e AT U7 i o BT IR SR IAIE , 1% VR I R B RORE 2 B R 2 Bk R o)
BrEioR, SCRIVESR, 36 HH TR o e | s G o e AR — e Tk R e B R I, Rl 2T
FPRBEE SR e R AR S
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