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ABSTRACT: Objective To establish a method for the determination of residues of mepiquat chloride, fluensulfone
and its metabolite 3,4,4-trifluorobut-3-ene-1-sulfonic acid in plant-derived foods by liquid chromatography-tandem
mass spectrometry. Methods The samples were acidified, extracted with acetonitrile and the extract was purified by
dispersive solid-phase extraction. Detection and confirmation were performed by liquid chromatography-tandem
mass spectrometry, and quantification was carried out using matrix spiked calibration curves. Results The matrix
spiked calibration curves of all analytes showed good linearity in the range of 0.5-25.0 ng/mL, with correlation
coefficients r*=0.9917. For fluensulfone, the average recoveries at low, medium and high concentration levels in 11
kinds of matrices including citrus reticulata, spinach and soybean ranged from 84.0% to 114.2%, with relative
standard deviations of 2.7%—13.8%. For 3,4,4-trifluorobut-3-ene-1-sulfonic acid, the average recoveries at the same
concentration levels in 11 kinds of matrices including citrus reticulata and apple ranged from 84.6% to 116.4%, with
relative standard deviations of 1.7%-14.0%. For mepiquat chloride, the average recoveries at the corresponding
concentration levels in 11 kinds of matrices including citrus reticulata and apple ranged from 84.9% to 111.1%, with
relative standard deviations of 1.9%—12.2%. In wet samples such as fruits and vegetables, the method limit of detection
for all analytes was 0.004 mg/kg, and the limit of quantitation was 0.010 mg/kg. In dry samples such as soybean and rice,
the limit of detection for all analytes was 0.010 mg/kg, and the limit of quantitation was 0.025 mg/kg. Conclusion This
method is rapid, efficient and sensitive, and is suitable for the determination of residues of mepiquat chloride,
fluensulfone and its metabolite in plant-derived foods.

KEY WORDS: mepiquat chloride; fluensulfone; 3,4,4-trifluorobut-3-ene-1-sulfonic acid; liquid chromatography-
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At . T . oK. KORMR R BB WA K
R

IR TR = B RA R, M. JoKmR
BE . BEEREN . JOKBRFREN(taikal, £E Tedia A H]); HIR
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B g TKBRRENH0.25 g Cig+0.1 g GCB), M lENR
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0~1.0 min 45 5% B#H, 1.0~2.5 min F+Z 90% B #f, 2.5~4.9 min
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Table 1 Ion pair parameters for 3 kinds of compounds

E BEF(m2) FEF(m2) iRV EHEE/V
114.1 42.0* 65 110
R $45
114.1 70.1 46 110
292.0 89.0* 40 100
TR IGE HUBR,
292.0 59.0 46 100
189.0 80.9% -22 -30
BSA
189.0 79.9 -60 -30
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B4 89.0. 59.0. 39.1. 165.9 (M/z); BSA HIHFE 157 189
(M2), FETFH 809, 79.9. 168.9 (mVz), Hrr, Fmediin
FIFORSES BB 7 [MAH 0, HRE DL 1 FIEl 2, 96
wE BB BSA BEEF O [M-H 0, HEEE LA 3,
F AR FFEE ., s FRRaa. #ELS65E M
BRI R LA TR G I+ 0 1 100 36 385 W L B B 9 T
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Fig.3 Product ion scan mass spectrum of BSA
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Fig.6  Adsorption behavior of different packing materials for
pure standard solutions
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TR o 4351 FH I 7] ol 2 R0 35k o DG . 2 e 6 ] 15 3103 541
(N1 B iy U S gy A RSl L o el e it
VE BC bR VA TR AG NSRRIk 25 100%3875 . &53a03k 2 R,
ASTRIFE S AN [R1 50T B R 56 BT R00; £ AR ], UM URAE 11
Bl 55 BT b ¥y ok BB Ak L, RN N Y [ R
~35.2%~6.2%; BSA 7E 11 Rl 5 L35 4 2 T s 3l

N, LR R-0.8%~112.8%; HURSSTE 11 FhILfEFJLFH
SR BTN, T B H—-32.7%~1.0%. 5% FH I 7 i 48 1 it
15 Sy S I DU S e e W I B S
46.1%~115.1%, WL3% 3. RS RVC AL ih £ i, #5500 H
FE 11 FpEE A A 35 5T DTS MIBCRYE A 51.8%~104.2%,
L3 3. AW, 3 R H ARG WA o0 R i v 1) BBk
PRI, TGS R VA 791 1 2 10 S 56 7 DG T bl £ 5 i, Tl
REEFIGARESE 2 GB 5009.295—2023 (£ 5442 [
FAE AL EEREm ] ) AR . %4k AR
A3 FE ST B AR DR IR AR B T 32 55 05 8400 1 52 I A1,
A R 52 A i Fi Ak B R 5 ), 75 B R Y 5 s i 2%
FE T A R I TN AT Ak B S R A S A A DY
AR IF 5 36 455 SR 356 S50 s ph 208 SFe b 25 R A o

R2 TREERERERBE(%)
Table 2 Matrix effects of different sample matrices (%)

o _ SR
FRUE HUR BSA H IR §5
KA -23.9 112.8 0.2
FR -10.9 -0.8 -1.0
e -35.2 30.9 -32.7
e -7.8 29.0 -11.3
Ly 90 -24.1 39.6 212
ZY)IN -19.6 13.8 -19.1
F A 6.2 55.0 -6.1
[P -21.5 5.8 -3.9
PN -16.9 45.7 1.0
5P N -24.8 29.3 1.0
PAT/S 6.5 10.8 -16.4

#3 BUWBEXRRARFHLIERTEMZE BN EWER

Table 3 Recovery rates of each item quantified by solvent calibration curves and matrix-matched calibration curves

VA 3R i e o I T U6/ % FE PR UCAE h 2k 1 IR /%
B B 5 — —
FRUE HUR BSA R 55 FRUE HUR BSA H R 85
IRA 46.1 115.1 56.1 60.6 54.1 55.9
SR 69.8 84.7 52.1 78.4 85.4 52.7
W 61.9 90.0 70.1 95.6 68.7 104.2
gt 88.4 107.2 51.7 95.9 83.1 58.3
e 95 75.2 106.9 52.1 99.1 76.6 66.1
piy)\ 51.3 81.9 56.5 63.8 72.0 69.8
FAE 62.0 99.1 81.3 66.1 64.0 86.5
i 74.7 91.1 56.0 95.1 86.2 583
R 64.5 75.5 69.3 77.6 51.8 68.6
FoK 55.6 86.4 69.6 73.9 66.8 68.9
KK 72.0 68.2 57.4 77.0 61.6 68.6
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2.5 HRALMESERE

FRE AN . BSA i NRERARMEVA R PR (i - AR I
BT B e, 2 THEN, BRI AL, R
W, AR BR(SN=3)AKE 0.1 ng/mL, {HETESLPR
FE AT T, R B PR AR W R P A 19 ST T
i, DABRALPERG BEABIG . Ir AAS IR 45 A3 R0
A 3 7 9% DA T 2 R o B T [l oA SR o G AL
BSA FHHWREGI H A KSR . B80S AE i A Hh R38R
0.004 mg/kg, ERMRIH 0.010 mg/kg; ERT . KKET
FEdr By R BRI 0.01 mg/kg, EBBRIEN 0.025 mg/kg,
BERERA . SR KRGS 11 FIRE S S A TAG HH BR AN a2
TEPRIBRIGUE, 253 B K BRI BR AR AT H 09 £ 1§
¥ =3, &R InbRRE &I H R E R LY = 10, B2
FHOCHRMEZER . T HiZ o e IR T GB 2763—2021
T S AIGRR R

PEFRIRME | B3% . KES 11 FhE R T Inbr iR, 2
B 0. 4, 10, 20, 50, 100, 200 ng/g finkr, FHEE O,
10, 25. 50, 125, 250, 500 ng/g Jb%, ZeidAikb3 s
LA 0.50, 1.25, 2.50, 6.25, 12.50, 25.00 ng/mL KJ
ILThRAE TAEMER, SR EAE 11 Fh3Lm b ry 2t
KA FHF, 12=0.9910, WL 4. 2350 AR HE K5
TR LR LR AR DGR X A i th U T 7 B B A AT
LRARUT, TCIE R AR AT e B G B A R A ik e e
SR EFAK, HIREHE LA PR IEER
2.6 EWERMBEEZEE

AFFEBF LR E . EE . BN, B8 IR,
ML LEER . BN, BOK . JORFIR G AL 11 Fer SRR
PEA ks ENC SRR 2 BEiUES, IIARIRBEN 1 £i5. 2 f5A
10 IR, MEREKTFESE 6 k. 45 IR 5, Hk
HPFERA . SEREE 11 LT A2 Bl R o
84.0%~114.2%, RSDs }J 2.7%~13.8%; BSA TEIRA . SEH%
11 FE I P -3 NBCR TS 84.6%~116.4%, RSDs 4
1.7%~14.0%; FHWRESLEIRA SESRAE 11 R P 1 -3 1)
WeRJEFEH 84.9%~111.1%, RSDs M 1.9%~12.2%, Z5HE %
BB 6 SR AR P R S F RS L e AR R LA
YIFk BB E I AE
27 HAMHBEZEESEMER

Z:H8 ZUO UM H A H [A) A MR SE 0, B
Tt DA SRR L K 6 B ER, 4T 0.01,
0.10, 1.00 mg/kg(THEHN 0.025, 0.250, 2.500 mg/kg) 3 #
JEAKSE IR S256, Hordr 1.0 mg/kg F 2.5 mg/kg HINIFREE i
Sb P58 I T FERE R 10 A% o H RS 5 B2 DA TA] — R P 31 4230
PR (BRIR 3 ABAT)INbRRR & R ) RSDs R, H (A4S

PR LATESE 3 d(FE K 3FA 1) 2 indr At b [ 2R Y RSDs
FoR, HNEEMESLIAERINDE 6 iR, AR, #.
M R IR TR IS 82.6%~119.1%, H P AS %5
WA 1.1%~10.6%, H B FE 2 WS 45 - an sk 7 s, N
[ RIS L A = MRS b [l U 8 Rl 83.7%~111.5%,
H S 25 Y0 N 1.6%~17.2%. H Y. H IS S5
[T Ar 2K 28 B 293 2 GB 5009.295—2023 B %R, #E—4
WEBR T A58 19 B 2 M R e Tk R AT
F4 SMTEEMEXRER

Table 4 Linearity range and correlation coefficient

Feah2fr  BHARK KPR MXRH()
FERDL  Y=20013.2X+3049.6 0.9989
KA BSA Y=24197.28X-7319.5 0.9986
IR  Y=17706.16X+8705.3 0.9921
FAMERTL  Y=27850.96X-2508.8 0.9998
Eais BSA Y=35758.8X-4983.4 0.9996
FORES  Y=14178.48X+2079.9 0.9986
FREERI  Y=10004.48X-1163.4 0.9990
fi B BSA Y=11399.92X-3562.2 0.9981
RS  Y=16000X+18768.0 0.9977
FUEA  Y=10127.83X-2915.0 0.9917
L BSA Y=15798.07X-5256.2 0.9981
HURSS  Y=25578.43X+3460.8 0.9998
FBEHI  Y=8004.47X+276.2 0.9957
9 BSA Y=19208.94X-7886.0 0.9924
HURES  Y=27086.71X+2784.4 0.9958
FEH  Y=21274.96X-1349.2 0.9940
)N BSA Y=16514.8X-5787.4 0.9987
FURES  Y=20660.08X+2819.7 0.9984
FUEHR  Y=21827.04X+1235.2 0.9910
A BSA Y=19856.16X-2692.3 0.9994
URES  Y=22737.04X+15503.0 0.9951
FUEA  Y=27110.96X-2359.2 0.9979
i BSA Y=37919.12X-5241.6 0.9998
HORES  Y=14810%+2777.1 0.9964
FEH  Y=10821.58X-438.5 0.9987
pNSA BSA Y=12103.44X-8652.0 0.9974
URES  Y=15597.74X+12297.1 0.9970
FRMERAN  Y=21131.42%-41323 0.9998
Fok BSA Y=36726.96X-5519.4 0.9999
FORES  Y=15841.4X+12236.4 0.9995
FVEITL  Y=10386.16X-855.7 0.9988
NS BSA Y=8708.28X-1472.2 0.9985
FURES  Y=15495.74X+2485.0 0.9986
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Table S Average spike recovery and precision for different samples
. FUE LA/ % BSA/% R $6/%
FE 2R TbR R/ (mg/kg)
EEES RSDs HEES RSDs &S RSDs
0.01 84.0 6.2 112.3 5.8 91.9 4.1
IRA 0.02 93.7 13.8 109.3 6.5 100.6 9.0
0.10 109.0 9.9 110.0 5.6 111.1 2.9
0.01 97.4 8.0 103.3 3.4 99.8 7.3
FR 0.02 102.3 3.6 100.4 3.0 98.4 8.1
0.10 100.8 3.8 98.3 2.5 97.0 6.1
0.01 103.1 12.8 101.4 12.1 95.2 7.4
i 0.02 97.4 73 96.2 7.7 90.9 9.9
0.10 91.8 9.2 96.8 6.0 97.6 9.4
0.01 99.6 8.9 106.9 4.1 104.7 45
e 0.02 95.3 6.0 96.2 3.7 98.0 3.5
0.10 99.8 6.3 107.2 2.1 108.5 3.9
0.025 88.2 8.5 94.5 32 88.8 22
ETZE 95 0.050 97.4 6.7 84.6 4.0 94.1 3.8
0.250 112.9 5.6 89.7 4.4 108.1 1.9
0.01 103.0 10.0 102.8 5.5 100.6 11.0
# K 0.02 98.0 8.6 93.9 4.6 109.6 5.9
0.10 106.9 9.8 89.9 1.7 103.6 7.9
0.01 104.7 9.6 98.0 10.1 108.2 7.5
Fe it 0.02 107.3 8.0 101.4 10.5 96.6 4.8
0.10 114.2 7.3 98.5 6.3 98.9 2.9
0.01 92.4 5.4 96.8 23 98.8 8.6
fillse 0.02 92.0 2.7 90.9 2.2 102.4 9.1
0.10 91.2 33 93.4 1.9 103.6 3.2
0.025 85.7 8.2 116.4 3.8 84.9 12.2
PN 0.050 102.6 8.7 105.9 7.9 102.3 8.6
0.250 107.6 5.5 101.1 5.6 100.0 5.7
0.01 97.1 4.9 100.1 9.3 92.7 10.3
FoK 0.02 103.5 42 102.1 6.1 100.6 3.1
0.10 95.4 3.0 100.1 2.8 101.3 3.4
0.025 92.0 11.6 105.6 14.0 96.9 8.6
KK 0.050 100.4 10.0 101.5 9.7 99.7 3.6
0.250 96.8 6.3 104.7 4.2 98.3 5.6

e A BRI 22 (relative standard deviation, RSD),

R 75 A X B

e 8 Fiom, W ABISE Jr i 5 Sk ik i A T3t . AL
Sl I H 3 R E R RS A, AR R E A
FPIFISE A2, KRR SRR S TR &,
T FHYG R A A, SRR L ATAR IRy I,
Z A SCHR O sk U 5 oR F s ¥ O B T R
QuEChERS FiAb# 7k, (Al F i A IsDR A2 1 L Lk
RIo Horh, ZUO T8 J5 100 FH 2 BERR KA 1 1154k,
YEE . KFA YN EBRSCRELr, BXNEILR. &

2.8

R AN U G O LA G AR I W T A | e
SFROI Tk RO R BSA A W S B
PSA HURL, FUE T FAHEE RE ST SIS A
S Crs BB, B0 TR A SR R R SR A B Eh % o
By BAESE I TR AR ESCR A . MIABISESE Cs
I GCB AF i AL SECRH R CRIIE T HARYI Y DI, S
BRI R S BT EERCR . DL ESSREN], ABT
FERRATE . ARG L G R REER
T B AL S PR A oK
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*6 HWMBMBERFHEWRHAREEE(N=6)

Table 6 Intra-day average recovery rates and intra-day precision of each item (n=6)

FAE SRR [ W /% BSA B /% HH R 55 [T /%
FE il 245 Jnbr 2 /(mg/kg)
FHME RSDs FHME RSDs FHIME RSDs
0.01 102.5 5.1 86.5 4.0 100.6 6.6
R 0.10 92.7 9.1 102.4 2.0 97.5 2.8
1.00 93.3 7.0 102.8 3.0 95.4 1.8
0.01 114.6 4.1 96.6 4.0 82.6 7.6
il 0.10 103.4 3.6 97.0 3.0 89.2 1.8
1.00 100.1 9.7 99.1 2.6 90.2 2.4
0.025 102.2 6.6 100.6 25 95.4 3.8
RN 0.250 86.3 4.6 106.8 2.4 88.9 2.4
2.500 90.0 25 107.5 1.5 90.0 4.0
0.01 105.7 5.0 89.4 5.3 113.5 5.3
PR 0.10 101.4 72 102.2 24 100.0 1.1
1.00 102.6 8.3 102.3 4.3 100.0 1.8
0.01 107.6 8.8 87.2 4.0 88.1 10.6
+5= 0.10 97.4 8.6 99.4 2.0 83.4 22
1.00 100.0 6.1 97.6 22 83.6 2.7
0.01 119.1 2.8 93.6 7.7 104.4 6.9
EP N 0.10 98.1 8.2 98.6 6.2 91.1 3.9
1.00 102.7 4.9 107.9 4.1 100.8 4.5

*7 HWEMRBEFEHEW RN B EEEEN=12)

Table 7 Inter-day average recovery rates and inter-day precision of each item (n=12)

FaCE AR [T i /% BSA FIH/% FH R 85 TR /%
R AR JinfrE/(mg/kg)
P RSDs FEE RSDs FEE RSDs
0.01 103.3 6.7 84.9 3.8 101.0 4.7
2 0.10 93.0 6.9 101.3 22 98.0 2.8
1.00 92.3 5.5 102.9 4.4 96.2 2.6
0.01 111.5 5.6 94.4 7.4 85.6 6.8
Tt 0.10 101.1 7.4 98.1 2.7 89.2 1.9
1.00 101.3 7.4 100.7 2.9 91.1 26
0.025 104.5 6.6 96.1 6.0 97.2 4.4
L 0.250 85.5 3.7 103.1 43 89.0 35
2.50 88.9 3.7 105.5 42 90.1 3.1
0.01 104.1 5.0 90.1 5.6 110.4 9.0
R 0.10 101.7 5.5 100.5 2.6 100.2 1.6
1.00 103.2 9.1 101.8 3.3 99.6 1.6
0.01 102.5 9.9 89.3 6.5 88.5 17.2
+5 0.10 94.4 9.5 99.5 2.7 83.7 2.5
1.00 97.8 7.5 98.1 2.9 83.8 2.6
0.01 105.9 15.2 94.4 6.4 106.4 6.2
Tk 0.10 96.0 6.9 98.9 4.6 923 6.2

1.00 100.6 5.6 106.4 4.9 101.9 3.4
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Table 8 Comparison between the proposed method and the methods reported in the literature

Sk ik e S R I WAL R R/
(mg/kg)
Simultaneous determination of the nematicide e R R O
fluensulfone and its two major metabolites in soils .y - N
by ultra-high performance liquid ﬁ“%(BSA il % QuEChERS(gﬁfﬁi)’%iﬂ*ﬁ) 0.005
chromatography-tandem mass spectrometry!”! TSA)
T r Y6 1 P DR E45 5% B2 1) HPLC/MS/MS ¥ " "
Ko % FE £ B AR 0 JRe g . R 54 iy e QuEChERS (PSA+GCB) 0.01
QuPPe- = AR (335~ HR B B R o 3 FhiR =5 ) , S ARAE U K PXA
) WK 5 E-S ¥ .
b T R R PR RS R H it 0.01
B T A A T - R B SRR IR A I BE S 23 23 RlE AR K . 1% R ISR, FhbT ) 001
Pkt A 3 5 ERTE T HERE (R 1E)
Determination of mepiquat chloride in cotton IR 8 AR IENE Y- IR e e W AR I 0.05~0.1
crops and soil and its dissipation rates'! - (FLFERBR AR ) Kk et
A £ U O ) ﬁ%igﬁmt Wik AR AARAOK A B 0.01
. . SUE L AR R LA
B A R A SR ﬁ;;ﬂi‘“ - RS (S Asic -
UPLC-MS/MS J5 20 : o Qu ( ) :
TSA. MeS)
TR RO T - FR I T I E B v 28 B 28 RlEIAE K "
I TE — Rifi QuEChERS (Cis) 0.00068
IS PR
URsS . fmmed  EIK, SERE K
A5 ML A R AR QuEChERS (Cs+GCB) 0.004~0.01
(BSA) T, Tk, K
P SN

29 FHAERA

SERRFE ARG ZE AN 9 PR, 118 HERE fh ¥ KA
SRS U & RIS BSA, A 10 HEREE . 2 T 1
HEBHE N o1 AEEESE L 1 HET SRR 1 HETE A A R

5, KA EYEEN 0.010~0.098 mg/kg, %459 B
W AR K AT A A AR R P R A R B RUE: IR
FH R 86 4775 — 58 5% B XU, (HLA% B3 B ¥ S Ik a5 K A% B8

R

=

F*9 LIrERENER
Table 9 Detection results of actual samples

gl

iRl

JAVE (7 BSA)

i% Sk EEH G iR NER Kotz
s 3 R BE. B k. BB N 2R THEID b 1R Fy ko th
(0.016~0.025 mg/kg)
5 o5 > -
i T34 (43 %tt)\a:H’fmi;%*fﬁf\ R, & 10 HLHH34(0.012~0.098 mg/kg) PR A
. F =¥
R 13 THMR . G 2 PHETHUA0.055 me/ke) . 1 ¥ Fy A
(0.010 mg/kg)

Py 10 Tk, kT ok Fy ke Hykath

3 & VE L RAC. AR, TS AR b RS . AR

AHBIFGT ST T YRR €T - AR I T v DU R R
s HH P IR 843 70 S0 U S AR I 3 B ARG T . T
J715% Fl QuEChERS RALBEEXT 44 . Bk . AR B
BE MO TS . HORHRNMAR L 7 S M T AL B,
SR F B ST im0t 485 BEUEA TR o o, IO IR R AL PR

e S A M 5k B i
SE Mk
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