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I kAR BET LA 2 RRRY HEE FARH hRF "
(I WERT IR T2, T 315100; 2. FUHALEREDIIER, U 315040)

W OE: B e SO G - BB B RS 7% (ultra performance liquid chromatography-tandem mass
spectrometry, UPLC-MS/MS) il 5E A 47 H Sk i BENE RO 0 M7 vk o Fadk FESCRA B IREL, #EE Acquity
UPLC BEH Ci5 (2.1 mmx100 mm, 1.7 pm) &35 AT 00 0 BB HEA T3 85, LA 0.1% 1 R - £ IR A o T s AR #EA T4
FEVRIBE, s FH R 55 1 55 H B R A T Al WA, R R o DU A1 1k X 9B Mo T T e R 7 7 20 A . 3R
i &R 50 mg 2 —J&-N-TA B A ke fb ik it (ethylenediamine-N-propylsilane, PSA)FI 300 mg JC/K i B2 B B 14k
R IR o T A R M AE ARG 4 SR P AR [BLSCR Ry 89.1%~105.5%, AHXT AR 1HE R 25 (relative standard deviation,
RSD)<<1.18%. 8L 1] Bt e A6 SR A A I [T IBCR K 93.4%~104.4%, RSD< 1.41%., S R BE I AE 2 SR AR A
HH KT AR 220 500 13.56 d A 10.56 o FESRAEI [0 3 N T B R 1 U245 55 14 d FIER 21 d I, e
PRI IR ZE AT ARG 42 SR b 15k B 4l 0,206, 0.178 mg/kg; FEAR R A H AYER B 52 0028, 0.020 mg/kg. L& %
T R PR, MEREE SRS R Y BRI B B AR, 8 TR AR e SR TR R e A G AR
SR AT TR P AE R A A R B SR 25 IR, HERERL ST RSB R 2500 R AR, HEEZES 3 IR,
LAARRII(10 AL 21 d AT,

SRR AUME TR, RO (O - AR I TR, AR SRR AR
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ABSTRACT: Objective To establish a method for the determination of fluxapyroxad in citrus by ultra
performance liquid chromatography-quadrupole tandem mass spectrometry (UPLC-MS/MS). Methods The sample
was extracted with acetonitrile, and the separation was processed in a C;g (2.1 mmx100 mm, 1.7 um) column. The
gradient elution was carried out with 0.1% formic acid and acetonitrile as mobile phase, and electrospray positive ion

scanning and multi-response monitoring pattern detection were used. The matrix matching external standard method
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was utilized for quantification. Results The best purification effect was obtained when 50 mg PSA and 300 mg

magnesium sulfate (anhydrous) were selected for purification. The recoveries of fluxapyroxad in citrus fruit were

89.1%—-105.5%, and the relative standard deviation (RSD) was less than or equal to 1.18%. And in citrus pulp, the

recoveries were 93.4%—-104.4%, and the RSD was less than or equal to 1.41%. When the sampling time was 14 days and

21 days after the last application, respectively, the residue of fluxapyroxad in whole citrus fruit were 0.206, 0.178 mg/kg,

the digestion half-life was 13.56 days, and the residue in citrus pulp were 0.028, 0.020 mg/kg, and the digestion half-life

was 10.56 days. Conclusion The method is sensitive, simple and convenient, and the accuracy and precision can

meet the requirements of quantitative analysis of fluxapyroxad. It is suitable for the determination of fluxapyroxad in

citrus. According to the results of residue test of fluxapyroxad in citrus, the recommended dosage is not more than

2500 times of dilution, and the maximum dosage is 3 times. The safe interval (10 days) is 21 days.

KEY WORDS: fluxapyroxad; ultra performance liquid chromatography-tandem mass spectrometry; citrus; residue;
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MREEHET S 200G B — R AEK
e TEWTTLIN K | e iS5 M A R I A AR R bl o SR, AT
AR P U B v DAL PR BT A 1 A B R SRR — AR A
PRACE, o SO EA G | BERG | U R B AR,
Ak T ARG He 3 B A W2 A PRI R |
RIS TRTDE I | SRR DRI PG | S5 PR W T P S5 B R ot S T o)
Fil(succinate dehydrogenase inhibitors, SDHIs)2 4% (#7711,
SR DR T P 2 P L R A R R 0 T R B R Mt S o)
FIATLER, A FER RSO . SRR/
GRS, BORBHELA IR E 0 — K TR BR—Fhk
LA i 70, 3 e L DRI D A 1 35 R I ek T A
IF IR HP A FEL P iz i, MUK L L 0 I 4 i 7,
&t T H8% ., M. KE. KR, M. EKRE
RAEYI ELTE BTG o (R 0 PR B P, A 2RI I
e B, BEE MR ERIM M H 252, X EiTER
YRR A TR R AT TRl SRR A LR,

AT, BARCHMIREX X G YT TR,
{HR Z RO P AE R TETEME BP0 FEBE3E . KR RIIREE
R, AURIE T /0¥0E ¢ SDHI R BB I 5% B A i
st BB B TR I GRUA B I 1) 5 vk A AR
% - 5 K % 75 (liquid chromatography-tandem  mass
spectrometry, LC-MS/MS), S i%- R ER IS, H,
YAN S5 7 SR o - P B0 5 38 7 00 5 4 2 o St T T
e B ko A SR VN T R T s R v TR T P A
S5 8 IR TR B B S I 1) 50 2K 25 TR 70 % B ek P VO €8
- T O SCRRR, R R M £ i A BT v
# 1 QUEChERS FiARM - EAHAHGE ), B i 27
i AR AHAEEGE, LR XAR R SPE AEEATXT S, 2
B HLB A, (A ISR A 5 o SR DRSSVl FH 22 Bt

AARAE B R B X AL AT AL, SRS RO B
AR FCSE AT ], (HZRTRAS HL A i e o 17T BT A 2
TR T A 0 2R e A U ) — TR A B 5 5, AT A LT AR
AN E, A AR AR O AR, H fl FH A £ 0 kP A
W U200 ARG AR R, R A S T
T HEE YA, BlnisD . B IR A P
R A5, DRIHE FH 38 i AR A RE A I A bR . H
B, RO MW R A 2 e -N- N B RE e b RE i
(ethylenediamine-N-propylsilane, PSA). C;s. A 22k Hk B
(graphitized carbon black, GCB)Z . GCB 3= 5L 2 X} (4 2 Al fi
BESEARAR LRI T2 B AW R, S T8 A v (0 3R
FEGR AL o (5 GCB X U T2 Tt Fi 1 2 R s B ., %o [T
SR, C g FE TR AP RIARNT . h &bk
FAERAE R A . BRI Cog XPREK . 3R
K e i R BRI R A TS R B, A K A B
Wl PRHEDN, 7TEA B 2B PIARBI, C g X M
BRI AR AR FHAS KERAR; PSA & 2 &35 NH, 244,
EPHAT BRI B8 7 S e i i, X 2 BREAS v 1) g s R A
PURRSF I P TR A BRAE o SmE i dr, Mg &4
BRERERMZ R IR EA IR

LERE IR, AW QIR PSA BRI EAT T
YAk, r T O A S - H R T 1 (ultra
performance liquid chromatography-tandem mass spectro
metry, UPLC-MS/MS )6 5505 B TR A% A8 Al vk o 7 b3
it b, PRI r e TR ot Fi 1) 5k P V0 e s A ML e e 2
BRER A, LA Sy J5 e R O P 1) 22 4 (e R (I 2 25 1l

1 MR5RZE

1.1 {E5EF
Waters Acquity UPLC-Xevo TQ-S i /=R FH (2,3 -
HREEIE{Y . Acquity UPLC BEH Cjg (A3 4E(2.1 mmx
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100 mm, 1.7 pm)(GE E Waters 23 #)); KS4000ic 8 1R %
#% . GENIUS3 T B & 25 (P2 E IKA A #]); 3K15 = 2
LML E Sigma 24 #)); PL1S02E, XPE205 Hi K (Fif
- Mettler Toledo A F))

(g o, EEREAR), TR, JoKREREE
FACEN Ot at, o E 2GR R Aok (e R e AR
[A); N-TN % 2, 7)1 [& A W% [ 57 (primary secondary amine,
PSA, MK} 40~63 pm, g RESCI R RO A R A
Al SRR T T AR E S (2 99.7%, i E Dr.
Ehrenstorfer A #l),

1.2 LETE
1.2.1 & a5k

SEHET 2020 4F 10 J A8 T AR B D5 BE 2 g 5
HOHEAT o K 42.4%Me Tk F5T It Fric ek 17 70 (TR A Tk e A 80 4
ol 21.2%, MR SR 21.2%) R 2500 f5
CHRUR T 2SR R 170 mg/kg), (A 6 f B %
A, FESCIRUL A 4 RRAHATG L 1EA T AR 24 G

M e TR A S8 T 42.4% Tt J50 Tk iz e 07 70 s
2500 RS, FEMMR AR BT SRR T 3 IRIBESS 2y, it
IR 10 d, TR0 T8JE | WEZh 556 14, 21 d
AT RAEM o . RF YRGS B SRS 1 0y, BRE A
F/ 2 kg, ARSI AR ATEOR S, 2 4 AR
100 go FALFRJE BUFE A AFAETE-18 CCLATT B DKARYS ik ik
FRUEAT AT AL BT A3 B0 A, I FR A A A SRR A .

FH A 7% B T RS2 T BURE I ] A B S 1 YR IBE 2 )5 T
U, FLSCS6 SR AT I 2R B SR I /N IX SR I A
J& VRG24 0d Qh & 1. 3, 7d. HIRE
EARAT AN ST AE SRR Ly, B S E A 2 kg, IS
50 T A AL B EATRE SRR AT RIR S, A 4 RN
100 g. KRR AERETE-18 °CLAT By pKAE YA R 1 15 kA7
AL B AN A BT A, I SR Ry A SR AR A
122 HmaTas

(HfH

FRELASR . SRS 5 g (R E 0.01 @)U T 50 mL
BOEH, A 20.0 mL 20, T FEERE AT T 350 t/min
JRHREG, F 30 min JSGHIA 5 g EALEN, FRRLIEIHEARFIZIR
¥% 1 min, JJ5Lk 9500 r/min B.0» 3 min, FF4L.

2)#r b

W2 mL FIEWRE T36H 50 mg PSA #1300 mg
TOKBRRREEN 10 mL ¥R B0, MR ARSE 1 min
J& L 9500 t/min $#F47E 0> 3 min. B BGS L FIEWK 0.5 mL
gt A 0.5 mL 0.1%H B 1451 IR A,
B WGE 0.22 pm BB S i UPLC-MS/MS Il %E .
123 RABEE-ERAE LM

(D)W 35 5 1

Acquity UPLC BEH Cg %4 (2.1 mmx100 mm,

1.7 pm), FENH: 0.1%F BRIA W (A)-Z MG (B), KA B ik
¥, HARINEE 1, @it 35 °C, REM SR 15 °C,
PEFEAF: 10.0 pL.

®1 BEMEBERRIERERRE G

Table 1 Gradient elution conditions of fluxapyroxad

HhJE 5 [ /min

I3 /(mL/min) Al% B/%

1 0.00 0.300 50.0 50.0

2 0.50 0.300 50.0 50.0

3 0.60 0.300 25.0 75.0

4 3.50 0.300 25.0 75.0

5 3.60 0.300 50.0 50.0

6 5.00 0.300 50.0 50.0
()i & AF

B R B % B T R IE B T (electron  spray
ionization, ESI+), & FIRIEITHE: 2.5 kV, FIL S H:
1000 L/h, #EFLS WA 50 L/h, JEIR: 150 °C, AL
500 °C, il r = ZE R .

1.2.4 AFBEERAA

PRUERE T FREUAEEE R 99.7% 14 Fl e T 19 Fiie A B
10.01 mg F 10 mL MY, HERELECIEITESR,
Tl AR A 1000 myg/L (14 95U T2 Bk e b i i 25348

PR R ARG RS e R, TR HmRE,
R0 T T M s A % VR T T B BT R VR Dl 100 mg/L
10 mg/L (74 F5L 05 P ot Feke o o4 Y ) 948

LR TAEWR: BB R VB 10 mg/L 119 60 04e DA 7k
Jeie o R HP TR0V FH S 6 T AT B VR B2 1.0 mig/L B JBiAm
TAEW . K R TN vk v AR 15 21 i 2 AR 4R A
SR W, T T S SR T TR M R IO o A VR R
W, Bl AHAE A SR AR R A R 2K (5:5, ViV), Xt
IS 1 mg/L BOR G AR E TR T B R R,
LR ) A R 4 0.05,0.01 ., 0.005 ., 0.001 , 0.0005 mg/L
ROV EEFARAE LA, AR @ ARl Lk, XA gl iR
RT3 BT

2 HREHR

2.1 UERFHMKL

ARACTTE 25, SERRTCH] 5 mg/L B FRME B 5 M b
WER BT 240l T IR R e 1 f 2 A 1k I, 5
R FH L BT 25 1 g ROk B i BARTE S iRk es 1. fi
PG JFE A, A R 88 P T A RO, R 3 SRR
T A vy ELAG S 8 VR 188, PR R I 8 X ik
FrHEfLH R ANRESE L R AP AL, LRSS RO 2.



5516

B dn 2 4 R R I A 4R

12

®2 ZERMENFG

Table 2 Multiple reaction monitoring conditions

ey BEF FET HEEE MEILEE AR
o (m/z) (m/z) /s V 5%
206.05 0.025 31 45
BI04 23408 0.025 31 19
L3 ' ’ '
314.12%  0.025 31 19
H e T
2.2 BTAMIBEHEL
221 REREMHHA

N E A AN, i pH ELEEY) U ] RE L B
FRIRAS, SLIeXt ZHE-H R M ZNE-2 ik 2 iRk R
WEATLERT . SCEZS R BN, RIWERERRT, JIE-Fi
TSN AL £ R B VR Z2 Ik sl AH W 7 BT g, DRI, SRR FH

i5-0.1% P R VEWAE TS . RIBE, N 700 3 B,
ST 5308 e 8 g5 58 s 0 198 X D BRI [ 1) 2 o =
SEG X B AR B BT R, BRT G -0.1% F IR IE
TR S5 ) Ay E AP 0 B A T, R SR S B E ) i H e
50:50 (V:V), FEBIAHFE S 0.3 mL/min, JH A 56008 TR P A
)£ B B (1] B W T 3438 B e

222 HLERL

PSA [ FH 2t 2 b 58 [ A5k y 0 (] 5 3 5 7 1T A T R
Wi Ry T 4T PSA i 0 X e nee A1 PO e A 4 SR RIS PR 2L T
LR RZ I, SEIGHEST P o L X, e ] i 23 AR 2 BT 4K
NEPEFTREMY . SEERIETE 0. 50, 100, 150, 200, 250 mg
I 5 40 PSA B TRE R LU, S5 UN2 3 iR .24 PSA
fdFE - 50 mg B, I EIER N 97.31%, LR
Ak, B E e 50 mg PSA.

MRM of 6 Channels ES+
100 3.00 382.14 >314.12 (fluxapyroxad)
0.709'95 513 260 3'0/23.46 1.01e4
D7 & .694.17 4.894 99
0 1 1
1.00 200 300 400 500  6.00
MRM of 6 Channels ES+
s 100 0.81 382.14 > 234.08 (fluxapyroxad)
= 0.73) 083 1.94¢4
2 Josof 0 548956320386 466474
E e e L i et
1.00 200 300 400 500  6.00
MRM of 6 Channels ES+
100 0.78 382.14 > 206.05 (fluxapyroxad)

1.051.581,35 2313.02 4.27¢3

3.453.75
>'2 457 64

1.00

2.00 3.00

i /8] /min

4.00 5.00 6.00

23 ZMSeE. RERERESR

S BT PO M 114 J5 v B 7E 0.0005~0.05 mg/L X [1] P 5
Xof IO Py e v AL B S B A LA AR e R . e A R
B 7 AR S Y=10890421.4X+8255.4, % RN
r’=0.9999; 7E Ht P9 b 4k M O B Oh Y=13466
552.2X+1453.0, AH3C R BN r7=0.9998 . Jr ¥k K IR A
5x1072 g, EREFEH 0.01 mg/kg, W R,

&3 PSAXRAEFLBE
Table 3 PSA usage purification gradient

PSA flifilft  dREEMcE ke PR RRMOE LR
/mg N(mg/L)  /(mg/kg) WCFE/% A RN
0 0.083  83.01 138314 0.83
50 0.097 9731 162132 0.97
100 0.0125 0.103 10293 171497 1.03
150 0.109 108.92 181473 1.09
200 0.103 102.77 171235 1.03

24 EWERBEEE

S 56 R FH b [l e S 56 24 34 W12 40 3k 1 AR
FORG 2 SR AT o 6 sl A1 PO P v VR T o 2 R A7 4
AR ZS (AR, B4 5028 0.01, 0.1, 1.0 mg/kg,
BAWEES 5 K. & LRI IR B AL S A T
SE e g, SRR 2 G TR TR Y E AT AR R PR TP S
hnowk BE R 0.01~1.0 mgkg B, HOE ¥ E g E K
93.4%~104.4%, * K A X} F5 1 i 22 (relative standard
deviation, RSD) R 1.41%:; 24 %Mk 12 Pk Jide /6 M A7 4= SR Hh %)
WO B R 0.01~1.0 mg/kg B, HOE XA Y K K
89.1%~105.5%, K RSD K 1.18%, kA3 FIvkG 2 & #4448
I, fRE CRAEY A 24558 B SCaa D ) A i AE 2R
ARTEE LA 1, B 127N, kB 1 X6 78 H e B i
TCT I, bk A Tk TR %o 9B A T B G 1) 40 BT V2 R )

B MRM of 6 Channels ES+
100 ¢ 2.33 382.14 > 314.12 (fluxapyroxad)
9.47e5
0 1 1 L L L L 1
1.00 2.00 3.00 4.00 5.00 6.00
233 MRM of 6 Channels ES+
B 100 : 382.14 > 234.08 (fluxapyroxad)
] 7.34e5
E
l:nx 0 L L L L L 1 |
1.00 2.00 3.00 4.00 5.00 6.00
MRM of 6 Channels ES+
100 - 2.33 382.14 > 206.05 (fluxapyroxad)
L 4.59¢5
0 L L } L L | |
1.00 2.00 3.00 4.00 5.00 6.00
s} [B] /min

e WS RE 0.01 mg/kg.

1
Fig.1

FRI AT PO P 7E AT AR Y eP A 25 11 (A) RIS An ] i 2335 P (B)
Chromatograms of blank (A) and spiked recovery (B) of fluxapyroxad in citrus pulp
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2.5 EPREERINE
2.5.1 HEER

S s T P e 7 R AR 4 SRR SR A R B T fB Bh A SR
B2 BT, A 4R b ik B8 5 i (H PR e e B, ARG
S PR R B A A I [ B R A e L 18 . R R
Y5 SRS 18 F 25 Wk TV G2 g a5, HOH g sh 25
TR — B S E D AR . S TR TR AE M AR A SR P
WHAUURE N 0.437 mg/kg, AZGEH 1. 3. 7. 14, 21 d
R g 4 R 9% . 35%. 50%. 53%F 59%. 457
RITFE C=0.3944e "M AL R r’=0.7761, E WK
13.56 d.

e T TR R 7E A A R OR i ) s U0 B R
0.0771 mg/kg, HZHEHE 1. 3. 7. 14, 21 d [N 45
H37% . 45% . 53% . 64%F 74%. RN RN
C=0.0620e " #{5 R %L r’=0.7296, FTEWIH 10.56 d.

05

; —a HHELR

R B /(mg/kg)

0.0 L 1 n 1 n 1 n 1 n ]
0 5 10 15 20 25

SRR EUd
2 S TR TSE M TE MR b A5k B O A I £ (n=2)

Fig.2 Digestion curve of fluxaproxad in citrus (n=2)

252 RARYEG TR

SERFW]: AR IEAT R BB R 2 2 Je, TR
WAy 7 d B, R SR P e R ne oA T P 19 % B A
0.036 mg/kg, 4 RHINERE HERN 0.219 mg/kg; TERUHE
Pl 14 d B, A AR SR PR e e o I i 1) % B e
0.028 mg/kg, 4RI HEH 0.206 mg/kg; 7RI IH]
Pl 21 d B, A A SR PR e e o I i 1) % B T e
0.020 mg/kg, SR AYERE FE N 0.178 mg/kg. HATHE
i A Tl S AT L G s TR 1 i 1) S K Bk B PR B (maximum
residue limit, MRL), Z:75 Ri R AR A7 L JRUm o1 19 Jie )
MRL 1 0.3 mg/kg, HEFF 42.4%Me k- 5 B ek v 79 22 42 [
FEIALL 21 d NEL,

3 HFit5iTie
AT, C A R0 PR PO e 7 gl o) SRR K Seh iy

B3 BB A AT 5 A ) 7 5 LR 1R A B - 55 A 33
e, W E T AR R A B Y 1 B B e, T VA A B
5x107'° g EHFIH 0.05 mg/kg, XIHEHEZEPgE Ny T
r A TR PR A 5 B o 1 S OB S R . AR R
MR, R CBRI-IAr R R, 30 % HLRE AT 2 ik,
o0 R 0 % - — A R A1) SR ARG DU SR AT I, bR o i,
KR 1x107'° o, RN 0.01 mgke, AHFFEF
R o A0V 2 T - 3 ST 55 Ko A v S T T e 1 7
Rl SR CIERBUS, (1 PSA #F174k, FH 0.1%H
PRV WO BOBGHEA TR BB 25, I 0.1%H IR - L I 6 B2
DEMGALER, WWESE I AT, R 2 R M
K FISE R VLB AR B AR R 5x107"2 g, &
WA 0.01 mg/kg, 5 EHE Ay EAREL, F AL B n{E
i, 58 AHURE FIVERA B A s o

A2 5 1 T W0 R A e S TR T v ke B 1Y) T i
BN, SEALF]: G A T e AE A 4 R R IR DO
N 0.437 mg/kg, TR TE C=0.3944¢ "M (MK R EK
r’=0.7761), WM 13.56 d. 7EAHE S P B0 SR R
N 0.0771 mg/kg, R C=0.0620e "0 (X R %
r’=0.7296), 2K 10.56 d.

FEAHFH 42.4% M5 fik - G5 Ok e 2k 7 700 10647 B 3 H A7 < 9L
SR, ST 4249 ik - JEUIE Pk T R A T T ik s A LG
i 5 B S0, ST AE IR, R 250 = AN
i g 2500 A i 390 FH 2 CA &S 170 me/kg), HiRZ
W2 3 IR, HEFR 42.4%M ik - G Tk e 2k V7 77 42 4 Tl B 1 A
21d MH.
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