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Determination of 14 kinds of common fungicide residues in leaven by ultra
performance liquid chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for determination of 14 kinds of common fungicide
residues in leaven by dispersive solid phase extraction-ultra performance liquid chromatography tandem mass
spectrometry (UPLC-MS/MS). Methods Leaven samples were extracted with acetonitrile, purified by dispersive
solid phase extraction to remove interfering substances such as colorings and polysaccharide. The separation was
performed on a C;g column, then the 14 kinds of fungicides were detected by ultra performance liquid
chromatography-tandem mass spectrometry with ESI positive ion scan in mode of multiple reaction monitoring
(MRM) and quantified by matrix-matched external standard method. Results At the spiked level of 20, 50 and 100
pg/kg, the recoveries of each compound were in the range of 81.0%-100.3% with the relative standard deviations of

5.7%-12.3%. The limits of detections were 0.3-0.7 pg/kg and the limits of quantitative were 0.5-2.0 pg/kg for the 14
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targets compounds. Conclusion This method is simple, rapid, high sensitivity and good stability, with a wide

variety and a certain development. It can be used for the daily monitoring of fungicides in leaven.

KEY WORDS: dispersive solid-phase extraction; ultra performance liquid chromatography-tandem mass

spectrometry; leaven; fungicide
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FER AR LAFLIR I . BRI 45 25 AR DR AL A L B
ML — R0 e S ARG . TR EG . B R A
TR R FLIR . BSRAN /D 5E 2 B S A= 0 ) — P o BE 1
PRER AR S, LA S R L BRI 1Y
A ) TR A RS S SR AR T
AR AR B, B — s A T AR AR R, Aok
ZER AR FEANLWEE. (2, REFREMHER
RREBE AL P T 28 7 T Sl 2 2R 7 K E H AR Bk
2200, MREFE— AP SR RUR R, IR i =2 AH O AR
SEEbndE, e RkEREERE. AVHEREMHNE
BER G S B SRAEARO A7 th 2 2R 2y, TS AR R
A 2k B Y i AU o

EUAI, SR R 32 rP 25 TR R ARG 8 DL i A 38 VA
W ZE B (liquid-liquid  extraction, LLE) . & A f3f %€ HX
(liquid-phase microextraction, LPME). [EI#HZ%HX(solid-phase
extraction, SPE). [&|#H 7% % B (solid-phase microextraction,
SPME). 43 E3ik [ AHZE B (molecular imprinting solid phase
extraction, MISPE) F 43 #{ [ #H 2% B (dispersive solid-phase
extraction, DSPE)Z10121 s 2 DSPE 4% A HA X B8 &

FBI) iR TR A K S K, ST A
By AR5 o3 M r i O AR 255k B A0 AT 8 32 S BRI
AR JEaH AT MIIE C & S LSO (i AR B BT
#:(gas chromatography mass spectrometry GC-MS)FIEAH 7
i & BE T 3% 7% (liquid chromatography-tandem mass
spectrometry LC-MS/MS)! Wil o 3= o I LA i+
PRETT5, FEAR T LRI R P B BH P SR R P R, i)
2 R R RO AH 43 B B BT 9 75 (ultra performance liquid
chromatography-tandem mass spectrometry, UPLC-MS/MS),
HAMEER, RS . EVE R ERAEI R . ARF5ERA]
DSPE 454 UPLC-MS/MS MIE R 2 14 Fhig WA,
ARG EL it ) 5 [ bR e SR BE RO SRR, (RIS [ 20 T 18
R AR B

2 MREREE

2.1 LSBT0
Waters ACQUITYTM M = 0B AH (351X . Waters
Xevo TQ-S JE %Y (35 E Waters 23 #]); T25 Basic B34 i

P (FEHE Sigma A H); Milli-Q MalikHl % RS (CEH
Millipore 23 H]),

Waters ACQUITY UPLCTM BEH C,5 #1:(100 mmx
2.1 mm, 1.7 pm)., Waters ACQUITY UPLCTM HSS T3 #F
(100 mmx2.1 mm, 1.7 um)(3E [E Waters 23 A)); 43-H & A1 #E
BUNE (PSA 50 mg, Cis 50 mg., 185k %2 GCB7.5 mg.
ToKBREREE MgS0,150 mg). HEE . ZIE(aikal)dbis
Dikma A #]).

PRt SRR IR . 2R RIGIER . PR .
WARERE . IR . DREERE . R . EER] . PIERME
PR | AR R L R AR T IR (S >98%, 1 TR 4
Ao
2.2 FERREIECH

14 R FIFRERE IR W(1.0 mg/mL): /3 HIHE B
BORREH SR 2R . IR . HARR . .
yT T NN R N 7 1 IS E AN N ' L
TR EEMA S EIR 0.010 g BT 10 mL BT,
HOEERILHBRZE, 75, 1N & BT
(1.0 mg/mL)F-20 “COKFHIRAT o T LT AT A5 0.1 mL
BT 10 mL fFasaHS, AR 100 55, Bk
10 mg/L ARG IR o 8 AR A W9 2 G 76 R e
1 mg/L BIR AR IR
23 MRS E

FREURE S 5.0 gCREB % 0.01 g)BET 50 mL .0,
JMAZNE 10 mL, WGHiE PSS, PRFGINEE 1 min, B
It 20 min, 4 °C4<#EF, 12000 r/min #5.0> 10 min, ##% g
W 1.0 mL FArai A BULF & T, IRHERA] | min, 4 °C
Z4FF, 12000 r/min &0 5 min, B F W 1 mL, 3 0.22 um
IEME, RAMAGZET, REH 1 mL ZIE-K(5:5, VIVER,
HE LML E
24 NFBEH
24.1 RABEELH

{64 DIKMA  Endeavorsil Cyg {63%43:(100 mmx2.1 mm,
1.8 pm), i 40 °C, FEMEIRE 4 °C, HFEAT S uL, Ui
M A I, WS B N 0.1%F BRKIE W, B6REVER .
o B DRI S5 A4 L3R 1
242 kit
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3.50 kV, B TIEIREE 150 °C, WEFIREE 500 °C, i
SR 1000 L/h, HEFLSFE 150 L/, fifE= /7 0.33 Pa,
HAth o S5 W2 2.

®1 OREERERREG

Table 1 Mobile Phase gradient elution conditions

it 8] /min Vi 3# /(mL/min) B A s B
WA 0.35 20 80
6.0 0.35 100 0
7.0 0.35 100 0
7.5 0.35 20 80
8.5 0.35 20 80

Fz2 UMHEREFIRESH
Table 2 MS parameters of 14 fungicides

&Y (mnth BEEF FESF HEfLHRIE AiEAER

2R /min /(mlz) /(m/z) A% N
n 159.9% 20 32
ZWR 1.75 192
132 20 20
FH L 150.9* 20 18
" 42 3433
R 311.2 10 8
131.9 30 23
TR 4.46 279.1
219* 30 15
i 106.9% 20 26
W 75 e 4.85 200.1
168.1 20 26
i 192.1* 20 13
R 5.02 280.3
220.2 20 18
P Tk st 1883 301.1%* 20 33
ik Bk ' ’ 165 20 21
. 197.0% 20 20
= A 5.7 294.2
225.2 20 16
) 308.3%* 20 17
DK i fiiz 6.05 376.2
266.2 20 13
- 70%* 20 25
i T 6.08 289.1
125 20 29
70.1% 40 22
T e 6.11 308.2
125 80 44
) 159.0%* 80 20
DAEZNLH 6.18 342.1
205 40 29
JE Tk 620 4062 251.2% 20 26
2N ' ' 3373 20 16
. 100.9 40 28
5 PR R 7.05 330.1
143.2 40 21
i 256.1% 40 26
JEER 7.21 284.6
95.1/67.1 40 22

3 LRS00

3.1 UEBEHHMHL

RTHE 14 FARTERI AN USSR, BrREs
WEESH R RS HAE 100 pg/L LA ZIE-/KIER(50:50, V:V)
SR SR SR E I, T IR R AR B, i i B
A Z15-0.1% F BR K T8 (50:50, V:V), N 200 pL/min.
e &5 F XK J8 Waters i 1% B 2 B0 4k 34
Intellistart TM 5 AR, S2E0 T 14 Rk &4 00 25000 E 3)
Ak, KT 14 RGBS T TRTF . #ifLHE.
WEfE R S S8, RIRES GmAH ISR T WEHE R
JE LR . TSR SHESESE, USRI 2.4.2 5
Tk A -

H T RS E O A, ARBFE SRR T
Waters ACQUITY UPLCTM BEH C;3 #:(100 mmx2.1 mm,
1.7 pm), Waters ACQUITY UPLCTM HSS T3 #1:(100 mmx=2.1 mm,
1.7 um), DIKMA Endeavorsil Cg f.3%41:(100 mmx2.1 mm,
1.8 um) 3 FEGEFE, LA WITE 3 FCETEA: b N (E i
RIZEEAK, 14 PRI AR, £GP0k
PRI 22 540, WBEAHZETE 10%LLN, FERL5
WA, AR EPE T DIKMA Endeavorsil Cig fGiifE,
HAE YR FaE R LE 1. RS aEwsh
[M+H] 7325 F i, DR d 2lAH P9 i A H 2 a] LB g 4
A AN AE, SN ERTE 10%~30%2Z
fia], 3 3 B4 1) R A
3.2 ARSI

i 2R il 1) 2 R IR A K R B SR A A W R T T
e, MK o hK . REELFERT I HALE SRR,
FTRELAAG I Sk T A W] B R KRR R . %
BE . WL D BRI o DRI, ASBIF 5T 7E 2 HIL R A 2 E
RYIERIE R E R EE T Cig. PSA. GCB 3 Figkl, Hp
T GCB FifJ&IE/NTCHEEH), HXTE 40 F AR
W BT, 5 R 5 A 5 R RO BRI S I AR 2 . ARIE S
JRRIN R 14 FAb-& AR S, EILB R mA T
GCB fEN R EERIIMEL. Cg AT LIA R BB ZNEZEA
[ B AR e S AR ML G, PSA T DL R BRERA AT
MUER . SRebfik g2k . LIS MIRBUE R BT, 4
B3k PSA 454 GCB B C 3454 GCB Hn] LIARI IR IF
B EIBCR, BISCRETE 80%LL |, %8R =& 454 m LIE
U SEBRX P 2R A S Ak, DD IR TS Y ANBIF T TR
T Cig. PSA, GCB 3 FERHE il Iy i, AR D345
R 3,

3.3 FHENEREFREEE
A e 1) P I B A S PP 20 AN I 14 Mo R
FrisE, VABHRE J5 36 A MER RE AR R E o I L /K7
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1: MRM of 2 Channels ES+
191.904>159.938 (DJL)

20181115-51
100 1.68 LER
. % %01 ﬁ 2.65¢5
0
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 3: MRM of 4 Channels ES+
160 FREmER 420 343.3>151 (JILIL)
% 3 2.16¢5
0
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 3: MRM of 4 Channels ES+
100 Waes 4.02 279.1>219 (ESL)
” 3 3.99 ﬁ :4.04 1.96¢5
0+ ————r | A p s b et r s E 4 T T
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 2: MRM of 10 Channels ES+
100 FERTBEI 5.64 388.3>301 (XXML)
o ; k 1.56¢5
0 -
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 - 2: MRM of 10 Channels ES+
100 =R 5.70 294.104>197.006 (SZT)
% 3 4.74¢5
0
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 2: MRM of 10 Channels ES+
100 i T et 5.73 289.1>70.2 (J1Z)
” g K 5.29¢5
0
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 2: MRM of 10 Channels ES+
100 HER 5.02 280>220.2 (JSL)
o 3 A 6.36¢5
0
2.00 3.00 4.00 5.00 6.00 7.00
i
bt
20181115-51 2: MRM of 10 Channels ES+
10U i 4.85 199.877>107.023 (MMA)
" 3 }'L 6.14e5
0
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 i 5: MRM of 10 Channels ES+
bk R B
100 ARREH S 6.29~. 406>250.892 (BMJHZ)
o 3 \r\‘ 6.84¢5
0
2.00 3.00 4.00 5.00 6.00 7.00
fisf ] /min

Pl 1 BEBTICRCARERT MRM e i B 3R IUE 515 (20 pg/kg)
Fig.1 Quantitative ion MRM spectra of matrix-matched standard(20 pg/kg)
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20181115-51 5: MRM of 12 Channels ES+
100 ket iz 6.05 376.2>308.3 (MXA)
% ! 6.07 3.55e3
0 -
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 5: MRM of 12 Channels ES+
100 RS 6.18  342.1>69.02 (BHZ)
7 3 5.92¢5
0
0
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 5: MRM of 12 Channels ES+
100 SRR 5.98  330.032>244.881 (YIN)
" ; hf;m 2.77¢4
0
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 5: MRM of 12 Channels ES+
100 TR 6.11 307.976>70.062 (WZC)
" ! 6.04 3.39¢6
0
2.00 3.00 4.00 5.00 6.00 7.00
20181115-51 4: MRM of 2 Channels ES+
100 JEREF] 284.313>256.116 (FML)
” 3 9.01e5
0
2.00 3.00 4.00 5.00 6.00 7.00
ff (8] /min
SRR 1 RERUCEARHER) MRM 58 & B FHEEUEGE K (20 pg/kg)
Fig.l Quantitative ion MRM spectra of matrix-matched standard(20 pg/kg)
£ 3 14 FRBEFIE 3 NRMAKEHEHERERNE SR gxR3
Table 3 Mean recoveries and LOQ at three spiked levels of 14
fungicides Bk Tnrie B 22| RSD LOD LOQ
N ) Mpgkg) EEE/% /% Aug/kg) /(nglke)
5k mbrEE  F¥ RSD LOD  LOQ
/(ug/kg) FE% /% /(ng/kg) /(nglke) 20 83.5 7.2
20 89.3 11.4 AR 50 87.6 6.4 0.5 1.5
ZHR 50 86.4 104 07 2.0 100 902 92
100 1.9 93 20 883 108
20 81 8.3
7 T P 50 85.7 11.6 0.5 15
FH L 1A R 50 83.1 7.1 0.5 1.5
100 88.3 10.3
100 87.4 6.4
20 88.6 11.3
20 85.7 12.3
I 50 94.7 11.1 0.3 1.0
WFER 50 89.3 10.6 0.2 0.5
100 94 10 100 90.1 8.4
20 86.8 8.3 20 85.6 11.8
W 2 i 50 85.5 6.2 0.5 1.5 IR fi fri 50 88.2 10.3 0.7 2.0
100 87.5 115 100 89.3 10.4




559 1 v

B2, S OB G- R IR TS R T R R 14 iR LR BT R

2657

HR3

e &0
P mbrdkEr OV RSD LOD LOQ

Mug/kg) % /% Augkg) Aug/kg)

20 93.9 11.2

I A e 50 90.6 9.4 0.2 0.5
100 95.5 11.8
20 89.5 10.4

T 50 96.5 9.3 0.3 1.0
100 90.1 5.7
20 86.8 10.4

DSEZNILA 50 95.6 9.3 0.3 1.0
100 88.3 8.4
20 85.8 11.3

Tk R B 50 96.5 12.1 0.3 1.0
100 87.3 12.1
20 97.1 8.9

SR 50 99.6 10.4 0.2 0.5
100 100.3 8.5
20 84 11.7

JEEER 50 87 11.6 0.7 2.0
100 87.6 10.2

20,50, 100 pg/kg T, S 2.3 5 AL 37 B 3EA 7100
14 bR A FIBCRTE 81.0%~100.3%2 17, AE X vE D
# (relative standard deviation, RSD)7E 5.7%~12.3%2 ], 1
NS5 3o T [l SE 56 45 T3 B A 1k (9 4 7 B2
WERR LA T, F5A B 2002/657/EC S5k B A6 Jy vk
HIRIAE o

20181115-54

3.4 FERZMTEE MK LR

A28 FURE S B IR 3 [ R 40 BB BBV, 15 3 B
VAT . PR AR VORI S B R R 0.0, 1.0,
5.0, 10.0, 20.0. 50.0. 100.0 pg/L MIFRAERE, AR
BRFAASGIAT A0 MT o 45 18 —F b 118y g T RUXe JEL 5 Wk P 22 T
HETZR, LY il Ay demm W A5 -5 S A bR, X Al R SO e
BRI BE (ng/L) A A, il e b v BLA 5 72, 14 Fh BAsP Y
RAENH TR AR SR E(NIIR T 0.9990, KWI&FrH bR
YITE 1.0~100.0 pg/L WEVLHINE RIFHEEXLR, UG
M 1Ay 3 BsF A9 25 FURE S R IR 14 2 e Sk vk i A s B
(limit of detection, LOD), fZMtLt >R 10 A2 FAFE S EL TN
PRy o 2 B BR (limit of quantitation, LOQ), 14 Fh AT
M &AL A YA PR ZE 0.2~0.7 pg/kg M0, & FRALE
0.5~2.0 ug/kg Z 1A, HARZFILFE 3,
3.5 HERNE

SRAEICFH ORI . AR EEERES 30 1
AR, A 2 (REEEFRAAR R ER, AN 2w R
FIEEE N, &9 h 13.1 0 7.2 pg/kg. FHVEARESL @5 F
DL 2 FE 3,

4 &

B 5 [l A T 2R B XU, O T DR T 2 Y
YRGB, oy 2 xR A R A . AR
SE T CTAREL, 2> BB R AC I, 8 i ORAH (3 R K 5T
5 MRM RGN 2 rp AR EE P PR | 2T TG
R R RN AT, DRI . PR R
AL AERE | SRR AR TR A R IR 14 FhOR
BT B RGN T i o 20 TR MER TR, fRTAE PR, W]
TRER ARG Z 5B, AT heR e,
HESIZ LR K R, DR b 24

1: MRM of 2 Channels ES+

100 1.70 191.904>159.938 (DJL)
1.24e5
%
0
Y 1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00
o
" 20181115-54 1: MRM of 2 Channels ES+
100 17 191.904>132.022 (DIL)
1.93e4
"%
0
1.30 1.40 1.50 1.60 1.70 1.80 1.90 2.00
fisf ] /min

B2 Z B RBIEAE b E R B 71 MRM &3

Fig.2 Quantitative ion MRM spectra of carbendazim positive sample
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20181115-2 2: MRM of 10 Channels ES+
100 4 65 199.877>182.698 (MMA)
4.66 2.11e4
% 4.67
424 4. 56 4 96 4.98
0 i
i 4.00 4.20 4.40 4.60 5.00 5.20 5.40 5.60 5.80
frics)
" 20181115-2 2: MRM of 10 Channels ES+
100 4.64 199.877>107.023 (MMA)
1.52e5
%
0
4.00 4.20 4.40 4.80 5.00 5.20 5.40 5.60 5.80
Fis} 1] /min
Pl 3 W BH A Gl 5 BB TR MRM &3
Fig.3 Quantitative ion MRM spectra of pyrimethanil positive sample
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