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Simultaneous determination of 6 kinds of novel pesticides residue in
plant-derived foods by gas chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of residual levels of 6 kinds of novel
pesticides (flutianil, ipflufenoquin, mandestrobin, benzpyrimoxan, pyriofenone and pyflubumide) in plant-derived

foods by gas chromatography-tandem mass spectrometry (GC-MS/MS). Methods Samples were extracted by

shaking with 1% formic acid in acetonitrile. Anhydrous magnesium sulfate, sodium chloride, citric acid dihydrate and
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disodium citrate sesquihydrate were then added to the extract; after shaking, the mixture was centrifuged. A

quantitative volume of the supernatant was purified using the QuUEChERS method, with the purification materials

including anhydrous magnesium sulfate (MgSO,), primary secondary amine, octadecyltrimethoxysilane and

graphitized carbon black. After vortex mixing and centrifugation, 2 mL of the supernatant was transferred to a

centrifuge tube, concentrated to near dryness under nitrogen, dissolved in 1 mL of n-hexane, and filtered through an

organic phase filter membrane before GC-MS/MS analysis. Quantification was performed using a matrix-matched

standard curve. In this study, the sample extraction, purification and determination procedures were optimized and

discussed. Results For the 6 kinds of novel pesticides (including flutianil and ipflufenoquin) in plant-derived foods,

the limits of quantitation ranged from 0.005 mg/kg to 0.050 mg/kg, the recoveries were between 71.1% and 119.7%, and

the relative standard deviations were 0.6% to 12.8%. Conclusion This method is simple, rapid and accurate, and is

suitable for the analysis and detection of multi-residues of the 6 kinds of novel pesticides in plant-derived foods.
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H 0.2 mg/kg. IR HASE AR S & A v
FORAA, 2021 AEAESEESE UL, 36 ERLE AR
fF KB B R 0.01 mg/kg. &K RS HAME A 1b2F
PR ST TT K B AR LN IR IR RS TR ), 2015 4R 7ERR
BICH TSR, 2016 FEMEREIL, KEMEH/ARZE
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8040 T A3 - — F PUMAT B3 A (H AR 8 HEAA H]);
DB-5MS 1% B MG HE(30 mx0.25 mm, 0.25 um, EH
Agilent 24 7]); Universal 320R /& B AL(F [E Hettich 2>
#]); Elga R200AD+FLEX 2AD #2417k £ 4t (= ¥ Elga 23 H);
SA300 & #(H A< Yamato 2\ F]); N-EVAP 34 WA (3
Organomation /A H)); PL403 HLF K (d=0.001 g, Hii A4
P-FER Z 0] .

ECkE. ZHE(RI%AE). Cig (40~63 um). N-INEZ =
JH¢(N-propyl ethylenediamine, PSA, 40~63 um). £ 84107k B
(graphitized carbon black, GCB, 120~400 H), Ji7K MgSOy,.
PRGN . FPERR N K G (O T Al . FRUEE DA |
SRR . B TE . FEURIREE . PR G | LA
THe(REWRE 100 mg/L)( #2956, \); FR .
NaCl(5r#r4li, [ 254 A Ak 20 R vl
1.2 XEWHE
1.2.1 #fsar a2 ik

(WER3e., KR, BHE. HE

FREL 10 g ifAEF 50 mL ¥R, A 10 mL
1%H R CNE R B, RIZRS 1 min, A 1 UFE &
Y ¥, 2 ¢ oKk MgSO,., 1 g NaCl, 1 g #F RN K&
Y. 0.5 g #rBEIR A5 KA, RIZIRY 1 min J5 LA
4200 r/min Z5.0> 5 min, WHL 6 mL _E 357 2 PN Bk A
F AL R SR B0 A T (R 2 FHEBOR A 150 mg Jok
MgSO,. 30 mg PSA. 60 mg Ci5. 5 mg GCB), iREiRS
1 min, 4200 r/min 5.0 5 min, W 2 mL FiHRT 8.0
B, AREIRET, A1 mLECREEMR, i 0.22 um flfLIE
JiES, £ GC-MS/MS & .

Q&AEY . ik RE

FREL S g AT 50 mL LB H, JLA 10 mL 7K
WEIRAT, #HE 30 min, HALTER 1.2.1(1).

(€)i-L7RL

FREL 2 g FETF 50 mL ARLELLE S, A 4 mL K
WEIR AT, #E 30 min, HASER 1.2.1(1).

(AP P BV

PR A RS E, FIECERCHIAR 1.0 pg/mL
PIBRAE TAEWE, 4 °CTFIRAF . BEBTZS FIVAR: K BAPE= i
Bl H HERR S AT AL B P AL B A B AV T . FE TR I
TAEW: MR 52 50 75 B 0 BB & b v P e, 2 s
VS VR 3R AR XY ok bR v TR R . BB .
1.2.2 BS54

DB-5MS 1 8BS HE (30 mx0.25 mm, 0.25 um);
FEMTIREE 280 °C; FEFHEMAF: 120 °CAEEF 1 min, DU
20 °C/min /7 FHEZE 250 °C, {#%F 2 min, LA 15 °C/min 72
FFIHRZE 320 °C, {£4%F 3 min; $E IR 280 °C; A NEA
SEEAR/NT 99.999%), FifA 1.0 mL/min, fHFZ;
B 74k 7 2, T HL 8 (electron ionization, EI); &R E
250 °C; HLBRERE 70 eV MR, AN, #FFERE 1.0 pL;
EFIER BT 3.0 min, SR 2N B F M
(multiple reaction monitoring, MRM), MRM 254 L3¢ 1.

1.3 HIEAE

1 GCMSsolution T{Eu(4.5.3)% % GC-MS/MS %k
P, IR TE/ P RS, ZhlbniE TAEMZR, TR A
M5, 5% H Excel (Microsoft, 2010 )%k 4% Bk k17458
IR, RA Origin 9.0 RUAATERIEL N, Bl L E
BRECH 3K,

2 HR55%

2.1 UEBARFHRENL

iEA GC-MS/MS W E 4k & W 75 [ B i 2 “GC 7T
AL BRI MS/MS  RJ B R R AZ O A5 A o TE T
10.0 mg/L ARIEE TR, X —guE R A%, e bk
B, SRJE X ILHEAT TR M, RIS R R Y
3 ANEFXE, A IS B0 5 2 0w R e s A Al 4R R
#HSr MRM Jrik, Hifbfa it 1 i B 1R 6
Flsgr B4 245 (1 MRM &

®1 6 MIHBKZ GC-MS/MS #) MRM I E &4
Table 1 MRM determination conditions of GC-MS/MS for 6 kinds of new types of pesticides

e o e e
R cass  WEUE gy BB gy TR gy WO
/min /eV /e eV
1 2 AU 1449021-97-9 8.404 181.00>123.00 12 181.00>55.10 24 123.00>55.10 9
2 SRR 1314008-27-9 10.135 332.00>286.00 21 332.00>314.10 9 332.00>179.00 27
3 R AR IR 688046-61-9 10.198 350.00>320.00 18 334.05>303.90 21 334.05>319.00 12
4 S b I 2 173662-97-0 10.325 160.00>91.10 24 192.10>160.10 9 160.00>119.10 9
5 TR 926914-55-8 10.873 137.05>66.10 21 137.05>56.10 21 137.05>79.10 21
6 T M B I 958647-10-4 13.239 231.05>216.10 9 426.00>231.00 15 231.05>200.10 12
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Fig. MRM chromatograms of 6 kinds of novel pesticides (20.0 ng/mL)
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Oy MO B ISR RS EE T DB-SMS (5% K gtk
-95% W FL I FE AL, 30 mx0.25 mm, 0.25 um). DB-35MS
(35%A3-65% H FE R AL E BE, 30 mx0.25 mm, 0.25 pum)H
T Y5 1) B A4S 0 TS AT X B AR A B 4 (03 5 TR R i i) iy
HISZIR, RIS DB-35MS {8354k i &4k & 11 i i 2 ™
&, 1fi DB-5MS ik F I TE X AR, W SR AT o

XU VAT T A, BRI 210, 230,
250, 280. 300 °CHYXF H bRl G0 ng (52 m1 , 245 3R BR,
BACG YIS BRI 0, WAL HERR, fE 250 °Cik
PR, WEEARSTE, & BAb S P h & T R
T REER B FIRR A 5, Bk G W R AR T 3 A
AR, ALK BAREFA K, B s FEEE &
E N 250 °C,

X PERE TR AT T A, ST 240, 260,
280, 300. 320 °CH X} HFRbA Py i (550 . 455 B,
AW e N 27 TERE RS B2 AR KR, T 300~320 °C
TR T AR R R RR A, B, Rk E MR DR
280 °C,

FEPIIR IR FE AR, FR A B b G W T RETC 1L 8 4
Ak, DT TR HE A LSRRI 28, mi o AR, e
WL, feibirh Binfb &9 oSk, HAbE 4
FHEBR P MERS], BEME RS FRERARIE, &
LTI Ay i 37 1 (U TR ) S S B 5R P4  ARHIE g  FHIRR
BRI EEIR B A TR R R AL, WIEIR B 4 B Bl 40,60 .
80, 100. 120, 140, 160 °C. Z5REI/R, MR K
T, BALE Y se, R AT L4 S R R . R R
B 120 °C, SAbGYman k2] m b, HAR BTG A,

T BRI E R 120 °C.

2.2 HRACEEHM

H o 3R BEAR AL

ST O SE R . 1% IR, 1%L RFRE. &
M. 1% RIHE . 1% R HERBUERIX Lk 6 F HAR
AP ISR R, S5 R B, SR . 1% R H
1% B P B TERIL, S AL G W IRIBCREIR T 40%, 1R
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RIS AR BT A IR phh e R 4% veEh
Iz BN 2E vl 3 A5 S B AR AL & PR BUSCR IR
giREN, ENE LR, 3 F oy Akt B R Ao e iR
AR, ARG IRSE vk .

I L v — A 8T BR KR, — R JE K
MgSO,. NaCl 5§, MgSO,4 ] LA ISCHE T H 1) 7K 43, NaCl 8
AL IERE AR AT IZ, PRI MgSO,. FrgfRAN & HoAb i 2%} H
B B IR, DA T B A ML 70 A SR BURCR ) A g X
PRMER L MgSO,. NaCl Rff FR AT T Hifk, R T
MgSO, FIMA TS5 0, 2, 4, 6. 8 g Hxt HAREIKL
R 3), HAIA MgSO, I, —BEK i1 1) 2% 5
BEILAEH R, X E AR 00 5 A 3 T R R sy, [RT
RRTF 120%, FF5Ie FUGEME G | 207 T2 0 IO S5
i A MgSO, B, ISR N 80%~110%, FHE A
AR, X EICR IR, T8 MgSO, 1 i,
MgSO4 BIMALE R 2 g NaCl A A A 81 i 2 152 0 AN
K, MIA NaCl B}, $BORESE 7, AR EEm AN &
H1gs
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[T /%

3 G 5 MgSO, =ik
Fig.3 Optimization of MgSO, dosage in extracted materials
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v WL AR AR PRS2 C g T T S 1) R S B A IR B 7, L
AR ABKVER, XBRNIRR . 235/ . J i fBE 25k
AR i 20 A s AR M i TR A BT R B RICR,, TR Il
F Cis ATLALBRAEYIH . JHBHEE B R 7 o 8 i AR AR M T
B8, BCREEP IAh, {HH PSA Al AR . IEWT
TR E R AR MM T, W GCB AT LA RCEBREE b
T (0 2 ) TEREETHEBGR R A BId N 0. 10, 15,

20. 25, 30. 35 mg 7 FUAR R R A PSA, 4 HArfk
AR DR, 4550 R SR PSA B, $RBURAS
ANENELLT Ak, DU B A T, JRUME A T 14 Tl
KT 140%; MMMk T R BN T 50%. BE#E PSA
FH A3, S0 s TR I 100 35 T A AR, RTIRCR IR
M T R [l iRe g, HoAth Ak & 432 PSA 1 52 AN
K, LA TP MEAYIEEER, PSA HIHE N2 FHEBUR A
T30 mg, SALEYICREAT AR, HARILE 4,
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Fig.4 Optimization of PSA dosage in purification materials

Mg R Cos ARSI ERE, S0 FH2
FHEBGR M 0. 15, 30, 45, 60, 75 mg 6 FiA[H it
[ Crg, ZEFEIN, NIRRT & 5 DRE S v B AR DR Sk
AAREZ Crg AR, FISCELE 70%~120%, Cis XTHHY)
TH L THURKEE i R T R S AR, B A R,
H s b &P iy R n, Fits2&aEt Cy MR S
ZFHHEIE R 60 mg.

g feR R R GCB R T AR, 0 T4
ZTHRBORTIN 0. 5. 10, 15, 20, 25. 30 mg 7 FA[HE
FHEHY GCB. 25 R R, A GCB ki, ML T e
Z G A, SRR T 120%, HIEREH GCB &
SR, OO R s | SR M L B EUR IR TR
B IE T HA 8 W BHE T, RIS BT kA . an
&l 5 i/, GCB HE N2 HRIOR 5 mg 8 A3, Kibh
L7/ Sl E RV G ST RE 73 T R e
2.3 FHERZMMEER

X R C A Ay TR AT T A RE S R R
e R R SR ORI AR 25 1 T, F 28 PSR ) 4 RO
BeiilHe A 5. 10, 20, 50, 100, 200 ng/mL AYARIERLZE
SEIRSEH, 6 FhET I 251 5~200 ng/mL J5iHE e Y LA,
RMERR R, HKERBKT 0995, W& 2, RIFTAIE
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it BRR TR VS i 1A T Bl s A 3, 45 2R R T
3. KRS BT . BEREESLE 0.005 mg/kg FIIIFR KT,
AW, R ERESTE 0.010 mg/kg BINIARAKE T, 4
THFESLTE 0.050 mg/kg HINARAKCE T &b A I 4R
F 10, FH e € EFR5 51 0.005.0.010.,0.050 mg/kg, i
T YIRS AR AT H BR Ak Ak B Sk A K

£1746

24 FHIEHERYN
ROV (matrix effect, ME)2&$8 /6 AL 5 H #4347
WIEE, B I BT R 0 LR HR A T B bR 4 A5 5 0 5

SE TR Z4 R S AR ZAL R R o JE RO TR T RE G
AR B AR XML BRI T, EE RS
BfE SRR, T 5 I 45 SR B UE B RS 4 (relative

IS4
)i

140 1 g gg standard deviations, RSD)PO, [Hlilk, A T WF5E % 0 v iy 5
120 g JRRN, WATABIEER T AEZE . BF . SHE. mE
S g 3. BN, BHRE. KE. KK B/ KEL KT &
100 9 L BRI 13 FRIIRERESL, B AR SLL TR, LA
5 8 \ 2§E 25 LRI A BRI BT RE VR 2 5. 10, 20, 50, 100,
% . §§ ggi 200 ng/mL HFRHEZE . (7 DL ) B R 5. 10, 20
2§ ggi 50, 100, 200 ng/mL fkrfi g, el itk 5 3t
40 v B TR T LI, 22 bR, BT
2 | M ZRERHE R, TR TR R . I ME=OE £
N 425/ VB R -1)x100% . 4 |ME<20% 1135 ME,
A 20111 JC 75 R BRI 24 20% < |ME| < 50% 4
& LR ME, [ME|>50% A5k ME, Wi 20 % BUE i #
¥ SRRV 6 Fh HARME A YIAE Lk 13 FhEESL 89 ME 0L
e %30 KRESMEAYIAE Lk 13 FikE g iy ME>20%, Hil
B 5 b bes GCB AL R i JBR2 M), 00  ME JE,  I  R R F  o A o
Fig.5 Optimization of GCB dosage in purification materials ST ERE.
F2 FEMNGMRRE. HXREREER
Table 2 Linear equation, correlation coefficient and limits of quantitation of the method
o Pk L/ . o N 2 P /(mg/kg)
e RES AR BRI e KR FONE. WO . . T F
1 EN A 5~200 Y=318.2142X-598.7415 0.9983 0.005 0.010 0.050
2 SRR 5~200 Y=83.22416X-369.7168 0.9984 0.005 0.010 0.050
3 R IR B 5~200 Y=37.42875X-203.6389 0.9996 0.005 0.010 0.050
4 2K 5~200 Y=133.2975X+109.241 0.9987 0.005 0.010 0.050
5 i S 5~200 Y=71.01842X+51.15139 0.9997 0.005 0.010 0.050
6 TRMEMEE G 5~200 Y=51.86674X-79.28218 0.9988 0.005 0.010 0.050
=3 6 MIBKRAEZHERTH MEs(%)
Table 3 MEs of 6 kinds of novel pesticides in different samples (%)
&Y R A SRR R IR 2K LT R R E IR TR IS
EES 117.3 139.6 106.3 96.2 322 81.5
[ 88.9 99.0 85.6 75.6 17.0 41.8
B 82.3 87.3 62.5 48.9 429 50.4
R 17.7 -83.6 -53 6.1 —46.3 -73
22\ 52.7 32.4 15.5 22.8 422 21.7
HoE 55.6 35.7 23.1 23.2 46.4 21.9
K#E 67.9 -783 24.6 49.0 50.4 25.6
Kok 51.9 ~77.8 48.6 80.0 20.6 52.5
1 435 -79.0 41.6 69.7 22.4 48.0
PG 61.2 ~75.6 70.9 101.7 36.4 67.5
JRFA{~ 85.5 -76.0 70.2 89.7 95.6 52.2
i 83.6 724 88.7 122.0 14.4 85.5
T K 98.2 80.9 86.1 95.4 142.6 65.8
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2.5 FHEREWEINEEE

SRR, B B, WhER. ER.
HHE. K. Kok, & K& RF( ik £X
WS 13 FR YRR S B, Hh AR BT S
223 RN REES IR JE h 0.005,0.010., 0.050 mg/kg,
KFE . KK B KGR AR INEE A

0.01. 0.02, 0.10 mg/kg, FRIMATARINREE R 0.05, 0.10,
0.50 mg/kg, ¥ BB TR ETAL I HTINE, K 6
HATEE, LR IR 4, LBIKE, BlRN
71.1%~119.7%, RSDs 7 0.6%~12.8%., [K )k, %75 s U vl
5, AT LA R SEBRAE IR R SR 6 BT R A 255 B

FT4 o MBI RAEEYREML RSP MFREZEF RSDs (n=6)
Table 4 Recoveries and RSDs of 6 kinds of novel pesticides in plant-derived foods (n=6)

ORI g R g SRR SRR T 2K ML SR T M SEEME T
K /(mg/ke) Bl RSDs  [gx  RSDs  [UgHR  RSDs [IgFE  RSDs [ligxE RSDs [FIL#HE  RSDs
1% 1% 1% 1% 1% /% 1% /% /% 1% 1% 1%

0.005 95.4 2.4 101.7 2.8 111.4 5.2 78.3 6.3 107.1 7.5 93.8 5.9

F13 0.010 78.0 8.4 82.3 7.8 89.0 7.3 75.2 10.8 88.6 10.9 73.9 3.7
0.050 87.3 7.2 89.5 7.1 97.0 11.4 91.5 6.4 76.2 5.9 82.9 8.0

0.005 113.6 1.9 109.6 4.8 101.7 113 105.8 5.8 95.4 5.0 114.9 3.8

&7 0.010 108.1 3.1 104.0 53 98.3 7.6 103.3 5.1 95.2 11.9 110.5 4.6
0.050 100.9 2.3 99.9 2.4 94.4 3.7 97.6 2.7 98.9 6.6 99.3 3.2

0.005 101.6 8.8 104.1 6.7 100.5 9.9 97.8 5.2 102.5 9.4 102.2 5.4
B 0.010 88.9 5.3 99.8 2.9 90.6 3.9 96.1 2.5 93.1 9.8 96.3 6.3
0.050 94.3 4.1 98.3 4.9 96.9 4.5 98.5 4.0 100.5 113 99.4 6.7

0.005 94.2 2.8 89.5 3.9 105.0 2.9 98.2 3.9 86.4 12.8 81.3 10.9
liiaEd 0.010 106.3 5.4 105.6 7.9 117.1 4.5 112.0 7.0 97.8 8.3 99.5 5.1
0.050 101.7 9.6 97.7 11.4 113.5 5.7 102.0 11.8 112.5 3.7 85.5 10.4

0.005 82.2 1.8 78.7 2.1 78.8 4.7 78.5 1.5 89.8 6.9 73.4 3.9

R 0.010 107.8 7.7 107.7 8.4 107.0 11.0 109.2 8.8 107.7 6.8 100.4 9.2
0.050 96.9 8.3 98.7 7.4 94.0 7.8 97.1 8.9 95.9 7.1 92.4 6.7

0.005 79.5 4.8 85.5 2.9 80.6 4.0 104.4 3.0 110.0 4.5 102.7 5.6

g 0.010 89.2 1.5 89.5 2.0 84.4 2.5 92.2 4.4 89.2 2.4 89.2 2.4
0.050 72.1 5.0 74.1 4.4 79.0 6.2 80.9 3.5 80.1 2.4 80.6 5.4

0.010 100.9 2.9 100.6 4.2 98.2 3.4 103.7 33 104.7 7.5 101.5 5.1

K# 0.020 73.2 4.3 72.1 3.7 79.0 2.4 81.6 2.0 91.4 7.7 80.7 2.8
0.100 88.2 2.9 91.9 3.4 97.3 3.7 97.2 4.1 102.8 32 98.4 3.8

0.010 103.1 5.7 89.4 7.8 113.6 3.2 116.0 2.3 107.8 5.9 115.6 2.9

Kok 0.020 102.5 3.1 94.3 4.0 117.0 2.3 115.0 1.9 114.3 4.7 116.8 2.1
0.100 95.5 1.0 95.2 0.9 103.6 1.2 103.7 1.8 101.3 0.6 107.9 3.8

0.010 95.3 3.7 89.9 5.1 78.4 10.0 93.2 6.1 90.4 7.1 97.2 4.9

[y 0.020 100.5 6.4 97.6 5.7 82.8 3.9 97.0 4.8 98.4 11.0 101.4 5.4
0.100 94.0 2.0 94.8 3.9 80.3 4.7 98.2 2.8 101.5 2.7 93.4 3.8

0.010 110.2 2.2 108.9 3.7 113.2 2.5 108.3 2.9 111.2 4.7 114.3 2.9

K& 0.020 92.9 12.1 100.9 9.0 86.7 7.1 106.4 8.8 87.3 10.4 111.2 5.1
0.100 112.1 5.3 112.2 5.4 104.9 4.7 106.4 6.0 110.5 6.8 112.4 3.6

0.010 77.2 6.0 73.7 2.0 75.0 3.8 86.4 2.2 81.1 10.8 80.6 3.8
JRF1- 0.020 71.5 7.2 73.5 8.3 75.5 4.9 82.0 7.9 89.4 7.9 73.7 8.2
0.100 72.1 1.0 78.6 0.9 73.0 1.6 80.6 1.0 89.5 1.8 76.3 1.1

0.010 100.2 3.7 97.8 3.0 89.1 3.8 114.1 1.0 112.2 4.8 115.1 1.5

pixes 0.020 101.8 4.2 95.2 2.1 85.9 1.4 114.4 1.7 119.7 5.3 114.1 2.1
0.100 100.1 2.3 93.9 1.9 87.2 1.9 113.4 2.0 114.2 3.6 115.2 2.0

0.050 77.9 2.3 84.6 2.2 75.4 1.3 85.1 1.5 90.1 5.7 86.6 3.1
oK 0.100 79.5 1.9 74.2 1.8 72.5 2.3 73.9 1.8 76.7 2.5 71.1 2.4
0.500 73.7 1.2 78.8 1.0 78.9 1.2 76.0 1.4 76.8 13 77.4 1.7
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