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Simultaneous determination of 317 kinds of pesticide residues in pomelo
flowers by ultra performance liquid chromatography-tandem mass
spectrometry coupled with QUEChERS

LI Chun-Xia, DENG Chun-Li, YE Cai-Ting, LI Yi-Wen, LI Shi-Yao, HONG Hai,
CHEN Su-Wen, LI Zhi, LIANG Hui, LIANG Xu-Xia

(Guangdong Provincial Institute of Biological Products and Materia Medica, Guangzhou 510440, China)

ABSTRACT: Objective To establish a method for simultaneous determination of 317 kinds of pesticide residues in
pomelo flowers by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS) coupled
with QuUEChERS extraction. Methods Pomelo flowers samples were extracted with acetonitrile and salted with

extraction salt pack, cleaned up by ethylenediamine-N-propylsilane silica gel (PSA) and graphitized carbon blank

ks EER: 2024-10-21

EETR: IR BB AR 3410 H (C2022016); #H iR 515 H (2023C0301001)

F—1EE: FHEA9SS—), L, Wik, FEBIN, FEMFR 0 KK R IEERR . E-mail: 279714842@qq.com
MREEE: RE0972—), L, WL, FEEIN, LA R 2SR E . E-mail: liangxuxia@]126.com



LERE Ul

2, 55 QUEChERS-H = R0 AH €6 1% - B8 T i vk [R] e e i AE 317 AR 2558 B3 i 23

(GCB), the analytes were separated on an ACQUITY UPLC HSS T3 column to achieve the separation within 30 min.

The 317 kinds of pesticides were detected in electron spray ionization with positive ion mode and electron spray

ionization with negative ion mode with multiple reaction monitoring (MRM) mode and quantified by matrix

matching curve external standard method. Results The 317 kinds of pesticides in pomelo flowers showed good

linearity with correlation coefficients (r) greater than 0.995 within the range of 2.0-200.0 pg/L, and the limits of

quantification were 0.002—-0.010 mg/kg, the average recoveries at 3 spiked levels were 74.3%-120.3%, and the

relative standard deviations were 0.36%—10.00%. Conclusion The method is simple, rapid, accurate and sensitive,

can meet the rapid detection requirements of 317 kinds of pesticides in pomelo flowers and provide reliable data

support for further standardizing for edible safety evaluation of pomelo flowers.
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1.1 &, AFISHR

Waters TQ-S Micro 74 i R AH 13 - 58 B BT i A
Waters ACQUITY HSS T3 4 i%4E(2.1 mmx100 mm, 1.8
um)(3 [ Waters 24 7); IKA V3 S025 I ESRS: s R (™
MY 5 % A FRZA H]]; Thermo Sorvall STSR 7 i B UL
(3218 Thermo Fisher Scientific /A #]); METTLER AE 240 Hi,
F RV 0.1 mg, MFRRE)-FERI 24U A RAF).

FRE (ke FER(EISLE) . LRUGIELE) . F iR
R (JT % 40) (3£ E Fisher Chemical /A wl); JC/K B B2 &
(MgS0,). AL (NaCly, BRI —IKEGY . FERE
RN, NSRRI ) B (sl . 4 R
-N- 4 3 i %t 1k fE K (ethylenediamine-N-propylsilane
silica gel, PSA). f1#&fk % (graphitized carbon black,
GCB)(hif& 40~60 pm, #Ht5 DX22440)(_E#Li%SkR
HARABR A E]); 0.22 pm FCFL B R (TR L T LI 5 0 i
#% /N H)); Genin PURIST #84li /K (_F 6 SR ANAE U0 BB A R
2]y 317 Rl 25 bR v b (MR EE 100 pg/mL, 4l =
99%)/(K HEBT /R 35k 1 40 Jo1 i 5% e A BR 2 il )

TAERE SRR FRERT o TV AR AR 2, SR Af
WAL WA, BAbAE, B FEMBCRDT 2 kg HrEEAIIE,
BORTHEHT RN, B TR IR .

1.2 SLHE

1.2.1 AR i Fo b e 5 R B3
TRAPRMER R TR 5 BIAS BOE 2R B 44k
AR, F SR R E A BCHI 1.0 pg/mL AR HEH
(B ARV, —18 CCURAR TP ARAE, PIEH 1 AN H o BHUE &
TRAARAE P ) ARV WO 28 (MR SE S R BC A 1.00 mL
N[ BT VR BB (2.0~200.0 /L) Y 5E T IR A bR ol T ARV R,
FH T bR v TAE R £& .
122 H ek &L 44K
FRIC 1.0 gCRE A3 0.1 mg)islAE T+ 50.0 mL BR} 250095
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1, 0 9.00 mL /KIAFEES), #E 30 min, fIIA 10.00 mL
IE R 1 B EH T, MEZRY 1 min, IMAZERE®G4 ¢
MgSO,. 1 g NaCl. 1 g FrEERRH _/KEY . 0.5 g FriEm e
4, RIZUHRH 1 min J5 8000 r/min B5.0> 5 min, & & X
6.00 mL [ iR 2 3 BRI FIE AL % [ AH 25 BOd Ak
(900 mg MgSO,. 150 mg PSA. 15 mg GCB), HiEiR
] 1 min, 8000 r/min &5.0> 5 min, WEHR 3§ Wia 0.22 pm A
MUARRFL g, it UPLC-MS/MS JII5E .
123 &, RiEsH

(HEgA:

{3k ACQUITY HSS T3 (2.1 mmx100 mm, 1.8 pm),
FLE 40 °C, JiGH 0.3 mL/min, #HFER: 2 uL, FESIHERSE N 1.

1 UPLC RaERESENBEN

Table 1 Mobile phases and recommend separation
conditions of UPLC

JK(% 2 mmol/L I iREE HEE(H 2 mmol/L H
1 0.01%HR)/%  BREF 0.01%H iR)/%

I ] T
/min  /(mL/min)

0.0 0.3 97 3
1.0 0.3 97 3
1.5 0.3 85 15
2.5 0.3 50 50
18.0 0.3 30 70
23.0 0.3 2 98
27.0 0.3 2 98
27.1 0.3 97 3
30.0 0.3 97 3
Q)TN

ML R HWE 55 U OE B F B U (electron spray
ionization with positive ion mode, ESI") Al & ¥ i =,

(electron spray ionization with negative ion mode, ESI")[A]H}

i, B HEE: ESIT 0.5 kV, ESI' 2.5 kV; iy #A R HE:

550 °C; IR A: 1000 L/, bR THEA AR,
flfdE A A R 2 22 5 I I (multiple reaction
monitoring, MRM). #4319 WE I B FXF . AHC
HES R, FE RS2 H0LE 2.

1.3 HIEALIE

¥ Ji Waters MassLynx 4 i#f 47 Jt 4 £ 4 4b 32,
Microsoft 2010 RN F% &, FEah K 6 AT 05,
F HFIF OriginPro 8 #1758+ 5 4 Ab B4 AT
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2.1 RE. BHEHMK
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F| 16%L b, BELdefminl 38%, 7 B& N 6.5%
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Table 2 Mass spectrogram parameters, and retention time
datas of typical pesticides

rp TE B g gy L iR R

2 B HE/V  fev  BE]/min
L. O . 143.0%/

AP Wit ESI" 1840 ~ 0 18 8120 3.11
*

ARHGA medlk ESIT 223.1 125%01/ 34 2020 4.07
N *

SRELR] EUGH ESIT 228.1 1%%11/ 38 18/36 9.45
*

RER WEREEE  ESTT 404.1 33722500/ 28 1530 1035
*

RUEF PREERE BSIT 364.1 1193510/ 20 18/20 1828
ALY/ Y] . 161.1%/

o2 21 ESI” 3291 o0 25 1015 2239

Vit ey i 70.2%/ 11.32/

A + - .

P 2R ESIT 294.1 195 1 20 1540 0
S, o *

FoF BURNS  EST 4349 3232(’)00/ 24 1530 1551

HAE R T

2.1.1  RAEL PR BGR A AR 6 A T

AW GT HARAE R R TR R TR, e S SR O
FI AR 23 52 3] EH bR 25 5% WAL G i ks . I
25 FARAERE S, 23 BIFRER 1 g IRFE 4 4%, fin 9 mL KRR
A9, #E 30 min, 2> BIIIA 10 pglkg RIARZGIRARAR, A
JEEAAMAZRE 3.0, 5.0, 7.5 F 10.0 mL, FERHE
(gmL) N 1:3, 1:5, 1:7.5 F1 1:10 W5 A 25 5% 53 49 5 1] afig %<
HISEHE o 2RRR L 123 F1 105 B, A LB i P Y
AV ENE/NT 50%; 2OERE L 1:7.5 B, JETRE S
2 84% A 25 T HI IR 70%~120%; SRHE LR 1:10
B, ZEFURE G R 25 I N A 74.3%~120.3%31E [
P DR, AR BT P A A R 5 4R BRI RR E
1:10 (g:mL),
2,12 RBUER 0k

HMAE R & O SRR, EREIUERT S E
HX R ZBR 250 RAFH RSN, 075 % B UTIE & 1
HIvERE, IS EMLTIE . ZAEVE i ey ), XA S
RSB B sk, H B e DTTE K T 8 RS 4 2
BB VR A T T A R R S LA A ML T R SE 4, F IR Z
AN RE T M NG B 2R 4, fhAE R s R A 4] R
WEEEOREL, EETHOE . Bl W, 2&R2
Bt 0.1% R - I A 42 300 790 % [R]— Al A6 A 5 AT I
RbE, R BURE R ERIBOR MY B 6 P BRI, AR K
EREMOR R, R, JEM 0.1%L -8
ik, BRSO, W RRL LER b ARt
PR, BT YA, HER 20 32 Bt [0
BAE 70%~110% MG PR R Z . 455, OGN
PRI AT I 825256
213 ALK A R Fa R B0 R

SEHGHEH QUEChERS J5 ki) s P ARG B RS it 1 7



LERE Ul

P, % QUEChERS-j 5 R0BAR (1 - FR IR ST P4 Rl 5 i AE P 317 PR 25 5% B i 25

A BRAS, DNIMFEARTHxs BAR T4, &t
TR FERMED 0, RAE R | AR RS
FE, R e B PSA BT . B, T
e 3R & i RN g, (HL BT S A B s
8.5%%, AT AIREA S BB =38 14% . AR 1 A J
RIS B 1 55 5 G54 L B B 7S TU IS 1Y 43 T,
GCB XL BRI rE B, iR imA GCB
AT LABF W B AT o el A8 Ay v i i 0 5 S ARG, A
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250 ™ <70% m 70%~90% = 90%~110% = >110%

212
. 200F gy 179 149
& 150} 146 153
= 112 114
5 100 87
g 69
¥ 36 26
50 24
16/ 15 12 15 1288 10 24

AFERIHE

¥ O~G319150 mg PSA . 150 mg PSA+150 mg Cys. 150 mg PSA+
150 mg Cs+15 mg GCB. 150 mg PSA+15 mg GCB .
300 mg PSA+300 mg C,3+150 mg GCB,
L AN AR ZX TR ik B0 20 /LA 2590 B A i [l
&g

Fig.1 Recovery rate distribution of different purification systems for
pesticides added at a concentration of 20 pg/L

AHIE 5T 25 58T A [ Ak 390 1 b 28 R I = oA 24 5%
B EBR BT e D E R 2, 4Bk 150 mg PSA.
150 mg PSA+150 mg C;g. 150 mg PSA+150 mg Cg+15 mg GCB.
150 mg PSA+15 mg GCB. 300 mg PSA+300 mg Cy3+150 mg
GCB 5 Al X} CNERBOR A T LR 24 Ab 3, 52 R —
IR HE (20 pg/L) R 317 Rl 25 Y R 2 57, 55
b Z 0 F Al AR S B BUR DL ARCR B B, 5 ks
AT S BRI bascl, (HRE 1 A 317 Bl 259 o
FIINFR BISCR AT E R E, Wb RIS, W R
TR R e S ML AR 24 | R ER 4G BRZS SR A 2 A S P iy Tl
IR o FLIRW], HXTAPERR I A T I AR R 404
ARy, ¥EFE 150 mg PSA+15 mg GCB ¥k 2=l LA%E
1358 Z2 H AR B s A A0 IS
22 &I FUERMHMMRK
22,1 RABEFHAEFLIHAAIK SR LF

oL 317 FRZGIR G PR ER I TE ZORBAX RRHD
SB-C5 (2.1 mmx150 mm, 1.8 um)#l ACQUITY UPLC HSS
T3 (2.1 mmx100 mm, 1.8 pum)aigtl FRBRCR, @it
SERG A, 2 RS A s A S R DASEER 317 Fh A 25 Y
ARy e, 15 ACQUITY UPLC HSS T3 #: LA B4R,

T R R A O R U, A AR 2 2R B . LR
R FT#E& ACQUITY UPLC HSS T3 Bl Jeikfy T3 # 4
FORIR S THAL, BGE TIE MR e, MERWEERoA
Bfr T XA A A R AR B8, 5 4K AR sh AR M8,
SR 5 AR Ak A AR R D A S LA SR AR R I

TR BN A E A B BRI R, BENI B
A G e 1 A5 AT 9 52 2 AN RD B, AS B o T Y
LU 6 FHT U B e 4 e 0 S B 5 A W sl e e B
AR NAE . FEIE B PR, A E P R
AHER TR A BARE S Y0 B LR, DA i I 503
Waen N (E 2 ASBIF S L S0, BERK (2 mmol/L R
EZ I 0.01% FF R ) AN FF (2 2 mmol/L F R4 A1 0.01% H R)
Ve hAl, RS EE Ve =03 1), 30 min W] 58K
317 B BARPI I 5047
222 FEEHHA

FE i B A 50 pe/L 1Y 317 Rk 25 1R AR
£ MS1 Scan BT AR A 54T — ST, @
AL HEFL B R AR A A R0 A 25 BLAT B = W A5 55 IR B BS 7
1€ Daughter Scan B3 F X &L F T Z TS 87, 4L
RiEfERE L, EPEN N (F B Bk B A F P BIE e =
BEFREEE T TR AL B R B B R AT S5
3R 2.
23 FEEER
231 AR

FE JRUANON 3 B AERE i e AR R B, SR 4y
M SR B MERR PR T S0, 5 BRIy 5 R i e i
o AL RIS | AN [ A4 5 35 T 194 35k 0500y A AH [,
FH TN 1) A o) 58 B =( 35 SO M VA VAR D 06 T /3 70 o
HER A VETAIAR) x 100% 6

T AEAE S T B B A%, ASF 92 38 4 43 i1) B ol ot
HeJ¥ N 2.0, 5.0, 10.0, 20.0, 50.0, 100.0 1 200.0 pg/L
B 317 R 23R A AR E IR 25 A A A AE 2R 5 R 5B
WV, FALINGE, B FRUN i sgm . 255 R, 317
REYFRIA R R AL r KT 0.995, FWATE 2.0~200.0 pg/L
T P i AR B BT i & B B RIF IR R R,
FLA AR LT A 240 Pl BUAE A 559 BE TR (/M T 20%)
37 FAEAE T A5 TR (20%~50%) | 40 T A7 3 i JB 0 g
M CRT 50%). AT T8, SR AEEmbm i i 2k
K 5 B3 5 A3 N T R 1) S
232 EEMR., DR EFMARERE

BIRAEES MBS IAR 0.002 mg/kg HIMEE FiEfT
W5E, LUSMELLSNYN 3 110 ISR HEAG PR A E IR, B
TR PRG . REER | TR R P | LSRR . SRR
Jiig . PP R | DR R ) W X R BE S A £ 1
/NVF 10 (RT3, ARSI BTAR MR B R 2 M 55 %
AR e 353 K F 10, R & e E 2Rk 0.002~
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0.010 mg/kg, HIFFE FEPNAMNERI ST A 255% 51 BR A 2R

h % BTkl A, 4y 3K K (0.01 mg/kg) . H
(0.05 mg/kg). =5(0.08 mg/kg) 3 A [FIHk K- By AR 2R
A BRI RS N E) 28 FURAERE & R alE A Tnps [ S 3o
BT 6 YOFAT, Z53FRM, MhELTh 317 Fifk
25 e LR IMBR AT T R IR EE AR 74.3%~120.3%31 I
W, #H XF FR 4E s 2= (relative standard deviation, RSD) 7£
0.36%~10.00%, %% )5 i B MERG : IS 2 R R Ak 2 2
R A A BT 2R
2.4 LFREFEEAT

Xt VD R FPR X IR 8% T 36 AMFPIE, SRET
36 AMHAERE S A TRE I 48T, FAHE SR Ay, o s
WIRZ AR 2y FBATHE e . 2w . BT R . Rk
Rk SRR AE, HR R R TR RIREAR Y, B VIR A T A%
SRR AE I R A K2 R AR 2y . B AR 2
A A T4 5 2 AR — 3028 XSS ARG T 1 B 51
REF AR DTG I, S 8 4 b v s A A 19
WH, EREARTGE 36 U FESh PR

3 4
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UPLC-MS/MS, 57 TAlifEH 317 Rl 25k 88 i Pk Il
IEE 317 MR 254k S WTE 2.0~200.0 pg/L 52k e B 10 BT A
Lk RAF, HIXREr>0.995, &EFRK 0.002~0.010 mg/kg,
AR . R 3 AR K A N R TR i R
74.3%~120.3%, RSD 7E 0.36%~10.00%, 1BIA 75 PR ab 38
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