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Abstract: In this study, chromatographic and mass spectrometry conditions, sample cleanup and extraction,
composition and ratio of salt and purifiers were optimized, which established a high-throughput screening
method for 11 plant growth regulators and 79 antibiotic drugs in sprout vegetables by ultra performance

liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Samples were extracted by 1%
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acetonitrile-EDTA-mcllvaine buffer solution, purified by QUEChERS, and separated by ACQUITY UPLC

HSS T3 column with gradient elution. Electrospray positive and negative ion mode was used in

multi-reaction monitoring mode, and matrix curve external standard method was used to quantify. The limits

of quantitation of 90 compounds were in the range of 0.1~15.4 pg/kg. The average recoveries were in the

range of 42.2%~138.6% with relative standard deviations lower than 17.2%. In this study, simultaneous, rapid

and high-throughput screening and detection of 90 high-risk substances in sprout vegetables were established,

which is conducive to a more full understanding of the quality and safety problems of sprout vegetables.

Key words. ultra performance liquid chromatography-tandem mass spectrometry; screening; sprout

vegetables; plant growth regulators; antibiotics
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afi ). REOEFAR; FER . BREA M. &
THEVI TR AN TOKEREREN . TTK CEREN . R
R Copral ). AR SEs s Kl
— oK & E B PO A Milli-Q #BAli/K R 48 A .

N-NFE 2~ ( primary secondary amine, PSA ),
f1 24k ik 2 ( graphitized carbon black, GCB ), |
J\JE s A R (octadecylsilane, C18): Kifti#
Y AIRBHA PR 7 ; GHP 413 d i85 0.22 pm ):
e H B RA BR A

60 MR T2, EAZF . BT M NSE
Wiy, s T RZE A T
12 UE5EE
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1, TCHLmE% B 1R (electron spray ionization,
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(2.1 mmx100 mm, 1.8 pm); FshHH A: 0.01%H
FRKHE(V = V), B: FIEE; BEEEVEBAET : 0~1 min,
5% Bj; 1~9 min, 5%~30% B; 9~18 min, 30%~95%
B; 18~20 min, 95% B; 20~20.1 min, 95% B~5%
B; 20.1~23 min, 5% B; ¥tk 0.35 mL/min; #:{
40 °C; #HFE S pL.

Brig &k ESI, 1E. B B
M 500 °C; WiZFHE 4500V (B FE N
—4 500 V); SATSES 275.8 kPa; FALSIES
344.8 kPa; fiBIZ L ET) 344.8 kPa; HAZF

W1,

F 1 HFAMRE LR ERWIZIT
Tablel Optimization experiment design of

composition and ratio of purifier mg
e U RIENES

PSA C18 GCB
1 150 150 15
2 100 100 5
3 0 50 0
4 150 100 0
5 100 50 15
6 0 150 5
7 150 50 5
8 100 150 0
9 0 100 15

1.3.2 HEAHTAL B
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PIBs VIR S ST AL B, 20 ~ —16 °Ci3 ¥k
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F 50 mL B0, A 10 mL 2R [1%H R 2
i : EDTA-Mcllvaine ZZ AWK (0.1 mol/L, pH 4.0+
0.1)4 : 1(V : V)], @A EEH 10 min, ) 8 000 r/min
.0 Smin, FB LIERTH—E08F, A 4dg
TOKBRIREN 1 g ToK LFREN . 100 mg PSA Fi1 150 mg
C18, JiEia 30s, LL 8000 r/min &> 5 min,
B ETRIEERE T, 176 45 CTRARMG 2T,
AEFINA 1 mL 0.1%H KB HK-HEE1: 4 (V-
V) B, i 0.22 um JERE, {iE UPLC-MS/MS
M 7E .
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il TRIPLE QUAD 4500 8 /& &0 i A £4, 3% —
T I FH A 7 AL PR Analyst Software 1.7
AbPRELE , I WPS il Al Origin 8.0 £/,

2 HRE5HW

21 BEEGRL

AR5 2238l ACQUITY UPLC BEH Cl18
(2.1 mmx100 mm, 1.7 um) fl ACQUITY UPLC
HSS T3 (2.1 mmx100 mm, 1.8 pm) {A3%kE%f 90
AL AP T o0 S, 4 PSR R P AE BT A
AR AR I U R B DA T X R M 25 g ) A
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Fig.1 Extracted ion chromatogram (XIC) of 90 compounds
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Fig.2 Recovery of typical compounds——Optimization
of sample cleanup (n=3)
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Fig.3 Recovery of typical compounds——Optimization of
sample extraction (n=3)
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Fig.4 Recovery of typical compounds——Optimization
of dehydrating agent (n=3)
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etk R AR R A s v TR Sk e
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Wk, WAL SR ILIE 5, 45REKM,
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Fig.5 Recovery of typical compounds——Optimization
of the composition and ratio of water purifier (n=3)
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Fig.6 Matrix effect of typical compounds (n=3)
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AWITE 1, 2. 5~100 pg/L ¥R T R N et R4
LOQ ¥ /K P12 IR G L 37.1%~137.3%,
FXF AR 22 29/ T 14.9%; 2 % LOQ e i 7K F-
SE 14 [N R R R 36.4%~135.2% , A X bR i i 22
T 3%~18.6%; 10 fif LOQ #¢ /K- [l i
FKILEA 45.3%~129.1%, FHXHBRE i 2 75 Bl A
0.2%~ 17.1%. LOQ /K -0}, FHRIeRS
T 60%~ 120%Z ML EWA 67 A4, FIEL
RET 120% (121.0%~137.3% ) A 4 4, H
3AHRIANEEIAER. | MRHAEREDAE
%, FHEBCRIT 60% (37.1%~58.7%) A

194>, H 14 AR Pl R | 3 A iR
KhiAR. 2 PAMARETAR, X TECE
BT 120%8 8T 60%MLaY, TESLhRiA
wAR, EBCRHMNE I EE AR, i
515 8 DU R s [l i e 1 i) = DA B i A
IERRE 5 D764 H FRAE 0.04~4.6 pg/kg 3 Bl ;
F B RIRAE 0.1~15.4 pg/keg JaFEK, kR
B SHRAE RIS PR 1~60 pg/kg E PR 2~10 pg/kg
( BJS 201703, DB34/T 2821—2017 . SZTT/SATA
08—2018, T/ZACA 021—2020 ) FEARFEF (% 3),
AR E K

®3 AAESHREFTENLER
Table3 Comparison of the proposed method with standard methods

ey _ K R /(ng/kg) _ E R /(ng/kg)
bR E N7 bR ENIRZS
FE A= A T3 7 5%, 10~60°  0.04~0.8 10 0.1~2.8
il FE ke A4 Ak % 1.0¢ 0.04~0.8 2.0¢ 0.1~2.6
0.1~2.4( it 1.0 v A 0.3~8.0 (L 2.0 PV E . BiEd
MEE TR AE R 1.0 MEURAR . oK b B RO PH i 7D A 2.0 BLOMURER . R A L ek B v

TEZ R b R A )

WU BTES B e R )

. ZZhRUE a~d 23 BIS 201703, DB34/T 2821—2017. SZTT/SATA 08—2018 F11 T/ZACA 021—2020.,

2.4 SEERESNE

P S0 5 6 60 YR T B ZE SR AR (4R T
ZE204lbvk, EIGEF 19 LIk, BiE g 14 bk, 4B
AZE T M) FEATINE, AERAI: 1 R
ZER 4 HEUR Sk 2R AR E R (R L
5.30~168 pg/kg; 4 #HLUK ST 2K sk i B R mk
K B R R 10.7~139 pg/kg; 3 IR T ZEH 3
it R G R AR R, Kb E i FE Y
6.10~178 pg/kg; 1 LR B ZFH 1 #LIR SR EFG
WRGED AL, KHES AR 21.0 png/kg F136.3 ng/kg;
LR S B2 R v b & R B 15.5 pg/kg;
1 HEUCE TRk A, KBS 3.30 pg/ke;
1 LR E GZER 1 kG EZERH EH R, Kt
E 535004 15.1 pg/kg £ 59.7 pg/kg; HAth3wi H 1y
KA . BEAl, R A BRAE A —HERE i A 2
HARBAT GO, o, 1 HERGE T 2R 4 HER
L% 15 2 [ B A R e FH R R AR E , AR
WE R e R, WA A IR F S R & P BT
PR s 1 Lk B 2 R s AR ) FR A s R R P

B, RS ARG R 3.30 pg/kg, AHERRIE
AP IR AR B

3 #it

ASHIE T R BUA s 1 BRI 7 ik A7 A A ARG
LA — RIS B TR, S A 5
M2, TR H B2 AR, ST 2R
FRE A 90 bRy KU B A (R I | PR | ey e
it AL ARSI, B v AN AR R, 2SI Y P ] A
A, S AN A B RO e, AR T
FET L TR ZF G SR Y R 2 A )

S 30K

(11 BIU, =P, Bdeds, % Wi B S S aiva ).
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