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ABSTRACT: Objective To develop a rapid method for the determination of nitrofuran metabolites in aquatic
products based on chitosan purification combined with ultra performance liquid chromatography and triple
quadrupole/composite linear ion trap mass spectrometer. Methods The samples were hydrolyzed by hydrochloric
acid, derived by 2-nitrobenzaldehyde, extracted by ethyl acetate, rapidly purified by chitosan, and then concentrated
and redissolved. Rapid separation was achieved by ultra performance liquid chromatography, measured by triple
quadrupole/composite linear ion trap mass spectrometer, and quantified by internal standard method to achieve the
rapid and accurate determination of nitrofuran metabolites residues in aquatic products. Results The 4 kinds of
nitrofuran metabolites had a good linear relationship in the concentration range of 0.5-10.0 pg/L, the correlation
coefficients were all more than 0.998, and the limit of quantification was 0.5 pg/kg. Taking carp, Scophthalmus
maximus and Litopenaeus vannamei as samples, the average recovery of 4 kinds of nitrofuran metabolites at 3
different addition levels was 96.5%—116.5%, the intra-day relative standard deviation was 2.2%-9.3%, and the
intra-day relative standard deviation was 2.7%-9.7%. Conclusion The method is economical, simple, efficient,
sensitive and reproducible, and can be used as a routine method for the determination of 4 kinds of nitrofuran
metabolites in aquatic products.

KEY WORDS: chitosan; aquatic products; nitrofuran metabolites; ultra performance liquid chromatography-

quadrupole linear ion trap-mass spectrometry
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Table 1 Gradient elution procedure

At ] /min i /(mL/min) Al% B/%
0 0.35 90.0 10.0
6.00 0.35 10.0 90.0
9.00 0.35 10.0 90.0
9.10 0.35 90.0 10.0
11.00 0.35 90.0 10.0

SR FH RIS 557 B - VRTE I 8 A U R B AT, G
WLy 22 SO e =X, B IR AR IR S 24 B
T 650.0 °C; B FAbHLE: 5.5 kV; A< 30.0 psi; %
1S 60.0 psi; BN 55.0 psio 4 FhAYELMEmE LA HI7E
22 B0 W A 2 ) S S O LR 2.

R2 A TREERRIE AR B AR S & R A
B TR FISENS %
Table 2 Mass spectrometry detection parameters of 4 kinds of
nitrofuran metabolites and their internal standards in multiple
reaction monitoring mode

e e ST BT RiESRRR

/min  EF(M2) (m/z) /eV

SEM 2.6 2092 166.27,192.1 14,16

AOZ 2.5 236.1  133.97,103.9 17, 31

AHD 23 2492  134.17,104.1 17,27

AMOZ 3.3 3352 291.17,262.2 17,23
SEM-"C-"N, - 212.1 168.0 14
AOZ-D, - 240.1 134.0 17
AHD-"C; - 252.0 134.0 17
AMOZ-Ds - 340.4 296.2 17

T T REBIR S LR BB H T .

1.2.4 HSHaTaE

(LK ff Ffii A=Ak

B—37 50 mL 250048, HEFRARI I 2.0 g FESL,
A 0.05 mL IRA AR TR (100 pg/L), IWIEREH5.
Bt 5 2 A 5.0 mL £ E2(0.2 mol/L)Fl 0.15 mL 2-ff KHE
F R (0.05 mol/L), IRFEIR& E085) . Bk
B TR IR AR 25 OKIRL 37 °C) N HRDGIR Y SR 16 h
(A s AR LA 1),

Q)R BA b1 7

BURE.OERIERE, A 1.0 mol/L B2 4
15 mL J8%& pH & 7.0~7.5, BEJFIA 8 mL Z 2 ZEE IR ENR
% 1 min, 6000 r/min &.L> 5 min, B EFRIMAZE 15 mL 5
O, FEIA 1.2 g JOKBRRREN LA 2 80 mg 72 FAMIATE 1 min,
Fif5 8000 r/min E5.0» 10 min IHG & RAAGEFE S 10 mL B
D, 40 CCRAEMRET, A 1 mL 5% P KB RIE TE
Y, 33 0.22 pm JEME EHLEGI,
1.2.5 Ao v &A1

KW B RRR A PE TAEER L 5155 10.0 ng/mL
PIK 100.0 ng/mL JR-AFRME TAERR, BiHlS2 iz
0.5, 1.0, 2.0, 5.0 fl 10.0 ng/mL [ RANFFUEVRR, AN
SERAR S FUR IS T LA BRAN, AR SLIR A Tt 1.2.4 3F
TTATALBRBRAE, $2 1.2.3 ZRAFUEATRIN, R AR T il i
PrRUERT 42 -
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Fig.1 Derivation process of 4 kinds of nitrofuran metabolites
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Fig.2 Comparison diagram of carp spiked samples treated with
different quality chitosan (10 ug/kg)
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Fig.3 Comparison diagram of carp spiked samples treated with
different mass of chitosan sodium sulfate (10 pg/kg)
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55, DAPRTIERE Sb 7EAG I I v 8 7E — o R PN 1A [) A5 A
AT UL S BT S A T IR B R I A, B PR SE IS RAEA
[Fi] v 8 31 [l T A9 B0 S T HE o B A X B 7B D 25 (relative
standard deviations, RSDs)fF h1i% 7 1 8 2 PR i i b o
FEA PR BE T AR SR 6 AN FAT, TR R K&
RSDs. Z5HANFE 4 PR, 3 DRI EKE T, 4 Fifgsink
2SR A2 TR g 96.5%~116.5%, H N RSDs 4
2.2%~9.3%, H A RSDs 2 2.7%~9.7%. MBI 7 1
Ry o TE 0 8 e FL R Ak R AT, R 8 K™ dhrh 4
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Table 3 Linear regression equation and limit of quantitation of
4 Kinds of nitrofuran metabolites

A 2Rk MR i
sl EYEpp
/(ng/L) () /(nglkg)

Y=0.29683X+0.01936  0.99964 0.5
Y=0.23747X+0.00523  0.99875 0.5
Y=0.32279X-0.00140  0.99977 0.5
Y=0.38553X+0.01646 0.99937 0.5

SEM 0.5~10.0
AOZ 0.5~10.0
AHD 0.5~10.0
AMOZ

0.5~10.0

F4 kFEme 4 TREEKIE 2R SR UL FD RSDs (n=6)
Table 4 Recoveries and RSDs of 4 kinds of nitrofuran
metabolites in aquatic products (N=6)

KRes Loy BIKE EHEeE HI HN

/(ng/kg) /% RSDs/% RSDs/%
0.5 115.9 7.7 9.3
AOZ 2.0 116.3 9.5 8.7
10.0 116.5 3.8 4.5
0.5 100.5 3.2 2.7
AMOZ 2.0 102.6 32 25
Wi 10.0 99.3 3.5 3.6
0.5 104.1 4.8 6.4
AHD 2.0 104.4 52 22
10.0 102.0 42 4.5
0.5 105.9 9.7 9.1
SEM 2.0 102.6 5.1 5.9
10.0 98.6 53 9.1
0.5 99.3 6.4 8.0
FEXEF A0Z 2.0 106.4 8.1 5.0
10.0 104.3 7.7 5.5
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/(pg/kg) /% RSDs/% RSDs/%
0.5 96.5 9.4 8.5
AMOZ 2.0 97.2 2.8 2.7
10.0 98.0 3.9 2.6
0.5 103.8 6.0 5.9
[EIERSEINNG b 2.0 107.9 3.7 49
10.0 105.6 3.6 26
0.5 99.5 7.4 6.1
SEM 2.0 103.7 4.3 5.4
10.0 99.9 2.7 25
0.5 102.3 7.2 6.3
AOZ 2.0 105.4 5.9 7.4
10.0 104.9 5.7 4.6
0.5 101.2 3.7 4.3
AMOZ 2.0 100.4 4.7 5.8
. 10.0 98.7 4.0 28
Kb 0.5 104.8 5.8 6.4
AHD 2.0 100.6 4.6 5.2
10.0 102.6 42 4.6
0.5 101.3 6.3 5.8
SEM 2.0 100.5 4.4 45
10.0 98.6 3.6 3.3
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