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Determination of nitrofuran metabolites in aquatic product by UPLC-MS/MS

WANG Yue, YIN Yanjie, ZHAO Dan, DONG Haitian, WANG Peng, TIAN liyue
(Harbin Food and Drug Inspection and Testing Center, Harbin 150001, China)

Abstract A method for the determination of the four metabolites furazolidone, furaltadone, furantoin and furacilin in
aquatic products by ultra performance liquid chromatography—tandem mass spectrometry(UPLC-MS / MS) was developed.
Samples were washed by methanol, ethanol and ether for derivatization and purified by Oasis HLB solid phase extraction
column, and then detected in MRM mode via positive electrospray ionization(ESI"). After optimization of instrument
operating conditions, four kind of nitrofuran metabolites had good linear relationship in the range of 0.1-10 ng / mL,
the correlation coefficients were 0.999 6-0.999 9, the detection limits were all 0.05 pg/kg. The relative standard deviations
of determination results were 1.5%-4.2%(n=5), and the average recovery rates were 87.3%-94.5%. The method has good

precision and accuracy, and it is suitable for the determination of four metabolites furazolidone, furaltadone, furantoin and

furacilin in aquatic products at the same time.
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1 IERS
1.1 EZZAE LKA

R R AR i — AR IR RN T-Qs Y, SE[H]
IRFFHA AL

HL T R« Xs-105 B, Fi M gh 8 7

WHERAPL: XH-B &, 7T IR By 7 F oA BR
NP

FIKAL : HSC-12B B, K EefE WA A 7] 5

[#] A A5 B 5 . Vac Elut 12 8, 25 @ 250 R}
EFY/NGIE

7 T e AL : KQ-100DE AU, i1 b Ak b B4 1%
EY/NEIF

B0 AL TG16-ws AU, i b A SE S AL 2% T &
HIRAF

[EIAH#E B - Oasis HLB %Y, 28 E IR AN A

FE IR K 7 3% 7 o« HZS-HA B, M IR U5 T 7R 06
R AT KA RAF

Fr ¥ 5. AOZ (It 5 b 261430, 45 & K
99.7% ). AMOZ (4t 5 i 271625, 4l i °h 99.4% ).
AHD (4t 5 & C10203200, 4 J&F k 99.7% ).
SEM (4t 5 &y C16933500, 4ii &F 4 99.5% ), &
Dr.Ehrenstorfer 237 ;

PIARA) T+ 1O MR AR ) P B 40 ( AOZ-D4 it 54
281527, 4li A 99.6% ). WK IR & T A AR ) ( AMOZ—
D5, 4tt5 4 262033, 4[5 99.5% ). Wk i Z X N bk
Y1 AHD-13C3, it 5 2~ C281634, 4l [ 41 99.7% ).
W P AR AR ( SEM-13C—15N2, it 504 272413,
SR 99.0% ), s SEInRHE Ry AT BR A w5

HlE | 2Tk O - PS4l , f5E Merck 23l ;

CTE WREIR A A ER IR (2- AR I 3
AT FEEE . 45 R 99.0%, i FE 258 R AR F A
FRAF]

2- HFEAR AW : 8.0 ng/mL 5

S 7K A B 4tk .

1.2 #smitz

(1)YERE. FREUEES 2 g BT 50 mL B.045
B 15 mL H B, vk vk, 285 DL 8 000 1/ min 25
£ 10 min, 5+ A2 FIEWR, EE K A 15 mL
LB, VKIS VRV, 9% )5 L 8000 r/min 50> 10 min,
FERAH FIEW, B UG &SI 15 mL 27,
VKIS, SR G LA 8000 1/ min B5.0 10 min, F24
BB, R IR

(2) M. FEBLERER YN 10 pL 1A Ws
VS, TN 5 mL 0.1 mol / L R VAW & 1.0 mL 2-
Bl 2R F AR E TR & 2 min, BT 37°CHEIEK
WIRG A H LA 140 r/min 23% 16 h, B E R &,
A 1 mol /L WIWEFR S 4% W H 1 pH{EZ 7, VA
10000 r/ min &5.0> 10 min, B35 R AFH

(3) ¥fk. K JH Oasis HLB %Y [ AH 2% BUA: 5+
Ak, FE A AU 5 3 mL B AT 3 mL /K I 1k
H b3 b0 R A 3 A AR A IR, FE A 2
mL /min. JH 3 mL 7K .3 mL F Bk e B AHZE B ,
FH 5 mL 7% 1% A H SERUT SR - F (90 : 10 )
VRN E AR AR U, T 40°C R FHAS IR T, W iA 6
FEVRBIA 1 mL %67, 33 0.22 um JEME, L8 = R0
AT — AR IBE I A2 .

1.3 ARBEEIRBLA)

TR A RS 2 TR B 4 PP L0k I S bR D)
4% 10 mg T 10 mL s, I B i o f A e 2
bRk, B i % AOZ, AMOZ, AHD, SEM Jii f& He i
Y10 1 mg/ mL 8IS ARUERG AT W

1 SR AR HE T IR PR ERE A R R
B 10 pL 7 100 mL AT KRG B ARk, B il
BT 100 ng/ mL B 1 SRS PRERTR .

2 SIRAPRMEET: N 1 SR SARAER PR
BT mL T 10 mL &, KA BE AR, e il ssT
HUEEY S 10 ng/ mL 1 2 SR A FRUEA W

TR ARG IR T B 4 FPEY LIS AR
Ji4% 5 mg T 50 mL s, in B B A O R 2
PR, BCH BB M Y 0.1 mg/ mL I NFRIR S
EA VL

1BA AR : BONBRAE 5K 10 pL & 100
mL B, DK R B AR, il T B B2 1 10
ng/ mL [IRA NARAT -

RN B AR ME TR BUIHERE S 7 07, B
By R 2 g & 12 VEFESS, 43 5N 2 5 IR & bR ife
W 10,25,50,100 uL, 1 5 I8 A br 5 ) 25,50,
100 pL, FRANA 10 pL RGNS IR, Z 51 1.2 i
P ik, Bl AOZ, AMOZ, AHD, SEM Ji
VR BE 443 91 0.10,0.25,0.50,1.0,2.5,5.0,10.0
ng/ mL I RIS ARE TR
1.4 AETHEEH
141 HKAREE

34 : BEH Cjq #£( 100 mm x 2.1 mm, 1.7 pm,
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& [E WK FE A A 5 9 A 0.30 mL/min 5 A
40°C; RS wL s WalAH: A B 0.05% H
21 2 mmol / L LFREKES I, B oA B, 446 B R
PR 1,

R BEERER

] / min Wit/ (mL - min™") A/% B/%
0.00 0.30 70 30
6.00 0.30 50 50
7.00 0.30 50 50
7.10 0.30 70 30
9.00 0.30 70 30
142 Jiig

L 25 HL B Ju( BST) 5 1E B 44 2 R
MCMRM ) B2 BANAT LR : 3.00 kV 5 #EFLHL K
30V B SRR FE : 350°C; A S AR
700 L/h 5 EFLSARTIE: 150 L/h 5 ITREE T
{5 BA BSF () 0 2 JBE FE P, LA TR AR E . @ VRS T
X T HEFL R R Rl RE S AL 2,

F2 4 MKBRERE R RIS

oy SEMER X SERBTX LR AEERE

" (m/z) (m/z) JE/V  H/eV
236.13/134.02 11
AOZ 236.13 /104.05 236.13/134.02 28 20
AOZ-D4  240.06/134.05 240.06 /134.05 30 12
335.27/291.18 11
AMOZ 335.27/262.18 335.27/291.18 26 20
AMOZ-D5 340.23/296.24 340.23/296.24 34 11
249.10/134.05 9
AHD 249.10/104.03 249.10/134.05 32 2
AHD-13C3 251.90/134.03 251.90/134.03 28 15
209.02/166.08 14
SEM 209.02/192.07 209.02/166.08 30 9

SEM-13C—

15N2 212.12/168.09 212.12/168.09 30 11

2 #ER5ie
2.1 Bk s et

HRAE 5- FS LRI ) FEA SRR, >R FH IE B 1
(ESI') #9428, 23 % 4 Fhms Lk mg A H N An )
JR AT — GBS, i FEAL A B S
0, IF o A AR HE AL L R 5 3 e SRRl R A T
BT SR IR R e, BERR R
B R B AR e TS R E R T
22 Bk SARegAL

R 1R IR AE 15 g Sl A A R BT H AR Y
BERRCREm g REEIEE AT, B
Al DI s (AR R ELAN KRR TIAE I Sl AR
T AZE hER T LI S AL S AR (A R R R Ak
SO Hks g8, B E AR 0 e R 5, AR 52
55 A R 1Y) £ 1R — W BE R sl AR, 1SR FH 46 B

Vet , A AnT-Heise A REA 2000 , HOR PR EEUE
Jido DA RE VR RR e WL AR 1, DA HE BRI e
R AT R L 1.

5.10 4.17
AMOZ-D5 SEM-13C-15N2
m / z340.23,296.24 m/z212.12, 168.09
5.17 4.16
AMOZ
27,291.1 SEM
m/2335.27,291.18 m/ 2209.02, 192.07

AMOZ SEM

m/z335.27,262.18 m/ z209.02, 166.08

0 1 2 3 4 5 60 1 2 3 4 5 6
t/ min {1/ min

3.67

3.75

AHD-13C3
m /z251.90,134.03

AOZ-D4
m / z240.06, 134.05

3.80 3.66

AOZ AHD
m/z236.13,134.02 m / z249.10, 134.05

3.80 3.67

AOZ AHD
m /z236.13,104.05 m / z249.10, 104.03

6123456012/3_456
t/ min ¢/ min
BT 4RI SO AT A

23 B EAe kit

K R B S R B R
AR R 7k 22 R BOR AR IR R AR AR B, AR
AR OR SR A, FEZE G R rh, 2R R B %
PRAE I, FLAL™ 8, BARYIH e Ko A7 R A [
FHACIOT % , 2 P EARACEOR: , PRHCEAT KRR A 1L
LT i A R HA R 1 FLA, BRE R H AR
AR TP, kG B IR0, A 3 s [l
WCR, [ENCRR 87.3% ~94.5%
24 AR

Ao AT e JE R O T e R ™ T
o, ma A S5 S HER M LR RSO . FE VR
il — FRIR BT A b AR B B U 23 0 T i
P RAFURE G %8 B DL SR B 3 U i), AR SIE 56k
FESTINAR 9 7 v S AR e T AR 2, [RIB in ATR) A3z
RINBRYD , BEARIE A5 A5 M, B R A e 245 SR 1 1
Bk -
2.5 REMRIE

BUR R 3 AN [ R T B R A 3
PRSI Ty R AT KRR T 4°CTiCE 24 h SR
UCHEREST BT R4S AR B I e A, 4527
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UL 3. PR 3 AT, R AR TS I E 4G 4 R Y
AR R 1.1%~4.9%, 20 4 Rk 7e 24

h NESENE R4
*3 REMKBER

oy JETTIEAE / BCEJEMEN /AR /
H (ng-mL™") (ng - mL™) %
0.21 0.20 2.5
AOZ 0.95 0.93 1.1
4.86 4.70 1.7
0.20 0.18 49
AMOZ 1.03 0.97 3.0
4.98 5.03 0.5
0.18 0.19 2.7
SEM 0.92 0.87 2.8
4.71 4.56 1.7
0.27 0.25 3.9
AHD 0.99 1.07 39
5.07 4.82 2.6

2.6 WA R IRE 69k

K5 BAs a5 54 B A& 2 1E R
BRI LA DR S R 1R 25, B i B 2
SEIPIERAPE . ARHERIN ) 0 RS (s A 1)
AT RR 55 A DR o A e T BR300 A AT 800 1R 22 1
JE U] JHEE PR R EE . ARG AL TR A 4
Tk g AR () R B R 1 ng / mL B, %Rk g
PR XTI AU TR 55 HL AR X IO 1 JoT e R A
0.1 ng/ mL (% U 1 R T , 50PN B 0 1) I VA
e 0.1 ng/ mL, BIIAR A AR 10 uL.
2.7 ZMZ A KM ESE R

TE LA AL TARESAM e 1.3 Feilny RINR A
PRl TAEREWL, 235 LA 4 Foh4g 3 1o -5 P9 b i 1
B LUAE y M ARR, BT EE x AR A AR , 2 il br i
TAEMZE. F 0.1 ng/mL iEESERE MM, 1143 4 Fil
W45 e LY, $ IR S/ N=3 TG IR, 2oty
T M AHOCRE SRR LR 4, & 4 7]
I, 7E 0.1~10 ng / mL AY &M Bl P9, A 26 R 507E

0.9996~0.999 9 2 [a], £k PE 5 &R B U
R4 4 MRSEERREAN IR BT E X REUR G H R

Oy B M %E*ﬁf/) (*:f E/ :
AOZ »=0.5103x+0.0119 0.9999 0.1~10 0.05

AMOZ  y=0.605 7x-0.009 7 0.9998 0.1~10 0.05
AHD 1=0.418 6x+0.001 6 0.9997 0.1~10 0.05
SEM y=0.554 1x+0.011 0 0.9996 0.1~10 0.05

28 HEERE

XA it ) 4 g R ok g £ Qi B it R AT
TEL SR ILFE S, fR 5 RTA, 4 R g g
W 25 S AR X AR HEAR 250 1.5% ~4.2% (n=5), 1)L

W27 IR R AT AR B AT 2K
%5 HEEARER

a7 MEME / (ng - mL™) RSD /%
8.97,9.61,8.92,8.80,9.00 3.5
AOZ 4.93,4.85,4.81,4.65,4.56 3.2
0.92,0.86,0.84,0.92,0.91 4.2
8.87,9.09,9.05,8.94,9.06 1.5
AMOZ 4.85,4.71,4.67,4.78,4.78 1.9
0.91,0.91,0.89,0.87,0.88 2.0
9.17,9.45,8.91,8.72,8.97 3.1
SEM 4.56,4.69,4.40,4.37,4.32 3.5
0.93,0.90,0.92,0.87,0.92 2.7
9.25,9.34,8.99,8.79,8.85 2.7
AHD 4.50,4.87,4.57,4.78,4.65 3.2
0.92,0.86,0.93,0.89,0.87 3.5

2.9 mARE oK EE
FEZS H TP AAR RS S B AT R g, 2
B 0.1,1,10 ng/mL 3 N BEERR B AR i, [t
s LR 6.t 6 I, i 7 vk HoA B e
WL, RefE i AR I 2K
F6 MFEHBER

ashneE / MEM/ Bl /
N
et (ng - mL™") (ng - mL™) %
0.1 0.0889 88.9
AOZ 1 0.9340 93.4
10 9.4500 94.5
0.1 0.088 1 88.1
AMOZ 1 0.9070 90.7
10 0.9040 90.4
0.1 0.0904 90.4
SEM 1 0.9170 91.7
10 9.0800 90.8
0.1 0.0873 87.3
AHD 1 0.9040 90.4
10 8.9400 89.4
3 HiE

SR o AR (i — I BRI R /K 7 i
H PR PR Pl AT L R ot SR PR A I [ AR A BURE
ek, PR RSRUT SEmESEA TR, P RS IR 7
FPATHRIBUA b . I TR AT EE A6 BRAR, A
JE RS 3 LA R B A0 A 20K BB R T 3 BARYE
et P ik R 24 245 0 A G T M 42 0K, S A R T
0 B A IR 1 A S %
S 3k
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