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Determination of nitrofuran metabolites in aquatic products by high performance liquid
chromatography tandem mass spectrometry with solid phase extraction
CHEN Jian-gang, BAI Yan-ling, LIANG Su-dan, HU Xiao-ling, ZHANG Yan
(Zhuhai Center for Disease Control and Prevention, Guangdong Zhuhai 519000, China)

Abstract; Objective
(AMOZ) , furaltadone (SEM) , nitrofurazone ( AHD) and furazolidone ( AOZ) in aquatic products was developed by solid-

The method for determination of metabolites of four nitrofuran antibiotics, nitrofurantoin

phase extraction coupled with liquid chromatography tandem mass spectrometry ( LC-MS/MS). Methods Samples with
isotope internal standard solutions were hydrolyzed by HCI and derivatized with 2-nitrobenzaldehyde. The analytes were
cleaned up on HLB solid-phase column and eluted with ethyl acetate, then evaporated and dried with nitrogen gas. The

extract components were separated and gradient eluted on a XTerra ® C column with acetonitrile-5 mmol/L ammonium
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acetate of 0. 1% formic acid solutions ion, and simultaneously quantified by the isotope internal standard operating in
positive ion under multiple reactions monitoring mode. Results The limits of quantification ranged from 0. 10 wg/kg to
0.30 wg/kg for four nitrofuran metabolites. The standard curves were linear in the range of 0.5-25 pg/kg, with the
91.0% -

110.3% , 85.0% -111.4% , 88. 0% -108. 2% respectively, and their relative standard deviation varied between 2. 7% and

correlation coefficients > 0.995. The average recoveries for nitrofuran metabolites were 81.0% -104. 8% ,

14.5% . The method was applied to analyze 180 fish samples from Guangdong region, four of which were confirmed to
contain AOZ ranging from 1.3 to 3. 6 png/kg. Conclusion The method developed was selective, sensitive and accurate,
completely suitable for nitrofuran metabolites trace analysis in aquatic products.

Key words: Liuid chromatography tandem mass spectrometry; nitrofuran metabolites; solid phase extraction; aquatic
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AZE 1 mlERdE BRI, S 0.22 wm G AL IE
[ Z [ ke /N AR
1.2.2 FRufEw W il &

i 5 1 e A 0 B A A W (1.0 mg/ml) ;7
B FREUE B AMOZ SEM. HC1 AHD. HCI }% AOZ,
FH B2V A 0 23 S E G 1. 0 mg/ml B b5 i 45 W, 4 C
WG ORAE IR G AR ME P BRI W (1.0 pg/ml) :
1.0 mg/ mlfif K& Wk i £ 351 ) R il 25 W] HY B 328 2
Wi BEA 1.0 weg/ml BYYR G bR M H ] 5 i 5 ok i £
WYR & N bR i A W (10 peg/ml) - o B PR IBCE
AMOZ-D5 SEM-"C"N,. HCl ,AOZ-D4 , [ HI [ s fif
FE43 B 1.0 mg/ml AR BLAR W, DA H 45 T B
50 pl,fimA 100 pwg/ml AHD-"C, % 500 wpl, ] H
BB M BN 10 we/ml IR A AR & W TR & N b
HEAE (0.2 pg/ml) o 10 pg/ml i 5 wk e X, 354
YR A NP2 DA BB R 0.2 pg/ml B G W
T o ) VA
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{03 24 . R ] Waters XTerra® MS C,q {035
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0.20 ml/min, #: & 40 C ,#EAEE 10 wl,

#1 BERBERF

Table 1  Gradient elution program for HPLC
BHil/min - ZJE/% 5 mmol/L NH,AC [ 0. 19% [ iV i/ %
0 10 90
7.0 90 10
11.0 90 10
11.1 10 90
20.0 10 90

FT i S IE B T LM 25 (EST + ) A0, B 4048
L 3.5 kV, 25 R 5.0 V, S A e K 0.4 V,
B IR B 120 °C, R VAL 350 C, BRI
Wi 650 L/h, #E L AW & 50 L/h, fif 8 % & )
3.6 x 107" mbar (Ar) , Z Jz i W5 I ( MRM) £ 2 46
M, AMOZ,SEM ., AHD , AOZ J H W 45 17 4= 91 19
MRM 7 #r S50 3% 2,

12,4 PobprifE 2l &

i Sk g AR R A AR E AW (1.0 g/
ml) FHFEE-ZK (121, V/V) B WR BERC i 1. 0.2, 0
5.0.10.0.20.0 F150.0 wg/L BIE S b5 EZR S TAE
WA 50l i 5wk g £ 15 0 TR A N A v D T
(0.2 wg/ml) 3 HE 1. 2.1 Fl 1. 2.3 J5 vk E4T R A0 31
IR 2 , LA DU 5 5 P9 A 4 1 06 1T AR 22 B R
YNAB AR, X R 11 % 7 VR I VA R Ok B A A, 2 N
A v 2%

F 2 ARk QA A W B 4 BT S 8L
Table 2 MRM analytical parameters for derivatives of

nitrofuran metabolites

waw {%?ﬁﬁj BT/ FET/ HIlh il 1% Ag
[B]/min  (m/z) (m/z) J&/V H/eV
AMOZ 7. 64 334.9 291.0° 19 10
261.9 19 15
AMOZ-D5 7.59 340.0 265.0" 19 12
SEM 8.85 208.9 165.9* 20 12
191.9 20 13
SEM-BCN,  8.83  211.9 167.9 20 13
AHD 9. 00 248.9 133.9* 22 16
177.9 22 17
AHD-PC, 8.97 2519 133.9 30 24
AOZ 9. 46 235.9 133.9* 22 27
103.9 22 13
AOZ-D4 9.43 239.9 133.9 20 16
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Chromatogram of a blank fish spiked with 5. 0 pg/kg mixed nitrofuran metabolite standards
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235.9. BRJG LA A B REE T T B T 7
BEAT G TE A4 2, 4R 2 R A X iR 0
ANEFOERE R, DARE B R B 2 T T
X, A8 22 SO I ( MRMD) 55T X H s ) 2847 7 1
RE I o e AR A5 G T PR IS X m/

2 NP_AMOZ MS
100

_MS 1(0.020)

261 .80

AR EBE/%
|

249.46
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] 26155\ 262.18
20356 213.38 22881 24108 ) X 6577 27899
Lid & T T T} L T T Lk T | T rerxys L3 ] | LA T LLJ LELLS |

2334.9/291.0 .m/z 208.9/165.9 ;m/z 248.9/133.9
Fl m/z235.9/133.9 43 5 F AMOZ SEM AHD %
AOZ 17 & 43 B, e B 7 X W A F % Bl @ % 4
Mro WE 2 K AMOZ ) — 9% Ji 1% [/, m/z 291.0
ERE T, m/z 261.9 Rk, Lk B A
BT HEAL R 9 0E R L T L RIE 9E AE S L A
AU VB T URIR 2 R AR S B AL AR
WG IS S8, AMOZ SEM (AHD & AOZ fii =9
49 M0 5 XoF e TR B A R, AR S AR AR S B T
BRI 1. 2.3 TS A&
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291,.02 1.80e5

33498
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Figure 2 Mass spectra of AMOZ

2.5 MG R MK R
O3 B BC i — ZR VbR e TARVE W, AT A AR IR ek
Jo L AEAIE ST 04 35 A BT 25 18 T 254700 5E , AMOZ |
SEM . AHD K AOZ 15491 0.5 ~ 25 wg/kg W T
BN LM RECR 4F,r >0.998, Ty ik i BR (LOD) LA
3 M5 15 ML A B, AMOZ ., AHD 9 K& R 45 K
0.09 wg/kg,SEM (AOZ 4 H BR 4 0. 03 pg/kg; LU
10 AP R MR L 33507 2 /R (LOQ) , AMOZ (AHD 1)
Fa R4 0.30 weg/kg,SEM (AOZ 34 0. 10 pg/kg,
ART5 2 1 d I 2 BRI T B AR B R A R
(0.50 pg/kg) , ITIELIERR SR ILEE 3,
3 TRaSHEIRR
Table 3 Linear equation and limit of detection

Krth R/ bR/

& EiWE LIPSE (n/ke) (pe/ke)
AMOZ  y=0.055371x +0.014367 r=0.9995 0.09 0.30
SEM  y=0.081710x +0.12325 r=0.9977 0.03 0. 10
AHD  y=0.098672x +0.099317 r=0.9996 0.09 0.30
AOZ  y=0.089617x +0.089296 r=0.9992 0.03 0.10

SEM \AHD [z AOZ A4y i [mI e 73 551 Oy 81. 0% ~
104.8% . 91.0% ~ 110.3% , 85.0% ~ 111.4% %
88.0%~ 108.2% ;5 5 ZHAE 2. T% ~ 14.5% . 7 ¥
£ [T Wi 2 15 2 3 52 4 T LA AR ] P9 Ah A G s HL
2R A R AR 4,

Fa TR RN KO LN E AR (n = 6)

Table 4  The results of recoveries and precisions

e IFRAKSE, R A, R, AR REY
(ng/kg) (pg/kg) % %

AMOZ 1.0 0. 81 81.0 14.5
5.0 5.24 104. 8 12.2
20.0 18. 68 93.4 7.6
1.0 0.91 91.0 5.3
SEM 5.0 5. 44 108. 8 6.8
20.0 22.06 110.3 5.4
1.0 0. 85 85.0 6.5
AHD 5.0 5.33 106. 5 7.3
20.0 22.28 111. 4 4.9
1.0 0.88 88.0 5.0
AOZ 5.0 5.41 108. 2 2.7
20.0 19.98 99.9 4.5

2.6 7k IR AR 5

15 2 g 25 FA R T 2 IR I 100 g/ L 4 Ff il 3
g A% 13 4 IR A bR E A W 20,100,400 pl Al
200 g/ LA Kk i A 35 918 & bR R 50 pl, 4
Fofo g 5 ke meg A 3 W 1 VR I K SF 43 il ol 1.0.5.0,
20. 0 wg/ kg, VS A A KL ke A 4 DN A VR EE 24
10 /L, 4% 1. 2.1 il 5 FF S 8 W, A AR 7K SF-F
AP AE 6 IR, % 52 J7 15 1 IS S8 FIKE %% B . AMOZ |

2.7 KEARINE
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