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o oMyl xR mmm L R A2 X xEAe
(1. B AT DA M5B 421001; 2. I BRI Hd th.c, Y 518055)

B OE: By A7 DU bk M | R E I L R AR IR 2 AR e R AR AR B R R
AR 033 - B BT 1% (liquid chromatography-tandem mass spectrometry, LC-MS/MS)¥:il 5k, A3k RS A ImA
[0 R AR, 2RIk i S AR AN AR AT ZE, A pH R 7.240.2, LR BRHEHL, FWH4d, 1F ke 2
1k, GIEHS B, HmBEZ H 5 (electronic spray ion, ESI)IE & F £ )2 ¥ (multiple reaction monitoring, MRM)f&
A, RO R NP RAE . GRS FIIREmR I f QIS W A9 T vk E HBR O 0.1~0.2 pg/kg; J5 ik M2 LT i
H0.2~20 pglkg; HRRBIIKT 0.999; FHiEFHIBIE S 88.7%~112.1%, HXIRHEMZE R 3.9%~13.7%. hii
FHZ 7% 280 43 VU™ S AT 4G, Hovb 45 3 RE it AG T 1 & B AR A R R, Y FRIETE 0.21~1.86 pg/kg.
i Uy RMOER, G55 DU R e A po A

KB WA R RIRTUE L, ek Y, AR R, Ik

Determination of 5 nitrofuran metabolites in shellfish products by isotope
dilution liquid chromatography-tandem mass spectrometry

YANG Peng', LIU Gui-Hua®", CHEN Li-Li', ZHU Zhou?, LIU Hong-He?, YUAN Guan-Xiang®

(1. College of Public Health, University of South China, Hengyang 421001, China;
2. Shenzhen Center for Disease Control and prevention, Shenzhen 518055, China)

ABSTRACT: Objective To establish an analytical method for determination of furazolidone, furaltadone,
nitrofurazone, nitrofurantoin and nifursol metabolites in shellfish by isotope dilution liquid chromatography-tandem
mass spectrometry (LC-MS/MS). Methods Isotopic internal standards were added to the sample, which then were
hydrolyzed by hydrochloric acid and derivatized with 2-nitrobenzaldehyde. The solution was neutralized to pH
7.240.2, extracted with ethyl acetate, and evaporated to dryness with nitrogen. The residue was reconstituted with
mobile phase, and defatted with acetonitrile saturated n-hexane. The analytes were quantified by LC-MS/MS
operating in both positive and negative ion multiple monitoring modes (MRM), and quantitatively determined by
isotope internal standard dilution method. Results Limits of quantifications for the 5 nitrofuran metabolites were
0.1-0.2 pg/kg. The matrix calibration curves were established with correlation coefficients more than 0.999 in the

range of 0.2-20 pg/kg. The average recoveries were ranged from 88.7% to 112.1%, with the relative standard
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deviations of 3.9%-13.7%. The method was successfully applied for 280 shellfish products, and 45 of them were

confirmed with low levels of semicarbazide (SEM) ranging from 0.21 to 1.86 pg/kg. Conclusion The proposed

method has high sensitivity and good accuracy, which is suitable for determination of nitrofuran metabolites in

shellfish products.

KEY WORDS: liquid chromatography-tandem mass spectrometry; nitrofuran metabolite; isotope internal standard

dilution; shellfish
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il BE R M 28 25 ) 0 N A U PR GL 25 ), BT R
WRE SR . HUAETE ) SFO0AL, B8O T K AR A
oh, T G A R R A R K g T L1k R G b R I MR 2
PRIU1, 5 2 B s vk el B LAt 7= EL AT WA B0 075
SRAFERW TN F 28R, KR
FT AT SR AR S B, BT P AR X kI 2 2 1Y
PR 2 s U2, ST T A% R 8 A 7 RK T
i B PO T 285 A3 400 1% 25 RS 3 1) B/ NS SR M B FRAE
1 pg/kgo

R b3k 4 FAsREEmE A, AEEZRIRAE N 55— Rh i RL ik
W25, VRS AR Lk A 2L, gl T
BGOSRk 2 2 W 1 Sh A R P AR B,
5 Tl Bl ke e 1) A3 7 a3 ) 3- Ak -2 WE I g A i
(3-amino-2-oxazolidinone, AOZ), 5-FFZENmk-3-543%L-2 g
Mg g FE P (3-amino-5-morpholinomethyl-2-oxazolidinone,
AMOZ). & FEWR(semicarbazide hydrochloride, SEM)., 1-%
FE-2- N IR (1-aminohydantoin hydrochloride, AHD)# 3,5-
R 3 oK % . JBF (3,5-dinitrosalicylhydrazide, DNSAH), HE
HEAMERLS G, BRefrETiwikn. Bk, &
B BR - 3oR A A 6

il vk g IS A 40 0 G ) v 2 A T OB €3
o WM G - B L VRO 3 - R G BT 9 7 (liquid
chromatography tandem mass spectrometry, LC-MS/MS). [iff
B A i R R AT . I e iU R i R Ak )

0 B i AR S0 TR R, BRAE T, H 7 AR R A
i, 5 BB, ANl G B i, AT AR S ) 9 A
(975 o Cooper S FH v RO AR €2 3 12 I 2 ) ) oy 4
Fobv it R M 2R A D 5 B, TR 80%~95%, Al BR
4 0.5 mg/kg, EHRIRHM 0.3 mg/kg, 1EUKE N FHT P25
W, RME M ER S RRELEE, REUEREIK.

Hormazabal S5V FH B €23~ i [T i s AL 2 4
Al LRI A, KBRIAS] 0.2~0.5 mg/kg, {H HATRK
BRIA WA € - B 12 BB T 2 ke el 35 0 1 O
U, XA A PSS SR AT ] LC-MS/MS AT HIE .
LC-MS/MS "SI g i g R, FLIRIL R BRI TIA,

FEHR T 7k 114 [ WS 3 R A
ARG ST ZE T R ZFERERY LC-MS/MS J5i%, [

AR A DU it S BRIk i AR 3R P o, WA RGT

AR WM, KT A WA R AR A T AR AR S

2 MREREE

2.1 L5

APl QTRAP 4500 = PUMFT R BRIEIL(ERE AB
SCIEX /A l); Shimadzu LC-20A [ AR (435 (H A< 15
A¥)); Beckman Coulter AllegraTM X-22R & &0 HL(3E
Beckman 24 H]); XS205 4347 K F-(%ii 1= Mettler Toledo 2
H); SW22 ¥R 3% /K ¥ M (% [F JULABO 2 #l); N-
EVAPTM112 &M AY (3 E Organomation 24 )); Milli-Q 1Q
7000 #B 27K HL(3E [ Millipore 23 1]); Centrifuge 5424R &
O AL(E [ Eppendorf A H]); Multi reax %37 7 (=]
Heidolph 2\ H]);

5 PP Bk AU AR v . 1-2 58 -2- N BEIR(AHD)
FAEENR(SEM) | 3-Z -2 M (AOZ) | 5-NT b T Kk -3- 2 i
-2 FE A (AMOZ) S = [F) 437 2 AR AOZ-dy, AMOZ-ds,
AHD-"C;, SEM-"C-"Ny(4li i #] K F 98%, f# [ Dr.
Ehrenstorfer GmbH); 3,5- fiff 5 /K #% 2 i (DNSAH) J& H: [A]
L ZE AR DNSAH-CN,(4EEH KT 98%, Mgk Toronto
Research Chemicals Inc A F]).

NG, BEE. CBROER. IEChi(aigad, #E Merck
ONED); LR ARTEEOR (LR T 99.0%, Hidt:
Fluka A Fl); BEMREA(Na;PO,)  E A ALAN(NaOH) 5k F2 (HCL)
(g Hrag, 77MAR A A SEE K il i Milli-Q®
AdvantageA10 7K i§k & Gt (Millipore, France)r= A4 AYAB 47K
(18.2 MQ-cm).

22 FWHE
221 BREH

i e ke R S5 A A o VA R T - ) e R BB
()5 R SEmk i £ AR iSOG R S AR NARE] 10 mL
M2 E, NG WS H R 1.0 mg/mL HARGE 5,
20 CHHBICARAE. ¥ 1.0 mg/mL BAKRE BT 258
KRR 1.0 pg/mL MR G FRHEP IR . WIHBIUR &R
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HEPEYAT 1.25 mL T 25 mL 54600, ZRES, B
50 ng/mL IRAFRIE TRV, 4 CRBGRYEIRATE .5 PN
o ST ERE D7 B B 100 ng/mL FTR-A N ARARIEVA R -

0.2 mol/L $h&: WX 8.333 mL ¥ELER, FHHRAl/KHikE
EAZE 500 mL,

0.1 mol/L &Pl FEZE FH B VAW : PRI 0.15 g &P fiF 2R H
BT 10 mL 5 8IH, “HILTINERZZIE.

0.3 mol/L NasPO4: HREL 57 g NasPO4+12H,0 {4,
LK R I E A % 500 mL.
222 LA

FRECH T DLZBE RS 2.00 g, TIA 5 ARG ARETR
10 g/mL, 10 mL 0.2 mol/L HCI, 200 pL 0.1 mol/L 74714
TSFEFE B, MRS, T 37 CERABRE SR,
HEERE, BURFERAHIZER, IIA 0.3 mol/L NasPO,
W 2 mL, FE4ME2); A 2.5 mol/L NaOH 75 pH 2k
7.240.2, A 10 mL ZFRZBE, Fu/riRSIJ5, 8000 r/min,
10 CE.0> 5 min, Wil FZ2ZMR LI, R 1K, 5L
MR ZBEIRBUR . BHEEUR 37 CKIB FTAKRET, I
M ZIEIK(1:9, VIVYER R 1.0 mL, FE/MRA . ¥ E R

A2 mL B0, A 1 mL ZRHRMPIES L1, ViV),
1E 15000 r/min .0 5 min, FEIECE)Z, EE B E
—W; WICT ZE W E 2 mL A5, 7 LC-MS/MS #ill
223 RABEHE-FRAELM

(1) WA R

{4,342 Waters Atlantis® dCpg fA3%4E (150 mmx
2.1 mm, 5 pm), A3 35 C, A 10 pL, WA 0.4 mL/min,
FiBhA A #H: 200 mL ZJ5+800 mL 10 mmol/L Z.f& %
+0.37 mL Z/K(25 vol%), B MIN L. B e ARy
0~0.5 min, 0%B, 0.5~5.5 min, 0%B~80%B, 5.5~6.5 min,
80%B, 6.5~6.6 min, 80%B~0%B, 6.6~9.0 min, 0%B.

(2) Uikt

B A HL IR 55 B8 11 (electronic spray ion, ESI), IE
TR R, EH 5= £ 6 M (multiple reaction
monitoring, MRM); # T2 H [ (ionic spray, 1S)43-%H
+5500 V &-4500 V; BT 550 °C; U AT E (dwell
time, DT)>} 20 ms; <A%< (curtain gas, CUR)[E /14 40 psi;
ZAWS(GS)E 1209 55 psi; I BYS(GS2)E 14 55 psi;
Bl SR A, S AN R kAR B SRR 1.

®1 S5MHEERBAHIRIESH

Table 1 MS parameters for 5 nitrofuran metabolites using EST" and ESI" mode

VARt B AR T (m/z) FETMZ) EERENV O AOHBE/NV  REEE S OBREV RERE/V

236 134 68 10 9 17

AOZ +
236 104 68 10 9 27
240 134%* 84 7 11 20

AOZ-d4 +
240 104 84 7 10 30
335 291%* 75 10 13 17

AMOZ +
335 262 75 10 13 22
340 296* 60 12 10 17

AMOZ-ds +
340 265 60 12 8 23
249 134 72 10 9 16

AHD +
249 104 72 10 9 26
252 134 78 6 7 19

AHD-"C; +
252 104 78 6 7 35
209 166* 60 9 8 13

SEM +
209 192 60 9 8 15
212 168* 60 8 10 13

SEM-"C-"N, +
212 195 60 8 10 15
374 181.9% -60 -10 -9 -30

DNSAH -
374 182.9* -60 -10 -9 -35
376 181.9* —-60 -10 -9 -30

DNSAH-"N, -
376 182.9 —-60 -10 -9 -35

EAERE T



198 B dn 2 4 R R I A 4R

F10 &

3 #R55%

31 ERMMN

L J5 A0 SR FH 0 TR LA ORI . TSR A Uh
ME=(A/As)*100%, T Ay FE8 204078 5 5 rhm 17 5
ST R, A, FER AT A Al R R A S A e T AR
SYBIFERR DL, AEH . AR B 4 Fhas PR TORE S R A
W R S pg/mL SR A AR VA, HRE R AL 3
BRI, ZESR R 4 FhEERRIA TERIRON, B A
65%~85%, FEH N 45%~85%, HMEN 25%~60%, Hfita Ny
20%~50% o A= IE A0 IR B R, ANl 1 PR .
SEBRAE S A A BT IS, MRS A SR R 1 22,
PR AR B 5 2R FH [ 3R AR AR A A T 2 20 BT o

100 ol
80

o iE affifs

afbH

60

40

FE TR 1%

20

0

ST Rk
F1 s RSk (Y 7E 4 Fik BT A8 B0 2341 1] (n=3)

Fig. 1 Matrix effects of five nitrofuran metabolites in
four matrices (nN=3)

3.2 FUEFEHMK

SRR B 1.0 mg/mL 1) 5 BRIk i A5 A 1
FNBREH 0.5 mL, FEAE A AL BT AT AT A AL 2 e 2
F 10 mLo A T AT A S 2 fi S ke £ QO LB 00
fEHERE, P BITEIE . 008 TR BEAT A, W E B
o SRR, DNSAH 7§ s 1N A7 10 fr i )i 55
BE, HoAy 4 R AITEIE 8RR, R AR . N
IR FHAE A7 B 1 [R I SR AR AR, IR kAT — i
P, PR . TN RS A D e A B
FEVER T PUAEREfERERE . R A D R EAE S S A,
AL R S SHOLER 1.
3.3 BIESRHMMK

AW LA T AR S AR 2 X &40 S5 v, B AR | A
RO | WA R B2 o O i Sl AT A 4 R -
HEEK | ZJ- I K BAEAAR F B8 IAS R 96 35500 400.1%
R, 0.1% LR . @K, LIRE . M WREE . 25K 1E
IES T FIERAEB, A IA 0.1%H RE 4 1R,
Xt RS AT A e, T AR A,
SN PR B W I s AR B, BN &K WA Bl

THREMAL s, RERBE. G- CREERIER D)
AHES, PIRRARAZE M, 35 0 B aCR, JoLdE AMOZ
BIIETE, i 2 i (B 2R RS, BA MR REERR). Hit
A5 R IE—2E+10 mmoL/L Z MR (2:8, V:V) +
0.37 mL ZUKVE R i st

X SAH I BER AR Y SR AT T Ak SRR LT
ANFEGRHE . ASFEGEBEE T, S0 AT oy, 255
FWFH A 0.4 mL/min B, R FRIGVEBIEE R, ATA R
UG RIS, 15 BB BRI ki, 16T A8 B X
FRPELE . AEARARIT R EaE S5 T, 25 E1 e DL BRI
v el A 400 ) o R I P9 B P SRR B T A i (K]
(MRM) L& 2~3.

34 HEAELELENKK
340 FTARAREEIOR T BRI

SEEG AR T F IR T R SRR 2 A HLEA T RIBCR,
R HIEE AT 5 AMOZ IR A S5 (6 %), % HA
VIR, 2200 K, B, S286 R A — B AN AT AR 50 .
3.4.2 RIE FIER R

S HEE TSI R S LR L), a2 . R
K. CREOKF R EEOK VR R B HER, 4% tsr#t, AHD i
T 52 S R R, DL 40— FL AR R VA K
/K (1:1, ViV), HEE/K(2:8, ViV), HEE/K(1:9, V:V),
ZIEPK1:9, V:V)FIZE/7K (2:8, V:V)& 5 IR, R
FZWEOK (1.9, VIVFERE R, &Y e ey, H
Wi A, LA S,
3.43 HAbEAE

VIR 2 CIEWANE Qe ifg . 1k 0.45 pm
Nylon JEME 38 . AL BE H A s 8, & B2 5 1d g,
DNSAH, DNSAH-"N, #1:/%5#, a3 9%; ZifiiE
EMLAR, JCB WA AMEALEE, S BRI, Aol
B Z, MiGIEELEm . BURMICR F QG IE O bt
JBLRE o
3.5 FHiEMREE
351 &MHTEEH. R Ee sk

MDA A R B 2 SR SE AN 220K, A
T TR E R, SCI0 P AEAR S AT AR BRI AR R AR
HREILTHOY, KM, B, FO . MAEMRES
FEBT(1: 12 1 1) 035 12 9 i e g X35 00 0 R 5 s M T TR
WINENR A2 AZF S, B&WEKER0.02.0.5.1.0,
2.0, 5.0, 10, 20 pg/kg, [RIFRINA RN Z NFRELWERE N
5 ng/kg, AFLIRFEMESATAA I, HiEfT LC-MS/MS
R4 BT o AR Sk iR 48420 1k B R B A A, i i vk g
PR 5 PN B G 0 TR B R PN AR R, 48 TR v R 2R,
0.2~20 pg/kg JEIEINHA RIFAZME, HERENBKT
0.999, ZERILE 2,
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o M, A TR AR WO (- A
i
m XIC of +MRM (28 pairs): Exp 1.24... Max. 7.2e4 cps.
7.2e4 3.67
6.0e4 AHD
= 4.004
2.0e4
0.0 -
00 10 20 30 40 50 60 7.0 80
A+ [A]/min

B XIC of +MRM (28 pairs): Exp 1.335...

Max. 1.1e5 cps.

s 4.28
1.00e5
! AMOZ
#5.0004
3.35
0.0 =
00 10 20 30 40 50 60 70 80
[ /8] /min
B TIC of -MRM (9 pairs): Exp 2, from... Max. 7.0e5 cps.
7.0e5 4.00
6.0e5 AOZ
i 4.0e5
2.0e5
3.63..
0.0 s Sl
1.0 20 30 40 50 60 70 80
B[] /min
H XIC of +MRM (28 pairs): Exp 1, 209... Max. 1.2e4 cps.
1.21e4 3.70
1.00e4
i
& SEM
5000.00
3.22.
0.00M i M Hd e o et b
00 10 20 30 40 50 60 70 80
At 4] /min
H XIC of -MRM (9 pairs): Exp 2, 374.0... Max. 2.0e5 cps.
2.0e5 4.00
1.5e5 DNSAH
i
o 1.0e4
5.0e4 3.63 ..
0.0 JnL lll.
1.0 20 30 40 50 60 70 80
Fif [F]/min
P 2

I

m XIC of +MRM (28 pairs): Exp 1.24... Max. 1.4e4 cps.

5.46

1.4e4

1.0e4

AT

5000.0

i [B]/min
B XIC of +MRM (28 pairs): Exp 1.33... Max. 5.5e4 cps.

5.5e4 6.38

4.0e4

SR PE

2.0e4

0.0™
0
it ]/ min
B XIC of +MRM (28 pairs): Exp 1.23...

4.0e4 384

3.0e4 AOZ

i
= 2.0e4

1.0e4 274

TN

0 2 4

0.0

B} &) /min

B XIC of +MRM (28 pairs): Exp 1.2...

3900 591

3000
= SEM
2000
1000
645 7'.93 9.16
0
0 2 4 6 8 10
Fef 8] /min
B XIC of -MRM (9 pairs): Exp 2.374... Max. 8.0e4 cps.
8.0c4 6.74
6.0e4
DNSAH
i
= 4.0e4
2.0e4
0'0 Y
2 4 6 8 10

IRl /min

Z5 U DURE S s 2.0 pg/mL Bl 1 B i 4]

Fig. 2 MRN chromatograms of a spiked scallop sample with standard solution at 2.0 pg/mL

Max. 4.0e4 cps.

Max. 3900.0 cps.
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200 B A
I XIC of +MRM (28 pairs): Exp 1... Max. 2.6e4 cps.
2
2.6e4 3:20
AHD
2.0e4 249>134
o :
Fal
1.0e4
0.0 -
0 2 4 6 8 10
Fiet ] /min
B XIC of +MRM (28 pairs): Exp 1... Max. 3.1e4 cps.
3.1e4 4.29
AMOZ

SR E

335>291
341
[
0 O e, r. PrR—Y

00 1.0 20 30 40 50 60 70 80

B [Rl/min
= X]C of +MRM (28 pairs): Exp 1... Max. 2.4e4 cps.
4.15
2.0e4
AOZ
236>134
% 1.0c4
0.87 328
N I L
00 1.0 20 30 40 50 60 7.0 8.0
B [B]/min

M XIC of +MRM (28 pairs): Exp ...

6550 3.76
SEM
5000 209>166
)
it
,0.13 3-?5) L4~16 6.26
0 Wl dasgh v el b . i
00 1.0 20 30 40 50 60 70 80
[ [B]/min
Bl XIC of -MRM (9 pairs): Exp 2... Max. 3.2¢e4 cps.
4.04
3.2e4
DNSAH
! 374>181.9
B
0.0 £
1.0 20 30 40 50 60 70 80
Fif [A] /min

Max. 6550.0 cps.

B X]C of +MRM (28 pairs): Exp 1... Max. 1.1e4 cps.
3.20
1.00e4 AHD-BC,
252>134

)
= 5000.00
0.00
00 10 20 30 40 50 60 70 3.0
5} 8] /min
I XIC of +MRM (28 pairs): Exp 1... Max. 2.2e5 cps.
428
2.0e5
AMOZ-d,
340>296
% 1.0e5
0.0
00 1.0 20 30 40 50 60 7.0 8.0
] /min
B XIC of +MRM (28 pairs): Exp 1... Max. 1.3e5 cps.
1.27e5 413
1.00e5 AOZA,
240>134
% 5.00e4
0.0 s
00 10 20 30 40 50 60 7.0 80
it ] /min

W XIC of +MRM (28 pairs): Exp ... Max. 7400.0 cps.

7400 3.74
SEM-C-N,
5000 212>168
i
|
3.30.
0.81 247. 5.13. 5.65 8.24 .
0
00 10 20 30 40 50 60 7.0 80
A 18] /min
M XIC of -MRM (9 pairs): Exp 2,... Max. 3.1e4 cps.
3.1e4 4.03
DNSAH-"N,
4 376>181.9
k5|
3.35
0.0 Lt

1.0 20 30 40 50 60 7.0 8.0
BiJ 1A /min

B3 a3 s DU BN 1.0 pg/mL RARAI 10 pg/mL AR €5 K
Fig.3 Chromatograms of a blank scallop spiked with 1.0 pg/mL mixed nitrofuran standard and 1.0 pg/mL internal standard
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Il XIC of +MR... Max. 4.2¢4 cps. H XIC of tMR... Max. 5.1e4 cps. Hl XIC of +MR... Max. 2.7¢4 cps.
3.38
4264 4.09 5.0e4 4.04
- - ol 2.0e4
st b i
0.0 0.0 : 0.0
0 5 10 0 5 10 0 5 10
K5 [8] /min H} /8] /min B[] /min
Il XIC of +MR... Max. 5.9¢4 cps. H XICof+MR... Max. 2.2e4 cps. m XIC of +MR... Max. 8.1e4 cps.
4.04
4.05 4.03 8.1cd
5.0e4 2.0ed
ﬂﬁ( al M 5.0e4
= | & 1.10
0.0 L 0.0 l 0.0 K— 4
0 5 10 0 5 10 0 5 10
i} ] fmin i 1] /min #i:f [ /min
Hl XIC of +tMR... Max. 2.6e4 cps. B XIC of +tMR... Max. 4.3e4 cps. B XIC of +tMR... Max. 2.3e4 cps.
4.05 434 4.05 2 004 4.02
2.0e4 .
i 2 i
# 110 # = 108
0.0 0.0 4 0.0 :
0 5 10 0 5 10 0 5 10
B ]/min i+ 6] /min B} /&) /min

B4 B DUREBT AR SR 500 9 AHD 1) (3 15

Fig. 4 Chromatograms of AHD with different complex solvents in scallop

100.00 - PL 3 FE(EME LAY 45 A S A H FR (limit of detection,
LOD), 10 f5{5 M Lt A9 45 5450 2 £ FR (limit of quantitation,
80.00 r LOQ), 45| AHD. SEM. AMOZ ) LOD 0.1 pg/ke.
LOQ 4 0.2 ug/kg , AOZ, DNSAH £ LOD 4 0.05 ng/kg .
;;r 60.00 LOQ ¥ 0.1 pg/kg.
= —a— ZJ/K1:9 352 wMEFtEBE
E 4000 | =k A2 LR 0.5, 1.0, 2.0, 20.0 pg/kg 4 M
- ;’;gﬁ;ﬁ;: L BEKOPHEA TR IS, REASR KT 6 P ATRE,
20.00 + e 2k TS24 [ UL FOAH X B v A 22 (relative standard deviation,
—e— Him/KI:1 RSD), fiff 4 Wk M £X 365 ) 64 °F- 3 [BIICR Ry 88.7%~112.1%,
0.00 1 1 1 1 J N N i
AHD  AOZ SEM  AMOZ DNSAH HRTARAHE IR 2 Ry 3.9%~13.7%. Z5H I 3.
ST LR 3.6 SEPREERIE
Pl 5 DR R AR ) B2 70 9 [0 L 4 (n=6) W HENT 9 5 T 280 103 DU SR v 5 it ok ne
Fig. 5 Comparison of recoveries using different complex AP I E o SRR DIZREES 117 . T 10 46 {5y . fififa
solvents in scallop (n=6) N N N e N
234y, LERE 7 Oy FEH 23 iy R 32 . A 14
®2 5 MBEERBREINEESEMEXRY U 18 1y o SR /R BRIk P AR AP ob, LAt sk
Table 2 The matrix calibration equations and correlation WG R Y . SRT, RGP AACIE SEM A A
coefficients (r) for 5 nitrofuran metabolites § oo o
Y% Lop 00 45 fkEhh, K AN 16.07%, [EARINHR AR, o 25 65
L/ AR () ek Augke) DUKH SEM, & &8 0.23~1.14 pg/kg; 9 437 K H SEM,
AHD  Y=0.3337X+0.000773 0.9992 0.1 0.2 TR 021~133 pglkg; 4 Grififafih SEM, kLY
- . [\ (‘; /leg =f1E ) .0. R
AOZ  Y=0.475X+0.00902  0.9995  0.05 0.1 025~0.45 pg/kg; 3 rlF 7Kz iti SEM, 2rfitip3il’hy 021.0.34
1.86 pg/kg; 2 R e K Y SEM, {%H4 0.42. 0.53 pg/kg; 2
AMOZ Y=0.172X+0.000283  0.9994 0.1 0.2

i %FH i SEM, &0 0.35. 0.71 pg/kg. fUH 4 ke
SEM Y=0.588X+0.16 0999 0.1 02 SEM # H [ 5 e/ INESR P REFRE (1 pg/kg), W 1.15.1.86.
DNSAH  Y=0.67X+0.0095  0.9999  0.05 0.1 133, 1.14 pg/kg. 2017 4 H ERLSE % A0 G FE A RTS8 T 1
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Table 3 Recoveries and precisions of 5 nitrofuran
metabolites (N=6)

ey AR TR xR 2E
(nglkg) (%, n=6) (%, n=6)
0.5 103.8 10.9
1.0 107.4 7.6
AHD
5.0 106.2 6.3
10.0 95.9 4.5
0.5 100.5 10.3
1.0 106.7 113
AOZ
5.0 104.7 43
10.0 112.1 8.2
0.5 95.1 9.6
1.0 98.9 11.7
SEM
5.0 100.6 115
10.0 96.7 3.9
0.5 106.4 13.7
1.0 88.7 10.6
AMOZ
5.0 94.3 4.1
10.0 106.2 5.3
0.5 96.0 7.9
1.0 95.7 5.9
DNSAH
5.0 93.4 4.4
10.0 96.8 5.8

75 B BN & T SEM FEIF K K D25 (2 43 A3 i i 50,
TE I RO ¥ 305 U VAR AR 90 10 DUZRAE &L,
SEM ¥ i 58, SR 7E 0~0.75 pg/kg Z [A], IS 455
b ATR 5T 45 RV A, TR A RIS G A Rt — 4

SR
4 &

ASCEN T R BB A LC-MS/MS [RIHI E D
Feyr b s A ALk AL AOZ . SEM. AMOZ ., AHD
Fi DNSAH BRI i o a0 i 2 (03 A5 B ik
HITEIAL, 2 Waters Atlantis® dCs 32 (150 mmx
2.1 mm, 5 pm)43 5, MS/MS >R F Ha I 55 HL 12 (EST) 1F 7 [R] B
WEI, 22 SR (MRM)BECR I, [R5 28 A bRk A7 it .
Ik R 0.05~0.1 pg/kg, ERFRA 0.1~0.2 pgke,
AR Dy B s R, WER TS, DR R E B S 2R AR
s BT RETHG A A 7 it s SR o £ 4 5 P ARG T P 2R . g
FHIZ 1T 280 14 DL ™ WA TAGIN, 45K IR 45 (3FE i

Ao A SR IR A IR B, A2V SEM, [H HUR B2 Y R 4L
IS, R B Al TG H AR g o AT Rl T DL T
it P S IR BRI T 2K A ) B P G e YA 6 UE A
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