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F I (Flumequine) APEEEIR IS 7T M MEKMA254)
—REF S-HEKMIREWKZAY, BIEFRM™ (mertonidazol,
MTZ). —FiEM (dimetfidazole, DMZ) FI& kRS M (ronidazol, RNZ)
% WHRRKRBHRBETAN—LERAR, EU¥EHETRE
TERFNEREBIE BEMRTED . =KWK =Y T
Pidiar p AN, BEERBATE AN SBAEKT Y ENE
£, S AGEFRENBUEEAREE. HilREIA MARET LR
THE T R/ 5 PP B UK PSS 2 R B 0 5 5 AR, U225
BRI ENEESRE, FHHEBERHREKTRPiE=RKLY
B 5 Fr i

(1) BT A0 -3 R R I K == R R R e R B &
K5k. FCIERBUKF= S R Pk B, SR g mutiT 3 #
WERBEMENE, TREREH, FERRE 80%~110%20H, &5
FH<10%. FFERRDRN 2.5 pg/ke, EEMRA 5 pg/ke.

(2) BALT /K= Fh b =P Ak MR B B I R OB AR - BB Bk
JE(HPLC-MS/MS YUl & T k. BATARZ B RME(DMZ-D3)E H A #%,
PAZ R ZBEAR UK ™ i o B Bk e85 B 4, SR HPLC-MS/MS %
M BI(MRM) IE B FHRERMsE, w— kXK P &R i MTZ, DMZ
M RNZ AT e EME BNE . HERAT R RTCESRE, &5
EEUPR, BRABRIEEE. BIEFEERDEMRS. HEDMZ £&
PRAT LK B 2.0 pg/kg, MTZ F1 RNZ SEEBR A LA R 1.0 p/kg.

(3D WY Bt b VP PUBF R 25k B B 1) B AR A - 5 B TR
- E(HPLC-MS/MS Y 5. BERITEREMNBE (MTC) #EUFIE

HPHMNFERRZBY, B4 HLB BMHABE L, FHLC-MS/MS
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EHERA R FER AR

R RN W I(SRM)IEE FERXNE, -y ZIEaPrNHER
( Tetracycline, TC). + & & (Oxytetracycline, OTC). &€ T &
(Aureomycin, CTC)FI5% 1% E(Doxycycline, DC)iHATE M EEN
SEo DM E & T FRIYTIIES] 2.0pghkg. ARG R MR, B
F. RESMA, ERATK=RPURERERSERE W RN
i o :
AW SCESE T /KPP R ik B B I R A A B R R U
BB KT i R DU ER 2 R A 2 K k2R 5% B 2 1) v A 0 - o B B
WEH i, FHXEEREERBAT TRIE, HKrERriz=Rs PR B
BT BRI AT,

KEER: BAHE, AWK, NUHER, RERN
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Studies on the Detective Techniqnes for Residues of Chamical

Drugs in Aquatic Products

Abstract

Flumequine is the first generation of quinolones. The
nitronimidazole-drug is a group of drugs includs metronidazole, ronidazole
and dimetridazole which have chemical structures of 5-Nitroimidazoles.
Tetracyclines (TCs) produced by Streptomyces are broad-spectrum
antibiotics. Tetracyclines belong to the ramification which have four
benzene ring and carboxyl amide derivatives nucleus in the chemical
structure. The function of these three kinds of drugs is to prevent or treat of
aquatic animal diseases caused by bacteria or protozoa. The abuse of
flumequine, tetracyclines and the illegal use nitronimidazole-drug may
result in the drug residues in aquatic animals. When these animals are used
as food resources the drug residues will have potential carcinogenic and
teratogenic hazard to human.Nitroimidazoles had been banned in food
producing animals in European Union, USA and China. At present there are
no standards for determination of drug residues of flumequine,
nitroimidazoles in aquantic in China. The method for the determination of
tetracycline residues in aquantic animals also need to be modified. It is
necessary to establish new standsrds or develop the original standsrds for
the determination of residues for these drugs.

(1)A method of determination of flumequine residues in eel tissuess
by high performance liquid chromatography with fluorescence
detector(HPLC-FLD) is developped. Flumequine was extracted from the
matrix with acetonitrile and analysed by HPLC-FLD. The recoveries of the
flumequine were in the range of 80%~110%,limits of detection(LODs) 2.5
pg/kg, limits of quantitation(LOQs) 5.0 ng/kg ,the coefficients of variation
within batches less than 10%6. This method is suitable to be adopted in the
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determination of Flumequine residue in eel tissues.

(2)The method for the determination of residues of three kinds of
Nitroimidazoles in aquatic animals was developed by high performance
liquid chromatography tandem mass spectrometry(HPLC-MS/MS).
Deuterated dimetridazole (DMZ-D3) which used as internal reference
material was added to the sample before extraction. Samples were
dissolved in sodium hydroxide solution to disassociate target analytes from
matrix. Nitroimidazoles were extracted from the treated matrix by ethyl
acetate with the liquid—liquid ion method. The mass spectrometer was
performed in the positive ion mode using multiple reaction monitoring for
both qualitative and quantitative analysis of MTZ. DMZ and RNZ during
once injection. The preliminary treatment was predigested and no solid
phase extraction (SPE) procedure was adopted. Comparing with other
methods, this method has the advantages of simple operation, less organic

chemicals consumption , and shorter operation time.The limits of

detection(LOD) were 0.010 pg/kg, and the limits of quantitation(LOQ)
0.100 pg/kg.

(3)A method is developed for the determination of residues of four
TCs in tilapia tissue by high performance liquid chromatography-tandem
mass spectrometry (HPLC-MS/MS) detection. TCs were extracted with
Mcllvaine buffer solution (pH 4.0). The extract was cleaned by the Oasis
HLB solid phase column.The mass spectrometer was performed in the
positive ion mode using multiple reaction monitoring for both qualitative
and quantitative analysis of CTC. OTC.DOC and TC during once injection.
The limits of quantitation were 2.0 pg/kg. The method can be used to
simultaneously confirm these four tetracycline antibiotics in aquatic
products. The advantage of the method is sensitive, accurate, convenient
and fast.

In the present study, the HPLC-FLD and the HPLC-MS/MS method
were established for the determination of residues of flumequine, TCs and
Nitroimidazoles in aquatic products respectively. The methods were also
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applied to monitor samples which were collected from markets.The work
has contributed much to the drug residue surveilance in China.

Key words: Quinolones, Nitroimidazoles, Tetracycline, drug Residue
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RmAYREREERMNEAR RS P AR ERLE R
KW, HOBE5ADEREXRRNEE. FTENRBEYE
B WA, A, BEE ERESN%. BRARANEYR
HERRK, ERELRVENKIES, HASRBEERANEE.
B 20 A8 70 R, RAGYRE NERTET Her L E XK.
80 FA R M B AR B HZE 7 2 (CCBVDF) BLIF S RiT e 2R
E AR, BRI RSP AR E N AFRERE. B,
MEXFREERCHETER TERNRRAYRBRNGER, AFEE
ARG R, WEEEAR, RUNMER. BORIMERNEARSF
HEE R,

E RSk =Rk BT M X R#a

1) BN RAREEREER

BT IR REEEE, FYREAERZE, RPN REE
2, AEEFBLT ERBNEENM, NRTERNKEREew
B HE. KARERYESIVRESRERS. ERREERS
SHM, URHAERLNE YR XERRAMIES. 1998 &, %
HBLT “BABRZEMMEBREL” , 20024F5 A, BEABHRE
B MR ERARMBIERS— “BREAERL” . RE
DE 4 MEREGHREERLRE, 6 MR EHRBRM O,
30 ML B LG I BT EAE R BRI i — R BT T 4 255 B A
i,

2) 5k bRt A 1k,

5k T R S 2 T B PR AR A S B K e o 25 e B R
Ty AR L K= S R B AR B, B Tk
FIZS IR B AR TR 2 B2 B AR B85, A 2000 4552,
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FEIEARFNEIT T IL+IUFAE, B5E (A F &R A2 RN |
(EAFRRKTRPEAZERE) . (EBHASEBTHR) %.
BEER. tEBRE, BEWALY. EBX. TE. ORE®. 7Le
AR REEEIRIR SRR B B E RS A R s R

3) HMTRB KRB

BRIEJLER, HFEERHRKE. AR, XEEREEFNK
PEam YR B IR HAETAE, BB RS RS SRR
RACPHIR R, HYBREREREREREE. bTFiHRARRNE
RAAR E AT RERE RS R TR R AR B AR, TEMN
SE 2 B AU b B B b v 5B s SR A v R0 BB T (O A R F M, %%
B IR (28 B & AR 5 VAR BT R H M R AR & BAE 0 R B 1AF
#eo BEE AR WA AR RS R I 7 IR A ks, RbRAEIE S
I SEARKI T o) R %«

4) BERRA%BYERES :
2002 4, REKY52 5 EE R (FDA) A T 3 EZEHE O34

B SPER 11 L8, R aEREE. BREED.
CEHERY, —FREIRM. EABRIEEIKMRS, SARBEORME . MM Fo Ak,
CkMEMLER . BERRSZY. BZBEER. LY.

BEEZE, HAHE b ESPIEEK 5255k BT
Bl SR P ER RS (CR P ER®) . BEEE., i2
REZ. KER. M. BER. FRES. SAM. B,
BRE PR EMENE . B, TRBE. BISIANT. XMANELURS
R IR AR S I 2

BRI 1999 4E 10 A 1 B2, B4R 3 MBI ENZ
VIR RRES . RSB . SRskME. BlZE, W4
T8 b {5 VR AERAPE I BRI, JFC 2 2006 56 1 AR, ¥ H
A AERR P ERNRE 4 BERhTUSIEER, XEkE
WK R ¥ A T4 e DR P AT TR R B A

2



LR AR

R, BEKFFREWAKRRE, FFEMERKT X, FHR
KR, FERERE, RECRIHAK=REE—KEH, 5
ZAX IR B E K= 5 OEEBF TS S E RN 6%~8% KKK
THEEKE, WEREREA™HE OKEE LA, BEHL55HE.
AT RIE. SREE A THIR 6, R 8625 s e
HER AT SBEK>=RAWRE, SERARAREA®HHO#EK
MEZRR. REKA™REOBRERZREMFER AL, TEHAT
REZFERRBOH O, SREERTEXREFHRK, BANRE
TEREK*RBEMARASPHRSR. BTFREESEES. k. &
REEHMEMBET AT EE G TEIREER, HRAEHXHAS S
WA KBEERAZHA—T . AT REARK SR, 4K~
A IEH th H 5 XOK i B B B AR DA RAE R 5 S IR E 3L,
B RBER. WERATRNRE S AR IR BEK,
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1 XERERIE

L1 LHERBAMELER. RENERSH

1.1.1 MR
1.1.1.1 EHE

B P (Flumequine) AMEZEEIE (ONs) MB—R= 5, B%. FAER. 5
RN R—802 %, 43 FR CuHFNO,, HAXIAFHE 261.25, LR ILE
1-1, AEERE". TREK, LEAMETARNZE, BETIFRASELME
B ARHE, W R EHRRE. REREEYTEEERBERRE.

o}
F COOH

N

Flumequine(FLU)

B 1-1 RF24HAE
Fig.1-1 Structures of Flumequine

4 1-1 DMZ. MTZ o RNZ 5-F2H B S FF
Table.1-1 Molecular structures and molecular masses of DMZ, MTZ and RNZ.

wam H 7 ox IR 4
Molecular
Compound Formula mass Structure

MTZ CeHsN;Os 171 MO\«
bncaon
DMZ CHN,O, 141 No/@\m

N

RNZ CsHsN:Os 200 m[ )*‘W““
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1.1.1.2 BB mRm 3¢

BEKMKGYR—KAE S-HEKMFLEHNLY, FEQEFHE
(Metronidazole, MTZ). —Hi§M(Dimetridazole, DMZ)F1%B&H4 M (Ronidazole,
RNZ)%. HHMNEZKBR, HACRHHRANSRRERERK. 28K
PR KM E RN, HRABHEEER K. ELEPEE, &
K, MTZ. DMZ #IRNZ 4FR. S FERNEHRALE 1-1,

1.1.1.3 W3R RAHAY
PY#F 2 2 (Tetracyclines, TCs) & B B BRI AL B — K iS4 2, 7R3 5H

LR T ERF MR R BB BZOFED. HAFRINEHRNE 1-2.
& 1-2 TCs - F&MPTF
Table 12 Molecular structures and molecular masses of TCs.

ey B ¥ STE Gi

Compound Formula Molecular mass Structure

oTC CHoiN;0g 460.44 m
CTC CpHyCIN,Og 478.88 ‘\m
: Y
TC CaoHaaN,05 444.45 W

DOC CarHaeN,05 444 .44 ) 8:?&

121 RENERESN
1.2.1.1 @R
98 PV B S A0 o L SEL B B X MR (DN A) B 2R, T36 DNA B r= 4 S i

H. DNA [Eligsse 2 N A WA K& 2 4 B AR AR, Bk fefa ik Bagiem—
FREYIF. BAL. B, BRAGBERIELEH"., FE#EI2%75 DNA. DNA [
TSR B G, BETII0H A L, RALBAWEERT B LEL, ERF
BETERR SR HELE M, PEMT DNA 841, SBUREHET.

FREL O IR E58 96h () LCso 7E 7.94g/kg VAL R BB R K B HF Y LCso
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LHRH KRR

£E 1000mg/L EA E. RIBERVEBHEH—RBHFTEREENSE, RPERFIE
BN, NKEFYREEREZEN.
1.2.1.2 PR RRme

PHELBK MR 2 Y R F HUR RS iR, A L A A RSB IR EBEA, 2
VI—AGEOHEVARE, ELERDEFENREHOEERBMT, K
OB THABEEAERRATARFEANEE, MH4M DNA KSR, 3H/E
E2 AT DNA B4, B3F DNA FISURIE S Mk PRIT A 2 50, T840 e
T, REARERKREH. AR Enemta,

THEBK MR ZGY R BB Y, R THRWIRME 5 T, Mk
S50 L5 RREERBURRIBRZ M . Voogd iR 50 & TLAN R Tk MK 25 M) 2L
24 (B AW LK S Y4 ) A 59 SR L %26 . Mohindral" V% o [ B 59 5440 i
ERERFEFHTEENNHARERER, BEPHARERELE T
AR IR . TAEPKI 0 40 M e e A A R LR RSB MK T OR, RN E
TIRAERENB T RNV, LB FERNH SHREREEMEN. FE9ES
YERB PRI, BREMATERN AN KTRRE. KBS K12 245, 3t Ei
FRL V79 B RCE R AR, X RAFEBEER. i x5 K i FE O s 45
DB M RARAT T U BIRKARIN, HRZE. mapak, =aEw
SRGKRE MBEETER. FAHH AWK KERE, 213 KBAH
AR R R
1.2.1.3 MIREXELY

WA RXAMEEURBE T PR EH Y, REAYEARTERTFAR
N, EFEAKE. FHRABRNSHEEES, SRTEBFAREE, BK “NK
R2F7 Y, FHANYIAFRRRERSFHRE AR, SIRBBRAE K
Bl. WA RKAMEERARPEE, ERTRE, ETERS BTN, ZEHRE.
. WHARAYRE LB HAERERN T DREAALS SRS RR
8,

1.2 FEK™=FRE PRI AR ERSMRARR
1.2.1 &EKFEFRIE PRI B
1.2.1.1 BPE

HTRFEMANRZEE. W2H. EARFNEEDHENERERE,
—EZIMU R DEAFNHRRR AR RS RERE RS KRR Z SRR R
B, —HUEAEAGBRT AEAGNESE, AXHERD T ALEXME



LA RER A

BN, ZARECHRMAREER, BETATEAERREM., #H0
BrEdh. B KRR SR E i),
BPERBE—NECMBIHFNZ5Y, FERTEMA, ifs, ZFIFIEB
BERERPREBR TR . RIBRMA R IFREE A RBERLREG, &
FRIEFERE R ZE T2h AR08, ZENLIA BRI  FFRO S PR B 4 91,118,181 71 237pg/kg,
HYRERETTRTERNETEMENBRARERE, SEAEEH 3K,
EXSIANZ 480 i, 7ENVA. BERG. FEAE IR N 69, 79. 185 Al 161pg/ke,
AYRERETZRTEXNRFENENRERERE, WBREEH 2 X,
FEEERZ T REORE, VA+RERREN sopg/ke, YRR BEEETFE
KM BPEMEHBREARYRE, KaRFEES 2 R0,
1.2.1.2 FHERRMEE
WEKMRAY AR RERRNGEFEE, FAHBEERBRHIREEER,
AT a2k dm. iR, —RAUESEERRAFELR. FA.
B, BAR. 8. 6. $S VKRB MTZ67~100g, BRMNEZFIEM S5 F
7KK B MTZ167~334gP. MNZ B H0i B K& Pk R s 4, B0t B S5 AT 2
ROEUFERRITER. SRR RFRTESE RFREER: DMZ MY
REP KA. LR, S0, WHRENFEIEE, 7 E W R
SR T, FRTEEKPYHARR R RANRERR, HAEERE
e 2SRRI KR BE R 4x10°5 A1 8x10° Y Xt H 488, BR6S.
BVES, ASIBEIR TN WER 2}10%0, 71 3 FHARA LI O
FIEERHIFETR Y 6%H 4%, FIWKIE R 2x10°°, 4x10° F0 8x1075 [y FF Bk M 25 3 25 £
R HURORFER 92 %)FIRKANER, FIZ5 1 1K, 120h JEEFAMER HE 451K 54%.
10%F1 0%.
1.2.1.3 MIFFEAHY
VUKW RTBIRK s S fhcmk. BEVREAE. HF B aKM0N
B, BHEDSMNOKETE B R ERER, IH0mERsgs™,
1.2.2 ZEEARSMOR AR
12.2.1 BHE
BT R A R 18 N A B MBE KR+ 51 HT 41 fis% , JECFA(the Food
and Agriculture (FAO) /World Health Organization(WHO)Joint Expert Commmittee on
Food Additivies) AN EUZAE M IER histteBIES R, PTLAZE 1997 4E58 48
X JECFA KIUHIE T 5 e 4845 o i) MRL % 500pg/kg”%. 2002 48 1 § EMEA
(the European Agency for the Evaluation of Medicinal Products) #3#E3 % 38 &5 B¢
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LB KR EMRY

WER, BIERAEYE ADI K 495ug/ke, IR EFEEENE. 4. ¥. Al MRL,
{2 1999 £E YoshidaP™HRIE 4} o 4000me/kg (I3 B 4RINE 30 JEIAT LAS |2 R 4
BIFFE; 2001 4F Takizawal R 5 P B4 51 & AR AR IR 04E R 2002 4
Kashida™ i@ 3R R LA 51 R FVZSEFRE IR fE A 53L3142 DNA Wisa 2.
HEAE 2003 SE28 60 R4 L JECFA #45 1999 4E WTO %52 (] ADI DA R 7ERE . 4.
¥, A MRLPY, HA, FEMKESERFERERELER 1-3.

Z 13 PRARASATELEDNRXAGE
Table 1-3 MRLs established by EU and China for Oxolinic acid and Flumequine

%Y Bx EeN | BRE (ng/kg)
Drugname country Range Limit
L 3Az] 500
A% Hesa 600
R e Hih %k 600
th it (Png) 150
1.2.2.2 FHELBKmE

B THERMTRAENAEEN, #EERPH N ZHEWHET =HINaR
ZERBHFE, BE—EBE ERBIEEA. 1988 £, XEALRAGYERR
(FDA) T DMZ RE W N REFAENBELR, MEIRE/EDB2EH;
BkE2 1798/95/EEC M 25114 DMZ ¥ h 8254 M, EREMRR AR 2,
2002 F 11 A, JUMAREE R4 PRI DMZ 46 B7R tn#l. MNZ. RNZ. IPZ
HeFER . BiELE, BEHRASERHIERERE. BA. EESREER
AP AR E NER B H, kMY R b S ARNE A BEK S
22002 F FDA SFEAM T HIEAR D& B hEHK 11 F25 L%,
Hep @3 — ke, JARIREDkME, 2006 5 H, HAE EFREELHE,
A% i D BRI T KR B MR M ER, 3 H MK YR B K
BRZRERBERN 0.1pgkg. HABRIERL (RRPAEE) SIERH"ERPR
WAL Z S5 B e SR BIE"HRIF 2006 4 5 B 29 AR ERXHIT, X—$IEHE
HKs xR E B RAURF= S H I OHRTRAER, ERERSTHAERE"
FIRMALZRILH 15 7, Hh OB Pk, PRw, DR, Xy KR—B
B BT LR 2003 EMERAM THBHREN, EFRSLEL4RBYN
BUHGER, WIHFE S-REKMEIS UL S AR EESYH . 2002
F 3 AREBIFAXTREKREZEY R 35, RECR2002]1 EXHFRETE
RIRESY P DMZ, MNZPY, '



A RER AR

1223 MFEEXLM

HARRZRAY A RREENBENBERE, 852 ERFYBRAZY.
Bk B P % ) 90 Y b P A 2 2 B Bk B TR AN 18 485 100pg/kg
1. 3 K5 sE R R IR
1.3.1 BgBX % f&5% (ELISA)

BT ELISA AFRMARME. RBER. ¥R, SRTHERESSTHE
R, BIZATIYEEESPEARBEORN. AR RNHIEET
WSR2 E =R AL, 24 ELISA RN VR T $19E /7. ELISA RA&
EHCA BETE RS AR BRI ERER,

Hil MR AR HEKRRRANE, BENEIGHHAIE,
L.H.Stanker® % Fodey. T.LP™#F{E T HHXHF5T. Huet. A.CP™MRiE T FJ ELISA H:9%
EEMPNAARTE 4 HHEKSGBTHA L. ER2ZBIRN, HEDK
ARG, oS B S SR I SE B B o OB SRR e R LR, %R DMZ.
MNZ. RNZ. DMZOH #! IPZ ()Rl 88 F7 77 43 A E) lug/kg. 10ug/kg. 20 ug/kg
20 ug/kg F1 40ug/kg.

De Wasch %" HELISABTSL T 34 WAINS B b (0 IO SR K250 B, Beis kb
BT R AP BRARKFRIKMEIMLRE R E K. Lee HJ 20554 £k
FEBELISATT A, BB R AR DI ERGY RS . TN
N RS R R R E R W T IR KRR B R, RETREN T ERS
M-WERE, BOWERE, WA i4- i, FIDEEXRMERE, FIAK
REFRRESEERE( BRP R EES SRS MHMIENASHENES,
AR IO RRRERE, MHREE, MBRNFENSERSE) , ENAs
TR R, AEURARTNRMN, &R R B2 50.10mg/kg.

BRI 5o R (ELISA)ERETE SR I IR S AT KL BB R 0T, XA EEE &
FIRBNES, RARRER. REESE. HATUCEMASHA. BREZWN
XX B RELISAY: 5 th BB YE G R, BTLL, X PRt %S R BB A H AR E AR
—PRR.

1.3. 2 SR &% (HPLC)

EBAE AN BRI, eSS RERNATRONEEY
%o HRRHEEER HPLC BEADBRAURSSARSASSE. HTEX. B
O TRRZE. BARM BRI, XS EZE GC W, LB ITATELL
B, HPLC XAIRB G MERM R REUE R R A KRR T e R m
ME, RBEMEE. BET, FEHERYIINEHARES RN SR %I T

9
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(UVHFER R ZFD). HISMEPRHIR SRR BERA, FAENEENDILE
Wi/, BB MR — R B B AR AR 22, (R R AERT T A e R i g
IRZ. FD R—FREER. EFEROBIE, L UVHRBEES 12 /%
E%.

Harrv S 2V B g A 038 0 A B, 3 S P - 98053 R 4R B 0 52 X8 P 4214
TR ENSERREY, AT T kR, TNk ERE
e TR I Y BB B K A R IR A, ST ER 4 R MR K . Birklund ™14 A I
KRB MRIE, FRREAR S-SRI I 23 1 4 4R b P e e e A
BE, WRSRATEMAEREE, FREIRER, BRI,

RAEBAA TSP P MNZ, DMZ. RNZ 5 BRI HPLC 3™ 5%
FTREUA. FFREARD BN RS EREORI BTN 1pg/ke, 7 6~50pgke 7
R B RIS 60%~120%. FEMERZMZERI, WRAEN. BHED
SR BT ERAE . TRECERET THRIIHASAS MNZ. DMZ
1 RNZ BB B0 HPLC S ARS8k . HPLC ¥R H —E IR BuUs 18 E
BEES R ERRERERL, BRRMKER 10~50ugke B, FHEKEY
78%~91%, ERBUEE, RARA 10pgke, FH_HPHRMBFHHRK, UH
B T MNZ EM . 40 R A LA A B KPR B R HPLC %, TR0
PR 2R OERIRER, SMULAMEKE Z RN BRI EEET, Rew
WTIECK-ZMIREQ @ DEEMAERESRRESKT, REHEA. MNZ %
FARF KRR ATIE 1.0pg/ke, % FM R . 4 JHRIE £ YR I MNZ K 4 1pg/ke.
2ug/kg M dpg/kg BY, BEIE R 65%~82%, BREAKTE 6%~12%2 6. KFHL
MR F HPLC-UV ¥EBFA T — BBk MER A MR BN AS: eIy 7
HPLC-UV 551 T — FHOKMEE IS AR P R B s TR BVl T R A
ERE M A AR P ERM R ILREY. PHRAOEEERREE, BRE
A 1.0~2.0g/kg; PLE 8, 5T 46 500K A0 AL PO 4 SR P R S mk M S 25 Mk B M AE
BERMETR, BREZMZERGER, RE, HRERRE, CHRFENR
ERel . AR VERE pH4.8-52, 3 C18 /M, FREPEME, SphefisorbCls
HSE, 3200m &R, WA HEERRENR-ZHE85:15, viv). FRREME. YERNE
PR — FR R BK MR I PR 43 B K 0.5 kg 1.0 gkg F 1.0g/kg. PETSILIA SN
6.0ng/g K FEIMC RS> 5l % FIRNME 89.8%, FRENMEM 81.7% . — FIRSUKIL 86.6% .
ELA, B/ BB R R L B 20 4R o 3 T e J SR AR 6

HEBEOIBIUK R B op DUFR 2 K0 R 0 B 10 B OB € 3 ) 2 e 3R
Rla%m SRR AR EURE B P SR B P B, 2454038, Fi%1.0mL/min, BLZJE
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H10.01moV/LNaH,PO4(18: 82,vV) A HishAE, 3T AR SR RIETLHTF, Bl
FEKAH355nm. 7E50~1000pg/mLBEN, BERSHARKERRIFHOEEXER
(R*>0.99), LAIIE I3 FEARHESm 32 B BERORY R4 51:60.045 1 pg/eg( £ BEZ).
0.041pg /g(PUF )F10.080pg/g( £BEH). FEMIREIES 51 496.5%(+ B E).
87% (M F)F73.2%(2 B K). BEERRSD)/MF5%. Ueno RUIEIR T —Fh 4L
K& AR/ MR YR EIHPLC Rk, WENREN-BEN, DIHE-
ER(1: 9, VIV)NIBEWEBC TN, F28%ME AN pHIE $7.0, 500
#HK360nm, KR 40.02pg/g. Naoto Furuawa®H K% FCISHERC8E:, T
RACAKE, 3xFOR & w R g F AR P 1R FE B DU BR B A TR CAREELC18
BCSHEHEARRE, HRORNMRERENRERD, TRATHABCY R
. BEFIEREYT —FHENBEAGEERANIESRNN L BE. UKE.
SBR. BABRBRENSNHE. SRS 0. 1mol/L Na,EDTA McllvaineZE 1
WIREY, T Oasis HLBRE M HUEMICarbolic acid BIEFAT#kEE4k, FWEh
FYEE e A5 R S MR 2% T 350nmill 2, 7E5~100mg/kg VR inAK T H Eilk
FE60%~100% 2 [BLAAX AR ZETE16% AR . T B E . VIR KR H R H2me/ke,
SEBR. BABRORBERA Smg/ke. ZERSVETHRZWALR P IIHFERTE
F5% B K HPLCA I, AR 5 5% F SOmV/L 5 588 . Mcllvaine 2203 A4 IR EUK;
FE—ZE—0.01moV/LER A FSNH, HiEl.0mV/min, £REFTBE. NNHFE.
& B ENBICRNIFR Y 100mg/kg, E100~1000mg/keIRETEEA, ARAEAR B
B HT4.3%~97.1%, ZREEHN0.43%~9.54%. MWITEMRNRAR, BEEE
K A R, I 0 DO 3R 3 28 R T 5K

1.3.3 HHHEIE-FRiLE

ARG FOEE RIELEMENFER, AT AREE, 2 FEEX,
EURSHBEMTNEARE. SHRANFEHEEARNRBUER. %
YEEF. et BRIN#ET. SRTESRA, REK LA NSRBI,
ME KSR EEA BB B FHRE DR RN R, B 6T Rk
REAMEDR.

M.J.Sams®*FIf LC-UV #%i%, LC-APCI-MS HiEMMAL. FE+H K DMZ.
RNZ RHAREY. A.Camnavan®HHWEEFIE (TSD I LC-MS W& T AL
LRETH DMZ, Ff5 A ZE P (VL) RSO R R R, R EORGE REAC
HERME, DMZ FZBESE, SBEBETERTRIEBEST, RURRD
Sug/kg, IR ETE 5~20pg/kg B, [FI 239K F 80%.D.H.Pessel®H LC-ESI-MS
R B T MUAAR P IR R EE K54 B4 DMZ. RNZ. DMZOH. NZL. F

11



LR RETLFAIR

0, XEEEPRRTHEHRPHEGUAGYREE, BN, FR. SK
B T AR PRSP TIBRY 0.5~1ug/ke; 2 1AL IR0k ek
HYAKFEH 0.5, 1. 2 5K dug/kg B, WBEKCE: DA 61.1%~854% 20, BF
ELE 62.3%~80.4% 2 [8], WFRELE 61.6%~82% 28], K FHLLE 63.6%~84.1%
Z 0l Bpst, RFEEES BT K AUAHELAFREEoK MK 25 Y5 8 A
EERKAENE, HRAZMIBRRI. RE. i85 H BN R GRS
. AHEEBKMERZNY) B R SSRRE, BT I H T R 2 F B 7 B B R TAL R il
B, XARNSEFREMNEFEFHEZREANER, RIS FREmABT
ER. 3 FAYINE BRI RS 510 PR 0.8ug/kg. HEAEREME 0.1ug/kg — PR M
0.lug/kg, 1 RHTHIBITHIAIR Smin, 455 T A6, REE, 24pEcgsr
— PP E BB S EHPLC-MS)RY 4 FrSELnk K 2 (PR Me, By, B
W, ZETERHEME). Capitan-Vallvey!™VE KA LC-MS RMUKBET 5 FIREEDk M2
& &, BRI ZE 0.2ug/L . Hurtaud- Pessel®12s 2 37 38 f1L 41 41+ MNZ.RNZ.
DMZ 71 HMMN4 Fi S ZEpk M8 259 2 B MR A LC-MS B:, ZBM Z BT,
ERERBENT, AREER, RMRTE Sugkg T, HRABREE, FNKRE
K Spghkg B, 4 FZGYIEIKCRTE 73%~97%, R REN 17%~26%. E.Daeseleire
L C-ESI-MS/MS 832 T & $ ) DMZ. RNZ FI MNZ RN HE . &5, %
NIV PR R B SR B PR R W e I S o R Rk,
KSR, AHEERZBEHTERERMENRNERE, LEXRY, HE5E
FOEBEA C18 H) LC-MS/MS R4 HHBAZ FM+H]" fiERS AR
BARBSTE. ZMLAMHR LR 0.5ug/ke, BlliZ DMZ % 76%, MNZ
4 79%, RNZ % 83%.

Marc CECTHHPLCRIMS/ESHA RIS I 7 3 WAL R b IR BR P AE R IR
B, AM+H) EHTER, RIRR0.S5~4.5ng/g. %5 AR IURH FH Waters
FIAPI-LC/MS #id TRBIUFRMRI T, ERZHEAERBER. 84
WS R, 7 A E b BB AR I ESK . K Xterra MSC18£53% AF(2. Immx150mm),
TENARA ZIF-K (VIV=30: 70), FiE:K0.2ml/min; ZQFiEHME:F. HEFR
BREE, REEE3.TKY, #FLBE2V, BFEREH125C, ZLEEH350C.
1.3.4 SHGEINSHEBIE-RILE

SAHREES BERRGIE. BAEA, EREEASE, FEEHRIE
M. BBHERMREEYHEEMSIERNYR, TRSBGEEAB N8R
(NPD)E #:ll5E . J.H. Wang®V % 5| GC—NPD #llE T DMZ. MNZ 1 RNZ, BAB%
=B 0 WE, FEEKME 7 FE RIS FIRE MR BR AL, 3o FH 35 F B A X BUAE (SCX),s

12



LA REFR AR

ZIE-28% BB Sy, ERBRTEETREHEM . HETSAESE
BUGRH 3 f545/% 715, DMZ fl MNZ (RS BR 4 0.2ng/g, RNZ 4 0.5ng/g. DMZ.
RNZ 1 MNZ ZRIKEE A Spg/ke B, 3 M AIEIKE S 510 85%. 90%F 80%,
BRRBD DA 13.0%. 143%F 11.2%. Newkirk ZUURIE T A G 2 ER
WREWREERBNRARFHRE, SHASFERINERR 500g B, BRABNH
1.0ug/kg.

SHEE-FEERATSHEGIEENS BNk, XAEREERLSELEY
g R, TRBFRRES. TROBMEN. ATRERBERDWTE, &
FIRNREGREY) . BREIHRANAESRERMNSRTRY MRS, JPolzer’ 7
ST KISFEAR S 4 PR R EAIRBRERBYN GC-NCIMS (%t
BTFHFERE) ¥, Sg HERMBMEMBUK AR, SrPBEuH xR X,
ST YRERIRTEML, RREEER. DMZHMMNI. RNZ. MNZ i35 B Ry
(MNZOH)HIRYHIFR K 0.65~2.8pg/kg, IPZ MBERKMME APZOH)N 5.2pg/ke,
I K 95%~120%. Morris"E 37 i GC-MS-MD #y %% sh DMZ I IPZ &)
WRIAAE] 2pg/kg, ERFEYIFEMAKFER 0.1mg/kg i, RiEP a4 H 2R
A RRBIERFHEY. BhTFRIENLESHR, BREERANRENETR
BHREERN T,

1.3.5 HEWMNA X

Gaugain g > TR R A4 4 RNZ, DMZ R HMMN 1G22 5 H2ERM)
RERNNRBERAEEMPTLO)% . EMARNA S PFEXIUEAT, BEY
BT ZMEHRE, ECkBE, ZRENEBGEEERXIRE, SBERRTFETH
B RAR . BRI FIA P — 2B ZER. IRTIREWE %5 3120m #Y. RNZ. DMZ
1 HMMN I R B BR 4 34 2pg/kgs Sug/kg A Spe/kg.

WEETVEBIFT T FARHELR vk bl S 7 Y o DUFF B g . s
AR E T AR EREREE, MBS BHTEORE, SREY
F8.72~41.61pg/mLIREHE A BB SHEBHERE RIFOREXR. &
FUERHE ORI E X ARNNART UFREAN+BE, TANUFEE
BK365Smm FEFHAFN, BALBRESERE, WESHREX BT T,
R BR 450.2me/kg . 7 22 BV B 40 K — AR TUVE R SE K R L B R %
PAEENETE. BkEERE25~300.0mg/mL, JEEKER BTSN, BRR
40.5pg/mL.
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gl KRR FA03

1.4 BREXIHRNE
141 HMEX _

EHRARGARRREZ A, CAXE. B, FaiES TR SR
WZETRE. BTK. £. BEREER WTO FHRN+4%E, FH7%E
BRAER., B8, hERRUSTEHARBROBARRSE, BIMEXREHE
B, UIFMRE XELHHHRSEPHERE. P, ERLL2RENECRNELE
BENASRYPFR. 2H. HEANKARNERRAGZRERNFIRE, THAAY
B RIRBR R B EETER N ENRERR, MIREREFREERCEREY
EMERNRICRIRRR, ABREMT, B pgke K, BEEE. HATEIK
FRPAYRERNEREHE . KRER BB, HSH0ENEZE 5z
FE™ A& R AT A & MRLs, BIRUEZEAR=MP, RALRE G LR E
FEABRW. K™ P EZ5E BB R E SRR E KRR O 8 EREE,
B8 . REEAGEBERNS B REEZEARKFGEEZE. KUk,
BREK® P BEAREEFIEE OZEREA A MERENEREE HE
8, HPRWRARKFRE, BUFEERIGRBFEREEN, FALEEX
R Z R B RERM TR —EERARER.

HTRIRZ L HREH LR ERUH ERILRBR WA, TR IEH
HAK>RPOERRMESR, EXAMHOKEDRREEEREH SN, 258
ZAK=REOERERNSHERRSELHEMBR, BHERENKERRS
EXEXMH K.

GLER, ARV -EEZEREEEHSEAERBARENNZ L. £
5 B v 2 ORI SHAE ik A7 E R, XR—TEEARKEHEERES
MRS ERM TR T 1.

1.4.2 ARAZE

FREHAAABTR:

LB TR LK™ i b 3 PR s 2% B B O M £ S 0 S

2B FURR LK™ it A R B DK PR S B2 B R 0 A £ 3 o R R WU 5 T

3T SLAKT i o D PR 3R 2858 B B VA .33 o BB R WU 5 T 1
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LEBRFERERLEMI

2 MEBEAKE RN R TR BRI EHR

21 RIS H%

211 B E
5% LC-10AT, M RF-10Ax! ZERIMIAE; Waters2695, B 2475 A58,
Agilent1100.
BP221S R MF K. ¥EFE 0.0001g, FHEREZHMAF;
HR5JHK N IKA-T18basic: EE IKA A F;
eiRiE a8 EE KA UBAF;
KQ-600DE R Az BE A viss: BLUTBANSERAT;
Milli-Q &2tk : HEEAE;
EEE O B EEE 4000r/min, K4S TDL-40B;
BE¥ 7R 2% laborotad000: 7 [E Heidoplh 2 #];
N-EVAP 111 K {X: XE Organomation A .
2.1.2 FHE0R
AR ERRAE (& B>99.0%);
ZiE. R, IECHS b aiEag;
TKTRRH . EEH A T4
7K: Milli-Q #B4K;
Smol/L EEMNAER. HI 2.0 EENME AT 10mL ZEES, EF:
0.03mol/L EEMNPIER. BE 5.0moV/L. EEAPE 0.6mL, MABHEZRE
100mL;
0.01mol/L HM¥AH. FRINEER 0.90g, FI/KMBEZR 1000mL.
BEVEAR. AR, MBS (TE).
213 GitfH
i 4E:C8Luna i, 150 mmx4.6 mm(id), 5 pm, 2 Phenomenex 2 ;
. 35C; A
BRR: FOERWE, BRMK 3120m, REHHEK 369nm;
PENHE:0.01moVL BEE: ZJE=65: 35 (viv);
JiE: 0.8mL/min;
BHHEE: 10uL.
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L RER 2R

2.2 kST

22.1 kR 2R B4R )

PRUERE AW (1.0mg/mL): MEFRFRIURF SRS 10mg, 451 0.03mol
/ L EFMHEBA BRI ERZE 10mL, B 1.0mg/mL FIERHERE S8, B-18°CHK
AP REER. ‘

PRAEGE I - HER B IUE B P bR i R, P LR BB EE A 1.0pg/mL
A 0.1pg/mL, FRAEMEFHEE 4°CUKHE F R,

PRETEER: WHEIGE RIS, HZERBERIKREN 1, 2, 5, 10,
20, 50, 100ng/mL W1 ZF THEWR .

LHIbRHERNER . AL HIRRYE th 2R B AR VIR BE B VR B AR IR A T8,
B, 213 MTFHEERBHTIN. B—IREN3 4, KEFEAERRNF
BHE SR AR BRI AR R B, i EEA SR RHE RS
222 HaE

HIFE: AU L. BRI ARXT 0.5cmx0.5cmx0.5cm HI/MRERAD,
HET-18COMEH.

BRI BRAHER, B 2.0g, B2 0.01g; BF 50mL RZEBELES,
MZHE 10mL, JTKBERM 2g, PRI 30s, A 8mL iE %, RiEES Imim,
Ll 4000 r/min B0 10min, 2 LEFHE, TEBBEEZE somL BLOEP; 5B
B —A 50mL BAE, A 10mL 285, BEEWFTIKL 10s, SR BBAE—XE
LEP, FEEENZRE, WA SmL FOk, WHERK Imin, Bl 4000 /min 5
Ar 10min, FEERHHM, TEEBREBZE LR SomL .0+, T 55CFH
BARRET. HHIA 1mL0.01molV/L BERg: Z.J5=65: 35 (V/V) BALBIRREY,
YR 25 LR BE 30s, I 0.45um WITERE, BLEAORAIE LT,

2.2.3 BEIYRRIBXFRERENNE

Egf . iF. BEFAAR 25, WHRMASERERRETER, $RKE
A 1ng/mL~100ng/mL FI¥INEES, 4% 2.22 T T WREGRFEHTRE. DRIA
BEANGMEZ IR EE, FF-EARSRRERE.

224 LIRHR
BEVEAE. M. ARHRK 222 4

16



LR KEREERX

23 &R

23.1 tREREZR R EVA5E
BURHE AR, DM IR BRI PR, CAR R A AL AR AT 2k v (Bl
H, GREVURFENLEXRLIE>099, LEIRAENSELE 2-1.

FRE bR thk
1000000 [ y = 9074. 6x - 923. 28
800000 |
g 600000 f
B 400000 |

200000 |
0

0 10 20 30 40 50 60 70 80 90 100
W& (ng/mL)

B 2-1 1-100 ng/mL & F=£47f th 4, Fig 2-1 Calibration curve of Flumequine at 1-100 ng/mL
2.3.2 ¥ BRFNE 2 PR
EZRgE. 4F. B8 EVAARS S 5EMRFERERE lugke, 2
M HFREE (S/IND BT 3, RUAFRFERWBRIIA 1.0ngke. EXZEBE.
WF 8868 7 B LR A 2R ep 43 I I 3 B R AR UE TR I 2pg/kg, SBIEILEREL (SN
BAT 10, RAFFEREERYHN 2ugkg. NAEERKE (F 2-2~19),
SEBRYE, EAFYRENEMEEEEATHRIE.
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LEBREXERL AR

vors

B 2-210.0 pg/L A F&47£5 % &% Fig 2-2 Chromatograms corresponding to 10.0 pg/L
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Fig 2-3 Chromatograms corresponding to blank eel muscle
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L KER L EAR

vois

Vois

B 2-4 8 $wirht & &34 8, BhoKE: 1.0 pgkg
Fig 2-4 Chromatograms corresponding to eel muscle spiked at 1.0pg/kg

006
E
004 -4
002
] 3
w
ool ) ANR
0 S 2 4 s T e w12
Whies
B 2-5 8 & hoirtt S €348, BhokP: 2.0 pgkg
Fig 2-5 Chromatograms corresponding to eel muscle spiked at 2.0ug/kg
006 ]
i
004 ]
0024
=3
I
000 ] /\_I
0 2 4 @ s w12

Mh s
B 2-6 8 & odiHt & & E, HKE: 100 pgkg
Fig 2-6 Chromatograms corresponding to eel muscle spiked at10.0 pg/kg
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LR RERLFARY

096
5 004 2
3 ([
052 ]
000 ] 1
0 R 8 8 12
Mhes
B 2-7 8% @ AArH e &8, HAKFE: 200 pe/kg
Fig 2-7 Chromatograms corresponding to eel muscle spiked at 20.0pg/kg
40
FLU
304
o
1001
0001
¥ TTY T ¥ T T7rr7T 1 A ABEAA MASANAAAA REREE AL

& 2-810.0 pg/L R FEFrRER EEE
Fig 2-8 Chromatograms corresponding to 10.0 ng/mlL standard solution

Y
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3;)3 kL

@ om 3 ow oW
“

B 29 ZaFHRHE#AE
Fig 2-9 Chromatograms corresponding to blank shrimp
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R K FER LR

EU

5001

FLU

0.001
1,004
200
ey raay p S D U S S O
05 100 15 20 29 30 390 400 4% 50 55 600 6% 700 7R A0 8% 900 6% 1000
2%
B 2-10 SFAuirts EEH, HhoKF: 1.0 pgkg
Fig 2-10 Chromatograms corresponding to shrimp spiked at 1.0 pg/kg
10.
8.00-
FLU
6.00
2,00
]
0.00+
" '1.&)' ’ '72.&)' i '3,'00' o '4.;)(; T S}X) o fa,bo' 'fr7.lw' i 8&) o 's}so' '
o

B 2-11 SFhdrtf o &350, HmKE: 2.0 pgkg
Fig 2-11Chromatograms corresponding to shrimp spiked at 2.0 pg/kg
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R REB AR

18.004
] FLU
16.007
14.007
12.00]
10.00

8.00

EU

6.00]
4.00]
2.00] N\—’)
0.00

— T L e e e e NI e e ot e o T
1.00 200 3.00 4.00 5.00 6.00 7.})0 8.00 9.00
58

B 2-12 SFAiittb €4 E, HAoK-E: 100 pgkg
Fig 2-12Chromatograms corresponding to shrimp spiked at 10.0 pg/kg

00]
3. FLU
25001
2000
1500
1000
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000
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S0l

1.00 2,00 300 400 500 8.0 7.00 800 000
5o

B 2-13 SF e drtt &b €4 H, HBwKPF: 200 pgke
Fig 2-13 Chromatograms corresponding to shrimp spiked at 20.0 pg/kg
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B N 047

1.407

1.20

2

0.801
0.60
0.40+
0.204

0.00]

T e e e BN LA S i S e e e e e e e [ e e e e o A e A
0.00 1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00

EV

1.00+

flu-7.115

a0

B 2-14 2.0 pg/L AP AR5 R 6148
Fig 2-14 Chromatograms corresponding to 2.0 ng/mL standard solution

2.00]
1.80
1.60
1.40°
1.20
1.00]
0.80-
0.60
0.407
0.20]
0.007

-0.20]

o y o T s Ay
Fid:d

B 2-15 Qe i 68 H
Fig 2-15 Chromatograms corresponding to blank carp
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AR FE AR

(28]

EV

—r T T T T T T

1.00 200 3.00 400 5.00 8.00 7.00 8.00 2,00

L A S [ S SO S e e St S S e e Bus )

ae

B 2-16 82 & mirHt & &4 W, BAKFE: 1.0 pgke
Fig 2-16 Chromatograms corresponding to carp spiked at 1.0 pg/kg

1000

1601
1.40]
1.20]
1.004
0.80-
0.60
040
0201

0.00

040l

FLU

LA (LA B A S Nt S N B Sy R Bt s B B s pan

T
1.00 200 3.00 4.00 500 6.00 7.00 8.00 9.00
5ot

B 2-17 & & hofidf o &4 H, FhoKPE: 2.0 ugkg
Fig 2-17 Chromatograms corresponding to carp spiked at2.0 pg/kg
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LB RFR A FALR

L SLARE A0 i St S S St e § LA L2 Z S L B M Sy S B S S S B e g §

T T T
1.00 200 3.00 4.00 5.00 6.00 7.00 8.00 9.00
S

A 2-18 82 & JodTh &0 &4 H, FmAKE: 10.0 pgke
Fig 2-18 Chromatograms corresponding to carp spiked at 10.0 pg/kg

] FLU
7.00]

6.00-

500]

4.00-

EU

3.007

200]

1.007]

0.00

1.00 200 3.00 400 5.00 6.00 7.00 8.00 9.00
S8

B 2-19 626 hoifH & &40, FKE: 200 pgke
Fig 2-19 Chromatograms corresponding to carp spiked at 20.0 pg/kg
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LRI AR

233 ERERTRAEAR

B EKE R ENAAR 2.0g ERKFERBR, BIRES R TFERES
5.0~20.0pg/kg FIZMPESL, % 2.2.2 SBP AL ORI A B B #1T6I%
. MEERETERFENSER, UNABRUBREZ it E R R, %3
ARRIKFE, HEANKEER 6 MERKEREFERANZERRE: SMRE
&3t WEAEINERRE, SRIEK2-1~2-3.

LR R, FEP R P Sng/g. 10ng/g. 20ng/g BRI 138 Bl &
7 85%-105%2 1. HAEREH<2%, HETRZH <%, LERESHLT, H
BB, HIERMERE RS &R AR AR MBS,

2.3.4 MEHRLER

KHBT BT X T RE R EEEGR. B, AT TR, LFFER
PEFEEERTERY, BREEF.

2.4 11ig

24.1 BEFHHHL
2.4.1.1 FEENHARIESE

FOLRI B F AR ERKBEFRMRUMN e ERPrE. FHZBEOEREY
FRENAR L P S R B PR RE RS AR B BT R kR i FE U8, b4y %
ETHLF-KEARKBREY. - FE-KREVYMZIE-NEkmKBEY=F
TEMRIAE, GREMEH ACN-THF-0.02 moV/L KIBEM A AIE R FizIH,
10ng/ml FIARHERIE LB ™ E, KRR, FHERBPRARASHE T
8 10ng/ml FIFFERERR K 3120m, RHF K 369nm A HIZEGIE 5 4B RK
REFEMEAL RIS RMEARZE M D, BT R RE MK RIHZEPER-KREEYEHN
WEhAH, BREME. XRE KA ACN-0.01moVL X MIE MRz, ZEMNER
WEERNAE, 7T LABEEA H R 2] 2ng/mL.
2.4.1.2 FEBNHE LB AIE

A TGRSR, RATRASHEVER, B Z0: 0.01%MELER=35: 65(V/V),
WY RERETE 9 B AT E. TRHMAT ZHE-ERMLLH. ERIOKRE. &
BRFESETE RRE RN, B RAEPRR AN Z B RMERET
KRR RER, BEE ZRELOIn, FFRa R R, BRZHEK
B8 hnxt R NAE A B (B 2-20). SZE5HEI T 70%8, BHH
BRE, HZBLHIEME 75%0, BNMERENEREL, BEREYF. F
W IEXT A R BB PN E M WHAT TR, KA FIRE K EBRT %
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LR KRR

HEXREREZW (B 2-21).
AXEEBIRBHEMELEY>SENZERLW, BREHET LE-ERLE
2 35: 65, EMIKEN 0.0lmo/mL, HiEH 0.8mL/min, HEH 35C.

A2 1 Sempy BT EEKERNTLEE (1=6)

Table 2-1 Recoveries of Flumequine from eel tissue

AR
K ok (B ALmes: ¥ cv
BiLiix i} K EPve: 3 REcv
Added level Results (%)
Analyte Batch Recovery (%)  (%)within
(pg/kg) (pg/kg) among
batches
batches
1 3.812 76.24+0.99 1.33
5 2 4.125 82.50+1.11 2.52 3.77
3 3.658 73.16+1.08 2.02
1 8.93 89.30+0.56 3.12
T 10 2 9.62 69.200.61 4.05 4.7
3 9.41 94.10+0.62 2.11
1 21.93 109.6+1.22 391
20 2 20.89 104.4%+1.19 2.88 5.79
3 21.01 105.0+1.25 292
k228888 FATEEKERZLER (0=6)
Table 2-2 Recoveries of Flumequine from carp tissue
R
K BugER AR ¥ cv
2N ¥
ST P - & ¥ cv
Added level Resuits (%)
Analyte Batch Recovery (%) (%) within
(pg/kgd (pg/kgd among
batches
batches
1 424 84.75+1.24 1.38
5.0 2 3.99 79.75+1.36 2.28 4.65
3 3.87 77.50+2.01 3.22
1 9.04 90.40+3.11 2.94
L 10.0 2 8.98 89.80+0.12 1.89 6.19
3 9.63 96.30+1.34 2.06
1 15.70 78.5+£1.26 1.17
20.0 2 14.40 72.00+£0.62 2.11 4.89
3 14.10 70.50+0.41 2.17
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EERERET AR

A 23 AR P RFEDUERILR (n=6)
Table 2-3 Recoveries of Flumequine from shrimp

St BIKE BE#HEK BAUER Bl HATR HEER
Analyte  Addedlevel  Batch Results  Recovery(%) ZA¥CV R¥ cv

(pug/kg) (pg/kg) (%) within (%)
batches among
batches
1 3.949 78.98+1.23 1.09
5 2 3.162 73.24+1.31 1.21 6.44
3 3.213 74.26+1.27 1.23
1 9.63 96.3+0.76 0.76
B 10 2 10.03 100.3+0.67 0.67 8.92
3 11.03 110.3£1.17 0.79
1 19.08 95.40+0.83 0.87
20 2 18.92 94.60+0.79 0.84 6.41
3 18.96 94.80+0.76 0.82
242 BB iR M

24.2.1 ZERFEMZERR T 0%

B AR RE R AT 4 SR 3 P AT AL ERAR B 4L 7 R B, B B3 s R e AL
T A (Bl AH A BURE 222 SPE H:, SPE ARMIEAIAT AR C18, C8, C2 BUE L4k
—ZZSHESLRY, EEMERTERE LR, SHESRRAEE —EEX,
FRPERET A HRGEEERAOBEER. REHEETHHZRIER.
5. —EHE, CREEARBBHRR. BTFENAFLREXNERE, —&F
XH; AZSRFREBROTEEREOEERPEREY, LEBRASRK: FRAZ
B®ZERZ BRI EREHEERK, BRAZETUEEMEDKREMN, Bk
R BE, BT DA Z R R 3R A 88 A L PO AT /R RIVA B B R P (5~20mg/g)
FrbdRE, EERISTE 85%~105%Z [H].
2.4.22 ERBERMLE

KRB LB T EROIRE Z T EH ARSI 0.01mol/L KIEE M. 0.2%F
BER. L8 0.01%5E® (V/V=1:1) XNUFHARREFSRLEER, S5, #¥
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LB RFR L FAR T

MEEMER, GREFFRARSIHEENTEILEERET.
2.4.23 REVTERIEE

AR K5t R — R FA R E AR B EEAS R T KB EET T 20, 25
TTABRREERARZET, BRRERRET, PMYRERNKEZ TRHRER
WAGRAEZE TR EMER. GRRA, BREABFRRRET; AEEERE
FHRABRMRBZTRREEF, BEAEETHYREREARZETARLER
R

61
# 5 ."-.,
-

] ™.
Hj 47 A “u
ﬁ 3 T s =
i o b S -
(min)

1 L

T RAE
0 1 1 1 L. 1 1 1 ] J

40 45 50 55 60 65 70 75 80
LEEEE®)

B 2-20 AzhAa T FRE o) 6 LAE =R G B I8 69 B oh

Fig 2-20 Effects of different proportion of acetonitrile and oxalic acid on retention time

3.25 [
3.2 [
s .
WA S —
3.1 [
3,05 [ R
3 1 i (]
0.01 0.02 0.03
BRI (mol/L)
B 2-21 RRREEHAN RN TR

Fig 2-21 Effects of different concentrations of oxalic acid on the fluorescence
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243 BEMMR
FFELREREFRE TERRERE THRAARFNEEH. XART,
BREZTR (20-257C) B 4°CIHIFE 96 PMITBHFE, BEREREBEHERLW.

2.5 INGE

ALRBETAUEBEPRFESBORABBAAGERCRNE. RPEE
Ing/kg~100ng/kg EE R X R R, BPEREEMAXREIH>0.999, . RHF
EERRTR A 2.5pgke; BPEKIEERYHA Spgke. FFET R FEESRM
KFE B BIMRTE 10%~100% Z (6. #tATRRE <4%, HitEERRZH <%,
SRERMN, PRER, ZHERERE. REER. By, 86Tl
BRI .
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3 FHELRRIL A7 7K 7= 50 R B TR BB A 75 SRR 5T

3.1 BB 5AE

3.1.1 (X B

{)‘(1

Thermo Finnigan TSQ Quantum Access A8 5,155 4> &5 B DU AR AT T3 B¢
ACH ESI .

BP221S BEF AT RF: FEEE 0.0001g, FHEEFELFIBAR);

S5 HL IKA-T18basic: #8E KA AF;

RS 2S: #EE IKA X#EAE);

KQ-600DE B Hiiz A piEvEss: BILWEEEHERAT;

Milli-Q B4t : FEIEAT;

EEE P BEEE 4000r/min, KASHE TDL-40B;

HEHE 7&K 2% laborotad000: [ Heidoplh A H];

N-EVAP 111 £ {%: F*E Organomation 2 7],

3.1.2 ¥ EFnik 5

FFHMMTZ). = FIEM(DMZ)FE R RNZPRAER (AiE>99.5%);
AR RS M(DMZ-D3WFAER (100pg/mL);

R, R, B (hEiga);

ZER LS. B (A e,

0.1% PR (& 0.5mmol/L BiRRH);

0.5mmol/L K2HPO4 Z i (pH 8.8).

R KRS GB/T 6682 —HKIER.

PRERE RV 1.0mgmL, AHIFREUER K MTZ. DMZ Hl RNZ fxHEdh, H

FRE B AR 1.0mg/mL KIFRHERE &, B6-18 CTRAE, WA,

TRIREF: #ERTRE MTZ. DMZ fl RNZ fRHEME & E W, AR ZE R

BECRL 1.0pg/mL 0 0.1pg /mL B AW, 8% 4 CHARGRE, REHNI3IANA.

PAIFREFIW:  1.0pg/mL, #EFEIRER 100 uL DMZ-D3 FFAER# (100pg/mL)

T 10mL BB, AFRRREEZE, 8% 4CTRE, WA A,

BEIERET. . AXPER (TED.

3.1.3 Bt &AFRIE &M

3% Hypersil Gold C18(2.1mm x 150mm, 2.1pm);
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LR R ERL AR

WBIA: A, 0.1%FPRREK(S0.5Smmol/LERE); B, FE; BERBRERF:
0—~3.0min 90%A; 3.0~5.5min 90%A~10%A ; 5.5~8.0minl0%A : 8.0~8.1min
10%A~90%A, 8.1~10min 90%A;

W#: 0.25mL/min;

BHHE: 25pL;

Hi#E: 35C.

BTFWER: XKREEREE TR (BSD, EBEFHER;

BIEHE: 4100v;

S E: 35psi;

HEVSUiE: 3L/min;

BTHEHEAERE: 350C;

FAREESEEBRE: 10v;

HEFLBIE: 35v;

PR EFERNBRA (SRMD;

QI %: 04Da;

Q3% : 0.4Da;

RESES: €5, 1.5mTorr.

3.2 HiERAL

3.2.1 kRAE M ZRAOER 6)

4 HIERE B ER0. 1pg/mLVE-& AR AEF FH ¥59K0.020mL 0.050mL. 0.100mL.
0.200mL 1 pg/mLiB-& FRAE A B ¥¥0.050mL 0.100mL. 0.200mLF 73R,
B 74N RS 4 5 MA0.050mLIRAR — M N bR, PRI (K
=10:90) WHERFZEImL, WE.

3.22 HaE
3.22.1 HI#

BUKFER T &84, YIRAKTF 0.5cm x 0.5cm x 0.5cm f/hER, A%,
%H. : '
3223 W

HERFRE.0gBE M B TSOmL A EBOE R, HERMASOULITAR — F M AR
W, FiRiERA R LHRERE30s, BHE10min. HIA3.0g KRR, B’
A, BIASmLZEEZ B, FHeRIRT %% LRIERE Imin, BB 10min, LA
4000r/min® L»5min, B EERFSOmLAEHED. ERE LRRIGE K, §HT
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MZEREUE, T3SCKBHEEERET. BHMALOMLFRE (FE:K=10:90)
VR R SRR EY, S0 2umEBEBIRREM S, BLBARAE-FEAWE.
323 ZBREM

BEEGE, BB, AT 322 4.
33 R

3.3.1 ¥rifEd L%

BARBRIREN 1~200ng/mL MARFIFFERR, URNYS AR FEERLL
HYPMER, RFUDRREIREABREFRHITRERIA, 4RK%, DMZ, RNZ#
MTZ BRI AR E S5 5h 0.9995, 0.9998 Fi 0.9987.

Y=-3239.03+19393.3*X R2=0.9998 W: Equal
1000000

800000

400000

200000

FTTTTTTITTI TTI TR I T I AT T I oTgTd

D 10 20 30 40 50
a:RNZ
Y=-336.216+20455.4*X R*2=0.9935 W. Equal

]
1000000

800000

8 600000
<

400000

=

200000

TP T TT T T T T T TITT[TF Vv E[ryvTI Ty
0 10 20 30 40 50

b: DMZ
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EHEARFER L F AR

Y =-12000.4+32933.2*X R*2=0.9987 W.Equal

1500000

3 1000000

0 10 20 30 40 50

c: MTZ
A 3:1 1-100 ng/mL A oked K A7 i 4
Fig 3-1 Calibration curve of RNZ, DMZ. MTZ at 1-100 ng/mL

332 BNRAMESR

Ty MR R — R AR R R L AME B B, RIERRE RIME, AHENER
R EAEFRAG ORI, TSk LR R RIRE SRS, FEnER
R FSZE R A — & TR (R R ATR T, T e E i
BRI BARIREE . A SCTE S E1RE B P TR IR KM, DMZ
MAKSER 2.0pg/kg, MTZ F1 RNZ #7KFH 1.0pgkg B, MTZ. DMZ Fl RNZ
BEREENAT 10, TTEHELEERTEORY DMZ B RTLUAZ
2.0ug/kg, MTZ FI RNZ EBRATLLAE) 1.0pg/kg.
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B 2R e Nt F s TiRE
Fig 3-2 Chromatograms corresponding to blank eel muscle

KT 000- 1001
) AT
DMZ
4
e - gl!‘%i\' a0
3
2
: DMZ-D3
é ’g\
e
A7 1]
MTZ

| §

[} 1 2 3 +

5
The 08

B 3-3 MTZ. DMZ #= RNZ 4474 (2.0ng/oL) % DMZ-D3 #5i4 3% F AR

35



EEEEXEFRLFR

Fig. 3-3 Chromatograms of three Nitroimidazole drugs and internal standard spiked (2. Ong/uL)
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IPORISITY PT. 4561459 AV T WML 925E3
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A 3-4MTZ. DMZ #1RNZ iB&+5# (2.0 ng/mL) % DMZ-D3 H)/Ri%HE
Fig 3-4 Mass chromatograms of MTZ., DMZ . RNZ and DMZ-D3 (2.0 ng/mL)
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B 3-5 8% & ¥ G H 5% b B e MIZ. DMZ, RNZ Fo DMZ-D3 #4345 B TR H, FhwAKF: 1.0 pg/ke.
Fig. 3-5Chromatograms of three Nitroimidazole drugs and internal standard spiked in ee] sample

Spiked level: 1.0 pug/kg.
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LiEBERFRL AR

B 3-6 88 & ¥ G4 5% Fihw MTZ. DMZ, RNZ A= DMZ-D3 65i% 4% B F AR, SAoKP: 2.0 pglks.

Fig. 3-6 Chromatograms of three Nitroimidazole drugs and internal standard spiked in eel sample
Spiked level: 2.0 pg/kg.

RT:183

DMZ

oo 1S 152 289 a3y '%L!nﬁ vm RT:)5% RAT:8B1 s
¥+
DMZ-D3
ML a2 L
T ——

Pewe Aimor
8o E 3 § i 8o

L

]

B 3-7 Ea bR AAK-LEBHENFDHETAB, FwKE: 2.0ngke.
Fig. 3-7 Chromatograms of three Nitroimidazole drugs and internal standard spiked in a ling sample
Spiked level: 2.0 pg/kg.

v 38883808888 38883-33823

™
15 T
088 1Y
1, M8 sa T gy A9

H ] H H i [ ¥ s ’ »

B3-8 ZaHAEETAR
Fig 3-8 Chromatograms corresponding to blank shrimp

39



LHRERERTFAIRI

500

DMZ
044 030 $34 197 270 308 300 AN &J‘ 555 077 030 758 790 850 928 40

DMZ-D3

037 108 130 145 208 208 323 382 426 24 g5 73 s 805 9M

o322 lorsssnsl

. 22883

]\
107 A ITANS 200 308 3% ) \ ST sniemes 12475 80 91 em

Lz

RNZ

050097 151 208 250 347 49T 351 830 653 001 T42 770 840 012955
3 4 . ©

B 3-9 ¥¥10.0 pg/kgftme R i 855 FAH
Fig 3-9 Chromatograms corresponding to shrimp spiked at 10.0 ng/mL

333 ENEREFRH

RS 4a . B AEFRER, WIN 3 FIRNROKMRIRER AR, B8N
EREIRE. SMERESNE 6 K, BEIENBEE, HRAK3-1~-3-3, H
M EEERE 3-2~3-9. KRAEREKH, Fikd 3 FIEEKMAETE 2.0pgke.
5.0pg/kg 1 10.0pg/kg FMKFHF I EELE 86%-102% 2 8], AHXFRHERZE <
6%. & REEIEGT, FEIERE, J7kiHEm AR %R T LA R AR A R .

£3-1 B & hire R AE R R (n=6)
Table 3-1 Recoveries of DMZ, RNZ and MTZ from spiked eel (n=6)

FAF B W &4 ROBEME  EXRER

fﬂT% Added level Detectionresult  Recovery =
Y aghe) (nghke) (%) RSD(%)
1.0 0.81 81.00 9.4
DMZ 2.0 1.70 85.00 7.06
10.0 9.59 95.90 552
1.0 0.79 79.00 10.06
RNZ 20 1.78 89.00 7.19
10.0 9.49 94.90 5.53
1.0 0.99 99.00 10.19
MTZ 2.0 2.02 101.00 8.96
10.0 9.67 96.70 5.91
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L R ERT #0083

£3-2 drmire R R EFZHK (n=6)
Table 3-2 Recoveries of DMZ, RNZ and MTZ from spiked shrimp(n=6)

AmAE R W % R Bk HANEHER

e Added level Detectionresult ~ Recovery ®x
Anadlyte gkg) ghkg) () RSD(%)
1.0 0.82 82,0 9.13
DMZ 2.0 1.64 82.08 6.8
10.0 9.59 95.9 448
1.0 0.81 81.00 10.18
RNZ 2.0 1.78 89.25 7.54
10.0 9.52 95.20 5.96
1.0 0.96 96.00 11.62
MTZ 20 1.94 97.00 7.52
10.0 9.70 97.00 5.55

£33 2 H &P DMZ. RNZAMTZE e i E (0=6)
Table 3-3 Recoveries of DMZ, RNZ and MTZ from spiked ling (n=6)

BhACE B W o4 R Bk HANRER

kK

Added level Detectionresult  Recovery =
Analyte (ug/kg) (pg/kg) (%) RSD(%)
1.0 0.94 94.0 5.6
DMZ 2.0 1.72 86.0 4.9
10.0 9.87 98.7 2.8
1.0 0.97 97.0 34
RNZ 2.0 1.98 99.0 4.3
10.0 9.87 98.7 2.1
1.0 0.95 95.0 4.6
MTZ 2.0 2.04 102.0 4.8
10.0 9.89 98.9 2.4
334 E%

DMZ. RNZFIMTZ{)E 53 3R Fim/z96.17181.1, 1407155, 128 F182.1 %3
MXTERELR N, He5VGRER BT ER LN S RIER,

AIARRERBRRETEEER
Table 3-4 The require of ion abundance
MR BTN ER ,
KEH) TR
The relative abundance of . .
Allowed relative deviation %
metastable peak %
> 50 +20
> 20 ~ 50 +25
>10 ~ 20 +30
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<10 +50
335 RRRNENESETF. FEFMMEESR

HERNBHESET. FEFRRERGELR 3-5
& 3-5 # TCs A Bhey g5

Table 3-5 The mass spectrometry conditions of DMZ, RNZ and MTZ
ByieaY SBTF (w2 FBT (wz) RHERE (ev)

Analyte Parent ion Daughterion  Collision energy
40*
RNZ 201 140 12
55 25
96* 18
DMZ 142
81 24
128* 17
MTZ 172
82 24
DMZ-D; 145 99* 16

33.6 LRERNE

KRS EN TS REN BT, 8, AX"RHT TR, MK
MEKER B R A
3.4 i1t

34.1 RV LRGHTAR
34.1.1 ERARAIERE

HEKMRAYPRR ARG W-BEFEBEMEAAZERE (SPE).
BAHERENEMRSEUBREEF %, BRPRED, FWEZBREKFER
WK, EALAR. SRR AR T a0 A X B B AT A B L AP AR
K. AHERFR-EERE, FirgmdB2ead, BEFEmERg.
34.12 REUAFIRYIERE

SCERHRGE O TREEEK MR Y IRIE MBS Z 2B FBE. 8. B,
ZEFRSHHIEFIEY, SR KB R 5 28R Z B R R K MR Y (4R
B RERE, BEZH8FRMARERER, REAKE. RN BFHEEXKMHR
BRESHHAE— R, EREZARPRPEREKKBERERSBERERIE,
B R AT AR SRR P A R R EHLE N, AT FZRZEEA IR
B
34.13 REARMERE

TS FNER T iRIE. BERRG AR FEFERG =R, &
BEHW, REEEBFRERGRIELES, mARMELLERRE, BHkEs
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LA KER AR

PR R G BB RS R EUT K.
34.1.4 ETRENEE

LW HIEETI5C 4SCHRSSCE=METEENEIRERNE R, £RERH,
BEEREMHABDMZ, DMZ-D3FMIN RS, RNZ. MTZRmN g faE. K
F45 CRISSCIIETERER, RNZ. MTZY2 D PR i W R8BS 1 5 BBk
R RS CHRETERERN, MTZ. DMZAIRNZK B EB80F, Eit, &5
BEREISCHETEE. ANNERREZETHANSERT, mMARTRERNL
BN E AN, BHIEHEIKMA Y5 .
342 EBRRMMIEE

LR T AR AAFE. B.REK (50:50). C.HzNAH— B ELK (10:90)
SHEBES, EREN: AREIETEAER; BAIZEIERRE: CRIBELEY.
ESHERIEHER (FiE—HKFE02mL/minkA), FTERHE. BRAEHh, WAL
mE A EERE, MRRERK, ZHEANRERYE, BTFHREERRE, &
R AR, WHAKRITET, FASULERRITERTREHELLE, FBAE
AR, EEWKR. BEAFEEEC.HREE—FE: K (10:90) 4 EEHEM.
343 BilRAMRL

it EAERAC188,H C8 RARKE T, %Thermo Hypersil Gold C18 #:#
Agilent Extend CISHRIRURHAT T V45, RIL_F WA TIHEFA ST
8. A58 K Thermo Hypersil Gold C18k:4E 443 HrkE .

SHFREAAPOEYAME, FHLET FERZENER, SRRIFEEESD
FEENAH T LR 4 AR A R R BUE A B RCR . ERBIARR AP IAIE R 1
BB, PR, WU TR, RESTFUEE, ERERFTE
BRI R T RGN A ik,
344 RiEFHMMRL

DMZ. RNZFIMTZH4F4HmE1-157R, F4HZEL20 pL/minf)FEEAN
2ug/mLKIDMZ. RNZ. MTZFIDMZ-D3/RB &R, 7Em/z 100~300 H#TEH
AUEB TR RERRHE, RAXSEYH M EgLER, —
Sepk B Ain& B FRIENHTE. MEDMZ. RNZ. MTZRIDMZ-D3I4 T & F4
Bikm/z 142, 201, 17281145, 4514142, 201, 17200145 A BB F, #ITTFHE
FHH, EEREREBRM[ M—NO, +H] 'm/z 96.1{fE ADMZH EE B T, KENIm/z
81.14EADMZIEE B B B B9 A M—NO,—CH3+H]" m/z1404E ARNZ
KEBET, KEFIn/z55fE ARNZMEHSF; EIFEERRK[ M—CH
=CHOH+H] "m/z128fE AMTZIIE B E T, YOGRMIm/z82. 1EAMTZA E R F;
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m/z1454F ADMZ-D3R B F. B LAERE R M I B (SRM)IE B F AL HEFL
& (Skimmer offset). B AEE (Collision energy) & FiE2%.
3.5 IhES

ALIFRILT R E KRS B IR & B S AR A 0 B B R i
3 PREEKMRTE 1ng/mL~200ng/mL TEE A LM X R R, DMZ. RNZ fl MTZ
RIZHEMX RIS H0 0.9991, 0.9995 F1 0.9993. DMZ. RNZ I MTZ HEET
BR 4504 2.0ug/kg. 1.0pg/kg F 1.0pg/kg. HiEF DMZ. RNZ # MTZ 7 2pg/kg.
Sug/kgs 10ug/kg F MK FHIFEH B R 86%~102% 2 18], MM FFHERE <6%.
SRESHLG, EWER, ZHERERE. RBER. EREE, E46T M
B AMR.
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4 MARELGYET ELERNRERN T ENR

4.1 MRIS5H%

4.1.1 {LEMRE

Thermo Finnigan TSQ Quantum Access A8 4. 1% -5 43 3 &8 BX DU AR AT F S BX
f%, Ae% ESIE. - ’

BP221S BB F T RF: K 0.0001g, FHERSFIMAT;

2R 5 # 1 IKA-T18basic: {EE IKA A F);

WeR R A aS: HE KA XBAH:

KQ-600DE R ¥iFiBmkiE s BUMEBENBHERAR;

Milli-Q AKX : BRI

FEE L B EHE 4000r/min, KASAE TDL-40B;

T 7 R 2% laborotad000: 15[ Heidoplh A F];

N-EVAP 111 & {¥X: 3%E Organomation 2 F].

AR E
4.1.2 ## iR 7)

Oasis HLB /ME, 60mg/3 mL;

WHE. +EE. 2ERNBNERFER (HE>99.5%);

AR, Tl BRE. ZRIE O9hEEL).

PRAESESVAR: 1.0mg/mL, HRHRIWERMTBER. UXE. SEENRN
EXRER, BAPREARMK 1.0mg/mL MFRAEM LW, BX-18 CTHRE, Al
RA—4H.

BRERAR: BRRRLEER. UXFR, $EFNBNIERFEEZER,
R EZSHBRA 1.0ugmL 7 0.1pg/mL BAEB, B 4 CRBART.

ERBEHRELERR: REFTERNEELIEER. UXR. £BR. B
ERMERGERE, AZ GRS IRBURRRRE LR ENERREFELIER
B, ERBEFETERRE 4CRE, AER=X.

MCI ZMHEH: RS 1 AMSRKRg BERE—H 109g, ZZREZ
BM_91372g, MKZE 1000mL, FRMELLHF pH 2 4.0,

#EEAF. B, Mm%k,
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413 SHEH
4.13.1 &iEEH
fai%k: MGIIC18(2.iImmx150mm, 2.1pm);
RBIAH: A02% FREM(E 0.5mmoVL BEMR4); B.ZMS; MahHLLHl:
A:B=7:3; % 0.25mL/min;
HAFE: 10uL;
HE: 28,
4.132 Rl &H
BB KRERMEE TR (ESD, EETHER;
WEEAE: 4100 v;
BSEJ: 35psi;
HBYSPiE: 3 L/min;
BFEmERE: 350C;
HRREEESHERE: 10v;
B HBE: 35v;
PR EFERNBR (SRMD;
Q1 g% 0.7Da; Q3 FiEH: 0.7Da;
WESEH: &K, 1.5mTorr.

42 FEEIL

4.2.1 FRER &R

7 AIMER A 0.1pg/mL RS FRAEE B 0.02mL . 0.05mL. 0.10mL. 0.20mL
M 1.0pg/mL BAFRUEME K 0.05mL. 0.10mL F 6 MRS, AZAARIR
IR BCH) 2ug/Ls Spg/L 10ug/L 20ug/Ly SOug/L 1 100ug/L FIARHER R, B
e
422 HmLE
422.1 Hi¥

BUKPE ol 834, YIAKTF 0.5cmx0.5cmx0.5cm K)/h ke, 5%, &

H.

4222 £M

HEFFREL2.0ghF 3 B T50mLAEHOEP, MAMCIZNWEHEHSmL, Theiix
Y% LR BER N Imin, A HIRE10min, BL10000 r/minESL»10min, B L& T
SomLELEMF . ER LRRINSE IR, &HFRIUK.
422338
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Oasis HLBFAK X FHSmLF B, SmL/KiE4L, BUER EE#HEH, E3mL/min
R S EARZEE, fLEERTERBE, BSsml S%FRERHKE, FEEH
W, WEMTSmin, BESmLPE : ZMZE=10:90 (V/V)BEME, SoBis
HASKTFEEABITS0C). HMHMALOMLEIMN, RIERSHEREY, T
02pumPEME B BEREM P, LU - BRI E «

423 LFRESE

BRIk 422 1.
43 LR

431 &MHEE
BB BIRE A 1~100ng/mL BIRFIBFAER I, UAAFIIAp AR L A0 4R,
MR RERE A ARITEMERIE, REEHXREULAE 4-1.

Y=-8573.17+5801.62"X RA2=0.9088 W:Equal
600000

500000
400000

]
& 300000

a:TC
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b: OTC

Y=-2303 144597 583"°X R*2=0.0085 W:Equal

c:. CTC

Y=-08845.9+49640.98"X RM2=0.9001 W:Equal

d: DC
B 4-1 1-100 ng/mL Wi & EAFE B K
Fig 4-1 Calibration curve of TCs at 1-100 ng/mL
432 BMRAERR

FELBAEZARMPRM TCs HAFUEFB, HMAKFH 1.0ugkg, TCs KIfF
BEL(SNKT 3, TWEHEEEIERTHEN, R TCs RMMATLUEER] 1.0pg/ke.
FEZ B PR TCs KRR, WK FH 2.0ng/kg, TCs HIf58REL(S/N)K
T 10, 8 TCs EFEMTLUET] 2.0pg/kg.

433 EWEIBEERE

BT IEARS, T4 5 TCs BArHER, MK FH 5.0ngke. 10.0pg/ke
M 20.0pg/kg, BEFIEMEME. BMMERETNE 6 K, ERTENEER,
BERNE 41, HNAEIERNE 4-2-4-3,
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k41 FF RSP TCs thFMEE (n=6)
Table 4-1 Recoveries of TCs from spiked Tilapia (n=6)

S KT Added B3 Bl AR
Analyte level (ug/kg) Detection result Recovery (%) RSD(%)
(pg/kgd

5.0 3.73 74.60 5.6
oTC 10.0 8.72 87.20 49
20.0 17.81 89.02 28
5.0 386 71.20 34
CTC 10.0 8.41 84.10 43
20.0 18.01 90.05 2.1
5.0 5.10 102.0 4.6
TC 10.0 9.69 96.09 4.8
20.0 19.89 99.45 24
5.0 3.51 72.20 4.6
DOC 10.0 8.38 83.8 4.8
20.0 16.32 81.6 24

2o

Relatva ADI idmiOr
&

o

2 maz o 11D 1J0 2p0 232 2 355 4D 371 3m2 435 AAT ATS

8o

B 4-2 50 ng/mL AR R R & %A
Fig. 4-2 Chromatograms corresponding to 50 ng/mL standard solution
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8o

Relatve Abi idaror
3

-3
8o

REAN RELTS

[ 03 19 15 28 25 39 s 8 4] 30
Tome (o)

B 43 FEEF R4 F TCs XM B-FAB, $mAP: 50ugks
Fig. 4-3 Chromatograms of Four TCs drugs spiked in a tilapia sample Spiked level: 5.0 pg/kg.
434 ERREENSEF. FEFMEER

EERMNBNEEF. FRTARELERE NE 4-2
#42 4 # TCs A6y R k&4
Table 4-2 The mass spectrometry conditions of four TCs drugs

Bk &Y BET (wz) THET (m/z) REEER (ev)

Analyte Parent ion Daughterion  Collision energy
* 8
OTC 461 426 !
443 9
CTC 479 aaar 17
154 24
410* 16
TC
445 428 15
154* 24
DOC 445
4 410 16

435 WEER

K@ T EM LR AT TR . #EIF, B/, a5, £E8E.
MHAERABIRERE, TEEFRHEEREIFELR 122%, HiEAN 8.9%: T
HZBR BB RAMER N 93%, BEEAR 8.2%. ’ .
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4.4 i

441 RIALEHHTRR
44.1.1 ERARROIEE

TCs KAYIRBGR L% R BEARZERGEFL, itn C18 &, B FH#H
H. BT BAR HLB AEB7, Seiibin £ F ksl 7B F R AT H
BT C18 ¥, PEP 1 HLB B LR, 4R EIKA C18 Bk, BAHE
RRARE, &BEZREED; XA PEP RS X™E; XA HLB FEHEZER
FEFLr, BllZEBRHE, BBRRE(E 4-4~4-6). LB T FIEAF HAH P
BRBURARILGIF OB BB R AERBERR, GRER, UPE: ZR
Z.FE=10: 90( V/V)RLERA, vTELRBEETHENBErBEWER, BETH#UE
RIVRAA o

LUSR1Y

00 a5 10 15 20 25 30 35 b)) 15 6D
Tae i

B 4-4 XA CI18 AR EHE
Fig 4-4 Chromatograms of extracted by C18
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AT:148

s laris

Re tatve Abudcdance

[1]1] [1)- 0 15 20 25 30 35 0 3. 50
e @)
B 4-5 £/ PEP B4 1L &4 8

Fig 4-5 Chromatograms of extracted by PEP

Re e ADVycANCE

RT 181

)] 65 131} 15 20 25 30 35 i 45 50
e (o)

B 4-6 KA HLB 4440648
Fig 4-6 Chromatograms of extracted by HLB
44.12 REERIEE
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BT TCs A4 BEFIRREAY, XNTUSEYRATHEARE™, B
DR AYRAR AT MASBESTARRIREEEORAN, RN, €8
& TEH <2), WRRELYE BEBABRAK=Y, Wb o] Kk % R 7
k. Hik, ABFREHEHE EDTA KISSRR R 0.1mol/L K Mcllvaine-EDTA 25
BAE R RIER . 2 B1RFE B pH 4 3.0, 4.0 71 5.0, #ATHINEMERRLE,
MK 4-3 FEILLFEH, pH A& 3.0 1 5.0 KIEMEMWIE, pH b 3.0 KIBIKE(ERT 48
E A Mcllvaine-EDTA 27 pH b 3.0 AL BB, pH 4 4.0 KZrFHiH
RIBCRE .

443 RF pH #4985 RRIRT ¥ 4k S hoiFe i (FhKF 10.0 pgke)
Table 4-3 Recoveries of TCs from spiked Tilapia with different pH solution(Added level 10.0

ng/kg)
pH TC OTC DOC CTC
3.0 71.2% 82.1 % 642 % 65.2 %
4.0 834 % 832 % 785 % 88.1 %
50 69.8 % 88.8 % 61.8 % 78.5 %

44.13 EBBAMER

SRR THHKA APE. BK. CHFIH=MBRES, £2%H: A
RV RIOREM, HIEBERMREERE, BEBNEEHERE: FKBBEES
Hiaetazs: AR AR R IR E AR 6 R 8% 2 LT .
44.1.4 FREBBBES

LA, PRI E R AR, RIS IR R & i Bl A B
EHRE, —BEE 150%~200%2 8, FEREE. ZBE RN GERNR
ML R, P2 BH RIS BIFR AR, 45 RIEREERE 70%~100%Z [El.
Bl AR B A Al T B AR AC B AR TS
442 @BIESMHHML

ik B AEE— KA C18 AL, XF Thermo Hypersil Gold C18 . Agilent
Extend C18 &1 MG IIC18 IR RH#4T T vEfh, SR EI: Thermo Hypersil Gold
C18 £ Agilent Extend C18 A:fEN TCs KA BN, SBERERE. &
BEEALR, WiRA MGIIC18 B & TCs WIKE RIFHI4 BRI FR (B
4-7~4-9). FHASLR TR SRR EFI& IS A AT MGIIC18 &,
R E K.
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B 4-7MGIIC18 A &ifhes &R
Fig 4-7 Chromatograms corresponding to MG I1 C18 as column
100
0
im:
01

Relatwe ADvicaNCR

8o

an

N a5 23 [3:-4
100
5 1y
0
0o 05 17 5 20 25 3D 35 40 5 sD

B 4-8 Agilent Extend C18 3 &, %42 &) &, 3%
Fig 4-8 Chromatograms corresponding to Agilent Extend C18 as column
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AT 155

100+ RTI S

50 RIS

o] -

'm: HT: 151 '

50

1 21

ol 0301 1M1 2@ WA W gy 4w
5100 '
8
3s 18
= 1932 us
S os o L 3o | am W wmoam
Z ,ian o= 1= A AP~

8o

‘Iﬂ 232 205

042 g 11 33 LIEA2S VIS

"%_L,JMJU\J'LUN

e
& 4-9 Thermo Hypersil Gold C18 3 &.i44: ¢4 &4 8
Fig 4-9 Chromatograms corresponding to Thermo Hypersil Gold C18 as column

sHFRsATROENR, —BRXAPEMZE, aTRAEREES, mH
BENEP—AETENEBILBERL, ZBELFEESSA, YOERZENRS
MHOAEVAE. ERFAAKHEPIMNERE BN THRRE. TR, TTUEET
Tk, REETUNE, ERFRFIBEENNRTRBEANALE, X
FHREBNBERE, HPIHET 0.1%. 0.2%FH 0.3%H P BEARNEW, ZRER
BRI 0.1%0, ZEHREWRET TC WAMMNAE: 0.2%H FRR¥ R 7T LA i i
RER AR BN BMR: FRIKEA 0.3%F, CTC ®& mME (LA 4-10~
4-12).
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Fig 4-10 0.1% of Formic acid solution

100 2158

o] : -
100+ :

8o
Al L

Relatve Abuidace
g

8o

[J4 05 10 t5 20 25 3p 35 131 5 L]
T o)

B 4-11 0.2%#) T Bk &
Fig 4-11 0.2% of Formic acid solution
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RT: 1.0

.. RT25
Joo oy om g3 1ELELIHIEY A 5p 3 as) 133 158
RT: 1]

o

]
»M
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00 o5 8 15 20 25 3 35 b 45 SO
e o)

B 4-12 0.3%8 FEER
Fig 4-12 0.3% of Formic acid solution

[~

RT:239

8o

-

443 RiLEGHOHL ,

TCs REHWE, #TF4MTRANSEREEZANBEEAD), XHTF4EH
Wk 0-2 iz, A4 R LA 20pL/min BFEHEA 2pg/mL B OTC. CTC. TC 1 DOC
BERERR, BENSRNFEEAE T, BELRRY, EEFMHHXKE
S S8, BHUEEFHRESH HITRE. 7 m/z100~500 F3i7EE A
MUEBFREAHIT-REEEH, ERmEAEIRAT, NFERRAYTER
BA BT EERM+H-NH;]' . [M +H-H,0]"#[M +H-NH;-H,0]", #i%E OTC. CTC.
TC 1 DOC fI4F B T4 510 m/z 461, 479, 445 F 445, S RIHAENBETF, #
TFETAHS, ERFEEERNEISENEERTF. 55 UEFERNEN(SRM)
EETFHAMAEFLEE (Skimmer offset). RiEAER (Collision energy) %R
BH.

4.5 1hgk

BYTZHEAEPNMHNRRERTEN B B G- 5 5K R %
(HPLC-MS/MS)HJUi%E Bk, H5EH MTC iR F AP MR ERZREBY,
H% HLB BEAAZEEE S, R LC-MS/MS 3% 2 Bzl WI(SRM) IE B FAE X 2
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A—xABZFEEFHNUFER, LEBER. SEZNRHERHFTERNEE. O
Yipie B T RISAIER] 2.0ug/kg. AKVERE RE. MM, FHE. REZMHA, &
RFAF o URRRFERSZE RN FIERT.
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it

A XK G P LR Y05R B IR U T EREAT TR, SRBLUT 4k

(1) B T 3P HEAEK 7= dh oh 5% B M R OB B i PO My vk, FEsbdEnt b,
RE T K an R P R B B B BB B RO R R E K AR

(2) BT K- PR R S B T k. thBRE T KM Pk
WS B B R  SCBUAE £ 1 R K A Y B K

G)VFART TCs FEAT= PR B B & U €0 5 R W je 7 ¥, ey vk
fERIE. REESR. EOHL.

WO MRBILI T EN T RENERRERET TR, HTHEK™=R+P Y
SR IURIR U T HRIEE .

B2, AVICESLT KT iP5 R AR B B R OB R I Uy i KK 7
P PUFR R R AR B DR M RIR B B AW BRI R 7 i, e T SERRK =R
RKFE SR ZRGMHR B R RIR A T SRRSO .
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