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Summary

In Korea, the industrial scale fish aquaculture started in 1980s and the
production rate has been annually increasing by development of farming
techniques and the use of the therapeutic and disease preventive fisheries
medicine. In 2005, about 30 kinds of fisheries medicine are being sold in
Korean market and tetracyclines make up 60% of the total sales amount. But
tetracyclines resistant bacteria have been appeared due to a long-term exposure
and fluoroquinolones are being noticed as a substitute and several kind of
fluoroquinolones such as ciprofloxacin and enrofloxacin are being used.

Fluoroquinolones show a broad spectrum activity a bactericidal by
inactivation of bacterial DNA-gyrase and good oral absorption in the animals
being treated. Therefore, fluoroquinolones is one of the most common group of
antibacterial agents currently used in the Korean aquaculture industry and the
amount of use has been increased steadily.

But the analysis method of the residual fluoroquinolones in farmed fish
muscle is not well developed and the withdrawal time of following oral
administration to secure food safety of farmed fish is not also clearly
established under actual field conditions.

In this study, HPLC analysis method for the simultaneous determination of
five fluoroquinolones, ofloxacin (OFL), pefloxacin (PEF), norfloxacin (NOR),
ciprofloxacin (CIP), and enrofloxacin (ENRO), in fish and shellfish was
developed and the residuals of five fluoroquinolones in the farmed fish were
monitored to verify the developed method. Withdrawal times of ENRO and CIP

following oral administration were established in olive flounder, Paralichyhys



olivaceus, under field conditions to secure food safety of farmed fish.

The optimized HPLC system for the simultaneous analysis of 5
fluoroquinolones were composed of a Shiseido UG-120 type C18 reverse-phase
column (4.6%250 mm, 5 um) and a fluorescence detector (excitation at 280 nm,
emission at 450 nm). The mobile phase was 0.1M phosphoric acid and
acetonitrile solution (91:9, v/v) and tetrahydrofuran (THF) was added to it at a
rate of 5 mL per a liter of the mobile phase and the flow rate was ImL/min.

For extraction of fluoroquinolones, fish and shellfish muscle was
homogenized with acetonitrile and mobile phase basic solution. And the mixture
was heated at 80°C for 10min then centrifuged and evaporated after treatment of
n-hexan to remove protein, lipid and low molecular weight pigments.

The retention time for each antibiotics was OFL, 23.3£0.15 min; NOR,
24.94+0.11 min; PEF, 26.0+0.09 min; CIP, 28.6+0.08 min and ENRO, 42.3+0.07
min and an interference phenomenon was not occurred. The detection limit of
each component was 0.005 mg/kg for OFL and 0.001 mg/kg for the others.

The recovery of fluoroquinolones from fortified samples at the level of
0.05~0.5 mg/kg was 72~110% in olive flounder, 70~107% in eel and 72~96%
in oyster. The accuracy and confidence of the analysis results of the developed
method is high as Coefficient of variation (CV) value of the recovery test result
is below 10%.

Fluoroquinolones have been detected in the most fish farms surveyed in
the southern coastal area of Korea, especially ENRO and CIP was the most
common agent. The range of detected concentrations of fluoroquinolones was
0~0.859 mg/kg in 70.3% of olive flounder, Paralichyhys olivaceus, samples and

0~0.143 mg/kg in 48.1% of sea bass, Lateolabrax japonicus, samples but



detected concentrations was below 0.1 mg/kg of in black rock fish, Sebastes
Schlegeli, and sea bream, Pagrus Major, samples.

Though fluoroquinolones was detected in the fish samples examined in all
year round, the amount of usage was heavily increased during summer time,
June to September. The monthly detection rate of fluoroquinolones in the
farmed fish samples was 40% in April and increased as above 60% in August
but decreased in September and October.

The maximum concentration of fluoroquinolones in the cultured oyster was
0.046 mg/kg but fluoroquinolones were detected in just 3.9% of the sampels.
There was no seasonal and regional variation for the detection and only OFL
and CIP were sporadically detected.

The farmed oliver flounders were fed a commercial mediated diet
containing 5mg of ENRO per kg of fish for 9 days. For 6 days of medication
period, the concentration of ENRO and its major metabolite, CIP was rapidly
increased by the maximum value, 4.3 mg/kg and rapidly decrease for 15 days
after medication then no changes till 50 days. But after 60 days the residual
concentration was decreased below the maximum permissible concentration
under Korean Food Sanitation Law, 0.1 mg/kg. Adequate withdrawal period of
ENRO is identified as 60 days in the case of oral administration.

The farmed oliver flounders were fed a commercial mediated diet
containing 5mg of CIP per kg of fish for 13 days. The concentration of CIP
was continuously increased by the maximum value, 0.73 mg/kg and rapidly
decrease for 6 days after medication below the maximum permissible
concentration under Korean Food Sanitation Law, 0.1 mg/kg. Adequate
withdrawal period of CIP is identified as 15 days in the case of oral

administration.
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t}. 53] quinoloneZ] & A S] F&E o2& 4, HEEHL, T35 AAH
w ool FE #EEY 1 9o R, s, 354, dE5Ad Fol
B 3% 31 ltk(Stahlmann¥} Lode, 1999; Choi &, 2002; Wolfson¥} Hooper,
1991). Bt H]| 5 o T4 Mt 5 AA o] HAdFo] = Aol FtA] W

= 7HAA HH ol gk Gt Al WA to] QIAW = A A HA Q)
A Aoz Fata] ol dold == Q7] ol A% T2 TdAl= vt
EA] #AgEojop 3 AFAA FHALEE (HEIL U TH(Hayama, 1998;
Horie 5, 1995; Lee%} Shin, 1990).

o} o] o FAYAFE B3 ol A =8 T FAEA &
27F AR A EA R At el wet A 915 Aerh fdekr] wikel
AEolA FoAe] JFe 1960 hF-H ekt
1980 thell SoA) =AY A5Eo] #iste]A|
217 v ZARarAZE Sk As
A TH(Horie 9} Nakazawa, 1995). = &&-8& k&2 b7 sl @3k zh=9] |
TAIZE Gt o] Bl kAl AEo] Hlnt o9} 2 v oA = Al A s
A71TH(FAO0) 9 AAIEA7]7H(WHO)S &2 EitA9ds] Fol AzE

A7 TEEYFE A w3 (Codex Committee on Residues of Veterinary

A=)

1o
o
oX
1o
[ 2|
i)
o,
2,
ol\
to
>,
)
)
)

Drugs in Foods, CCRVDF)7} 7§ % 11, 1986\ 10€ <l 13] 537} WA =3
5w m=ollA 387t AFH EHo IHREa g 2ok A4
HAE, 53] =8 okF2 H 77|+ (Maximum Residue Limits, MRL)
o] Aol thalA HEZF AP ek ot FFAbET ol ARste '
ook b F 7k MRLO| qF 2 kel ZAd o w4 = FAO/WHO
AEH7HE A7 93 (Joint  FAO/WHO — Expert Committee on  Food
Additives, JECFA)olA AES AL STt

oA vEo] Adtets 2R Tl tE vdEY A4S A



stAY o ZAorEAN FAE QoForE AgHe FuEdS
tetracycline7l], aminoglycoside”l|, macrolide”l] B -lactamZ] % quinolone”| 5-©]
Nom, AA FAE oo R = oA 300152 oFFol W Ev Y
A Z A oF 2000 AFo] Az D AlFEO] A Fuf of FFA A A
w3 tHE B8 okET A, 2001). TEE&2kFH 3] seuhet 54
= A el oebd 20050l A T A= 12008 H = A

T} o] tetracycline 2l 7F A A 0] 60% F == 7HE Ho] AFEE A 1o,
+©] penicillin7], quinolone”|, chloramphenicol”] 2] &+ A& AF-&3FaL )
QuinoloneZl % 70%7} fluoroquinoloneZ| A= °F 56 AL AFEEH I
Kom, vhd I AR Frstal e FAlolth fEluEtell A FAkE

ook oz 5l whol AZ-Fwstal ¢l fluoroquinoloneZl] A 2=

>

ofloxacin, norfloxacin, pefloxacin, ciprofloxacin %! enrofloxacin 5°] At} ©]
% enrofloxacin> A& 4 Fufjo] Fl& glovt QAL AA AR o]fF=
Qlsto] FAbE SFFO® A= AFES itk 28y Ao U &
G oFE WA T FERAA R o) 7 el s HAY HARS] =
folokF o7 A xHo] = enrofloxacin HFAIE Tk o] FAHH Y
A gl AbESFaL Sl Ao E ERIE QI

Quinolone A A= 19623 || nalidixic acid’} # == A H o] =2 I+
H 9} S /A $8FY] quinoline 7| ET2E 71X & TAHEE
o] ¥k=olA, 257 o]} e FEAlEC] FAE 1A Shth(Precorelli &, 2003).
Z7]°) 7% quinoloneAl| Al <= flumequine, oxolinixc acid’} 81 ™, o|&
A A= o]F W= (heteroaromatic), ©]% FH(bicyclinc)= 7FA 1L 3= 3}
2 W 3714 Aol diete] e 2 ZHAL F@714 Aol tisiA
Tha wlekst EAS YehdthSeo 5, 2002). ©olF ©]= AAS &S
R Eke] 19791 Pesson 5ol 2]3ll quinolone®] 6% BFAL X EA(F)E
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A7t o =mx @71 Mool did in vinodel /gl F7FE 34
quinolone?!  fluoroquinolone#] A7} 7¢E A Th(Lesher &, 1992).
Fluoroquinolone Al = Al = f-AFSE &4 71Q1 pyridone caboxylic acidE 7FA ™
4-quinolone nucleus®} 3 1% 9] carboxyl”’] & & &S 2 7FX] a1 Qlt}. Hst
6-fluoro?} 7-piperazino”’] & 7FA ™ 1-nitrogen %! piperano”| ] WH3}ef uwpzk
oheFst fAFEZRE 7FA AL 9l (Wolfsont Hooper, 1985)

FluoroquinoloneZl] &t Ale] HES7]22 At AxXU= Hshe]
topoisomerases DNA gyrase®} topoisomerase IV} WH-5-3FO 23 hofe] &
38kt o] FUHA a4 e Alire] DNASAAl SQst 93-S st o
T40 FAR 9 DNA oA 25 ddsto] 3% strand®
& DNA7Z} 54| 5 2% sta, A strandE THA] o]ol = 93 st
(Kim ‘5, 2004; Wang, 1996; Kang 5, 1997).

FluoroquinoloneZl] 3/ &+ A= sulfaAl], A -lactamZ], aminoglycoside”),
tetracycline 7|, macrorideZl &2l WAAES 7Hx o785 ofY et 18
AT, 15 AT, Mycoplasma spp. S oll7HA = FW9lskA 283t
(Posyniak 5, 1999), Sallmonella spp. Shigella spp., Yersinia spp., Vibrio spp.,
Aeromonas  spp., Camphyobacter spp., Mycoplasma spp., Streptococcus
o] penicillin®ll thal W& AYIL A= 5ol s
A5 w)g- ZFet g S XY al 917] wiitell fluoroquinolone ] & sulfa#l] 2]
Nk ol 7Hd 8% Fv 4 IFoE AR 7S X85 E ook

2

31 St (Mitsuyama, 1999; Seo &, 2002; Morales-Munoz

pneumoniae

rlr
- m,{n
r

= 2004),
Fluoroquinolone | @A F-oll A norfloxacin®] 7} ®A w= 23] of
w2 EH AujsiztE ol I ZFAE AAEA HAL(Koga T,

1980), frH el A= 1987\ F-E], 5ol A= 1989 F-E] QIAol= 3] AFE-



H o] gli= enrofloxacin®] FEZ2|ekEC R AME-57IE WHSITHEMEA,
2002). AEA = 1991 o] F-o] enrofloxacin, danofloxacin, ofloxacin,
benofloxacin ‘s fluoroquinolones| @t A|7} F&& 0| kF 0 2A FAHAL
v, wid AFEEFo]l FUele]  $kil(Horie 5, 1995), ofloxacin, enoxacin,
ciprofloxacin, pefloxacin ‘52| fluoroquinolone| &+ A7} 7= o] 1980 ol =
7] FAakg datA| o] efE o g HEoR UL AlFE oj(Heoot Kim, 1994; Heo
5, 1998) e el of {FFA Abgel ATNEHA, o Feo] AldAd EH e o
W2 Azetsd g o Abgskal U th(Son, 1999; Yun &, 2003).
a8y HE 59 v Fol A= fluoroquinolone A& Salmonella®s 3+
(Herikstad 5, 1997)3} Campylobacter < ¥F(Smith 5, 1999)°] HAZY+ %
ks Wl 2 kel AFE Qsto] kAW Y] FUksh SatAl o] AEAd
FE QIS A Aate 7 54 9 dHEY] 5 FeRATE fladol
Al 71 ¥ w]=HEDA, 2003), 7Uth(Barry, 1993), 3 (EMEA, 2002), 4
(Horie 5, 1994)5 oA A7} ZAstsa Qe Aol
FluoroquinoloneZl &+ #le] AFU F3L7]5S EUQ

o,
o

oX,

danofloxacin, enrofloxacin, difloxacin, marbofloxacin % sarafloxacin 5 ©| 2

Hol glor, o]F A=A = enrofloxacin &5 Wi= ciprofloxacin ¥} 2] %+
o ko= 0.1mgkes TP Y LHEMEA, 2002), -2vhel, A, w5t
9 A A F A 91 D3] (Codex  Alimentarius, CODEX)ol|A=  o}& 744
fluoroquinolone Al ol Wit 3 &7 71FX 5 At UA @& Aol
gy dEoAE A EFF Al fluoroquinolone A 7F AEFH A= <t

He =4E st vk

g, 2003 2o ¢ uetel A EUR FE Aol A ciprofloxacin
o]l =% v glon, 7§ dEA = otttk WAool S-Euetel A 4
=3t &g Ao A enrofloxacing AE3E & TAIXORE S Aef st



Aol ZstEo] FEo TAZE BASA HAARL fvetelE FAE
o th&t fluoroquinolonel Ft A1) & &xbF7]1EA 9 EAH Rk ofy et
Ee AHE A zat ghetE o] QiR oke AR ol ey 2 AlAA
A &t A # el w50} HE STl A = enrofloxacin ¥ ciprofloxacin®] T

& BAPE FAFAEINEAE AYHAHAFAFFLAY 14 A

O

=
2006-15%). o] Aol o w=w FAbE 9 enrofloxacin 2 ciprofloxacin®]

VNEAE F ARS8 ko7 0.1 mgkg ©latE ARSI Utk

fluoroquinolone T A& A5t WHORZ = AAIHOZEA vy &S
29l #-A1H(Microbial Inhibition Assay, MIA)¥ &A% (Enzyme
Immuno Assy, EIA), ¥r3 A =2 wu}E 723 (Thin  Layer Chromatography,
TLC), M T ZrE 12 9 (High = Performance Liquid Chromatography,
HPLC), AAAZvtE 12y AZFE2 7] (Mass Spectrometry) 5©°] 310
™, o] T 7 dwrdo® ARG FAIAA W2 HPLCH ot

u] A Z8-A Q1 W (Bogaerts 2} Brussels, 1980; Son &, 1999)> 117 %1

Wola A Ao v TAVE oy, sAlel R AlRE BE
|

RAES B A ot ole A el QAW A7) 4
QAo A, F&olen Aol Qi thE ZAE] o8 4y

of JFE W= T A SltH(Meetschen®} Petz, 1990; Smither, 1978). 1
b A Go] Agsta 5ES Anj7E de 7] WEel A7k 1E

g4 AaEduon EEAAM Ol A4H T 9rkLeest Hong, 2004)



%0
)
A
ry
K-
rlr
1>
|
=
L
=i
Jdo
%
it
1,
n\l
>~
Do
-3
kd
>
ofo
jﬂ

=7 3+cH(Son, 1999).
TLCH > AIZba §rfe] AH|Fo] Wi 5 W FAFgo] Hitstar
HEHE7F o2 @ o] I th(Juhel? Abjean, 1998).

A AR vtE Ty A=A 7] (Mass spectrometry)i= 1L7F8] H] o] a1
FAE gl ol 21 Jlou, AEARAA oFEFI tAEE S v
Aol tigk A% W 2 ARE e vl &3 o)7] wEe] o] 7]
of o W& o] &5 Ath(Lees}t Hong, 2004).

A2 A EFUelA quinoloneZd] 2 fluoroquinolone ] <A 2]
Ao HA o) o ® ARG glom Agriide] Ha Lk ¢
okl < ©] HPLC Z|7] & ©l &3t Pd=d Aidrrye] &3] o

2

3L ) o (Yorke®} Fore, 2000; Gigosos 5, 2000; Espinosa-Mansilla

N

]

5, 2006), 53] HE5-FAHE FEUA] 2AE S Qe Foupze] fin] st
2
-

= hl
ou o]o g}t FA Mol g L Qlth(Ellingsen 5, 2002; Skjelstrup -5,
2000; Horie %, 2003; Ueno, 1999; Rigos %, 2003). HPLC % 7]7]= A&}

LB ol g3] oAt 53T vAE FFE olgse} 1 AR
B RUREE AEREI} 4P Rk 2ot A2 BAYE %

o el whet ppb = ppt FEZHA S A S AEse S0l 7 s



= T W OB W
o = o = M i
ﬂ_%%urmWﬂdLmWwMW %%Nr%Aaoa‘mﬁ
CRC B TR R T T A A = wox "
Fo = U Weom oo 5 AT g do o
of W o = AF B = o0
T oo % o ¥ — ok WM T B o TSP T o oo ow
H oﬂ o8 B Ak mO) T gy Wy I = m R
~ = ~
B w g g W ® ool e O A w o
Ca S R e B S~ B 2 X 9 i
T U 2, o T AR ROF & = g m = LMO ‘Wlu =
T AR T WO T o [ = ol m_u_u = X
o9 5 m 0N . ~ ol o W W X 5 2 g nww o W HLV
A R - L e I T °
g n 5 S L4 (- - = R = oo o=
e B0 T YT T o= ofpl o o o W 2 To o
o =3 Ho - ol L ~ = = x
S TS g oo o P~ B2 ™ of &
TS AR Y L= < o oo WM 8 © w oW oo g
0] 0= ) ;oO —_ ‘HH Z.D X R 1 ~—~— - ﬂ m
8 . s T OB L R
e 37 Aoy ET o o Hi g Mo &
g = 2k A = b e 5 5 -~ ™ 5
W. S HME oR Y o A= ™ 5% No oy 201 < Hr ﬂO = X oI ﬂu
e X ¥ - o Moo W o, w T < W F R oo
5 = i HoX o] ~ =~ X ™ = ™ = BT e o)
Ex I a%%%@mﬁﬂ1wﬁﬂmaa%%
) .o )
s fgiaieeIicsirCIiECE
—_— o —_
ﬂ%prwmlmom_x%mﬁﬂwE%ﬂ@%7%_mmm
PERLTS oW e dF g dem =
oo ) o Mo W om 2 A 2 U R o <r
o do N O oo TS0y ~ e mo— o %
sz ??_@4,égﬂ%%.m.m,p%?ﬁa
_ o T 3 B o ol Y o % _— m 2 = K 5 X
X & = o L i T g E 3 W N W o=
= oS I B < ol m 5 o 8 2 3 5 = 5
= ol X o K L 2 =g X ooy o
< G W o XM O a g A S o m o = =
B oA ol T om M T gy o= o = 2 = wr T o
%,ﬂrtéﬂ%@%% o & =
XA e W oa



Al=F

EoFSZ AFESE fluoroquinolones] it A| 543 5 ciprofloxacin

(CIP), enrofloxacin (ENRO), pefloxacin (PEF), ofloxacin (OFL) & 474 Dr.
Ehrestorfer GmbH(Germany)A} A% & AF8-3}31 3L, norfloxacin (NOR) 1743
2 SigmaA|#(St. Louis, MO, USA)S A}-&3}1t}. Acetonitrile, methanol,
tetrahydrofuran(THF)-> HPLC grade(Merck Co., Germany)E A}-8-3}% o, &
<+ J&B (SK chemical, Korea), phosphoric acid= Sigma(USA)A} A& S

A8t

2. A% E A |

2 AYAx =  HPLC(Shiseido  nanospace,  Japan)s  AF&3}o]
fluoroquinoloneA] I AE  FASATE I3 AR AAHH=
homogenizer (Polytron PT 3000, Switzerland), A 2] 7] (Hanil supra 21k,
Korea), 755 7]1(EYELA N-2NW, Japan) %! syringe filter(Satorius, Japan)
55 AHE3SSIT. Centrifuge tube (50 mL polypropylene, Cat. No. 25330-50,
Corning, USA), plastic syringe (1 mL, 26GX2, Sung Shim medical Co., LTD.,
Korea), syringe filter (PTFE-membrane 0.20 um, minisart SRP 15, Sartorius,
Germany)© A& A2 A o)A ARG

HPLC system< UV % &35 E717F 42¥ Shiseido nanospace SI-2
HPLC system(Shiseido Co. LTD, Japan)< A}-83}1 31, column Cs(Shiseido
UG-120, 4.6 mm 1.Dx250 mm) 12|31 data system< SCM21(Ver. 5.0,
Shiseido Co. LTD, Japan)E A}-&3}o] #2413}t



3. IR = ERR2SEN BN B

UI!II

) #2589 A=z
FluoroquinolneZ| &3 #1+= OFL, NOR, PEF, CIP, ENRO ¥ FH#&
A Aeksto] 0.1 N NaOHS A% 7}8to] =< & 100 mL €% Z AT
methanol = “g -8-(100 mg/kg)3+ 3 © ™ working solution< ©] 23 wjwjc} %
Alske] ARkl

2) o] T A
Fluoroquinolone ] &1 A& +2l3t7] §15te] ol 549 A4S AESA
T}, = acetonitrile} phosphoric acid(pH 3.5)2] %3t H| &= retention time-s
=

st % phosphoric acid &%, acetonitrile H]¥&, pH, column &% £ O % F

3)) EFLEFAEEA A AdFrag A3
T2H& fluoroquinolone] &A1) Hof FFd-s A 91810
photodiode array detectorE ©]-83t] UV 220~400 nm2] IpFefAx F5
spectrum © 2B Ho] FFabds Fekdlth uv HE79 d3AEVE
Hlwste] 3 AZ7]049 ) peakE LEFH Ex 280 nme} Em 450 nmol|
A fluoroquinolone Al &+t #1E =74 sttt

=

== 3
F39 44y

4)

I>

FluoroquinoloneZll &+ Al % F-8 N (10mgkg)s ZH2t 10 mL |-F=2}
e 2, 1,05, 0.2, 0.1 mL¥ FH3}aL o] 5o 2 HAIA7MA A HAEF
7} 2.0, 1.0, 0.5, 0.2, 0.1 gg/mLo] H =% A3t 57 2o 34

£ CIP, NOR, PEF, OFL ¥ ENRO< 20 L% 33] uhE FQl5te] o

ktl bt

rlo
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AZuE MO HE Z+ZF9] fluoroquinolone ] @t Alol st 55 H

7)
dAe Tel] XEFE v, Y2 WA oR st ARAdS Al

9] «V*HHT(X‘} ol 74 o]t Fuh)E et AR FAR U

A% AR F 74 4RO FEE BEe,

5) Al T EFeEA=EEA FuA FE A
o] 7 7ol A] ﬂuoroquinoloneﬁl ddAE FE37] A dA7 B
Nagao 5(1998)%] *H= st FE8 4
= &sto] AAske] Fig. 13 o] F=sI8th 5, o7 Ads W+
Aede & oSs ZA vidst] A5E AT ta, olF AlRE S

o] phosphoric acid % acetotitrile 12|31l tetrahydrofuran

fio
o

o
o
o

acetonitriles 1:1%2 41> =& 40 mLE 7}ste] E X ALto] A (Polytron PT
3000)%2 2++7F TdASAFTE o] FA NS 80T ANA FEFoA 1023 &
Foz dAgsto] dAs AEAZ v Wl sto] 5,000rpmeol| A 1037F
A ete] G d S AAGT RIS AAG NS 50 mL E
oAF 2 &7 ;A 50 mL 7tk £83] S50l A He AASL 11 ds
N(FZE M) 1-propanol 10 mLe Fo] 40ColA AIA7HA] 7S 55313
ool AxEE ol 2.5 mLE 7heke] 23] &R B 02 #m o

72| (PTFE, Millipore, USA)= o] #}gt $ HPLCE 43kl
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5 g of ground fish meat

Homogenize 2 min with 40 mL mixture (mobile
phase soln. : Acetonitrile= 1:1)

Heat at 80°C for 10 min

Centrifuge at 5,000 rpm for 10 min

Sediment
(discard)

Supernatant

n-Hexane 50 mL

Centrifuge at 3,000 rpm for 5 min

Hexane layer
(discard)

Underlayer

n-Propanol 10 mL

Evaporate the eluate at 40°C water bath to
dryness

Residue

Dissolve in mobile phase 2.5 mL

Sonicate for 1 min

Filter through 0.2 um membrane filter

HPLC analysis

Fig. 1. Extraction and clean up procedures for the analysis of fluoroquinolones

in the fish and shellfish muscle.
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ol g Fel thal A fluoroquinolonel A 2 FAEE 2005 1¥€5FH 12
A7HA wE 134 FAFsES T

B2, AAA] W e A 42 1A 28] AlFA A 27) 49

Aol JFAA LS AAsE] X (Paralichyhys olivaceus)S 732 ZA}sk
gom, FIAN e FEALqNME s (Pagrus  Major), FI|=E

BN

(Sebastes Schlegeli)ys ™7 0.2 FAFSFY 01| o] Al 9] F) o] F42 =
v E2 W 59(Lateolabrax japonicus)s ™S Z OFL, NRO, PEF, CIP %
ENRO & 549 fluoroquinolone”l] &+ A& w23t th Aol A
1350he], 2y 72vhe, wof savke] 1Elal Fes 18vhe 5 F 2797
o AT AFE AL tH(Table 1). ESE AA|, &<, o5, &% 2 A
TFol A ks o] FatE L Qe |4 92vkE] W FdEE s7ubel el ois)A
BUEY s,

Ft

FHAA) 52 AR AN 137 2 G4 g7 T
sol Fak A Aol TR RAE 27 AL 242 AR ste] mu
CEEEES
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Table 1. Number of fish samples collected at the surveyed fish farms

Samples ﬂgli:(fer Blac;lfShr ock Sea bass Rl:r(ia:a Total
Busan 27 0 0 0 27
Geoje 27 0 27 0 54

Tongyeong 0 27 0 18 45
Yeosu 0 27 27 0 54
Wando 2% 18 0 0 45
Jeju 54 0 0 0 54
Total 135 72 54 18 279
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5. pihE SEelUSol oigt VAloiFel Forz ¥
1) A

20051 4ol oAFA A FAo]FAA GO TR FAFA 400 g A
9] Aol ¢li= Y| Xl(olive flounder, Paralichthys olivaceus)s °F 2007}2]
Tdote] HalFatd A A Al Eel e 9% FAYE FEAFE 47

m, 388 5 ZAYE FX)oA 171€ = XA F ENROS AT

=
=)
off
Reil
£
>
0%
2
I_m A
>
=
ofo
ol
20
38
i)
r(
o
\®]

005 8-

b g Ele] gl 39 FARR(6xs. me) AP BAEFD)NA FAF
QL gAo] 13 A7]9 @& ENROS AT FoIsl, P 2719 Aot
A9 AFEE FYeke] ATl AR Gl ueh Aze] EF F AR
oAshEA ANHOR Al AGol= AgsHnt,

(

2) GatAl FoH
ENRO(FE&N, 1 L 5 100 g2 ENRO )2 A2 AF o] o] A5 kg
5 mgo] HEE AR £ FARE Axste] WA 134 9Y F
ot AFFodEr o, CIP(FAHE AlZ 2850 4 X X502 1kg 5 50 g
o] CIP $+1)> dd oAl AFH =l AAF kg@d CIPLEA 5 mge| HE=H

ARG ERE FARE Axs] Y 184 132 B AT RS

4

_17_



gk Al
FS T

k9

°©

RIE2S

=

=

sholeh. A

S

5o
T ZE 7217 (p<0.05)

°

14

x

[olye)

=

tol

°©

0, 3, 6,9, 11, 132
P AZEHA ks W7bA] A &Aoo w3 vk A

T

R

pig

1ol Duncan®] Tt}

Z ¥ $] %17 (Duncan's multiple range test) .= p<0.059 4] A3+ F9

[<]

3

A

Z+
Al

=
=

: ANOVA table)

(analysis of variance table

3z
=] 2

A1

=
Ak

ol

0
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m. 23 4@ u#

=]
B
i
o
E
L

E2FHSEN €M BAY iR

Ho

2] AgAbzol gste] AmEo] gt o] e A= FAES] &
oL}, WAL BA S O ARG Hea) ol Axh AR
g ol Waledr Agste] 4™ 4 ofelws A Sl B A
T FarEoly ofFel @O 2RE quinoloned] FHAD AT
Gigosos 5(2000), Yorke®} Froc(2000), Jo (2003), Sim 5(1998) %

b

v}

Espinosa-Mainsilla 5-(2006)8] 718 Faiste] FAab&Ee dFstes 559
=

fluoroquinolone ] ¥rE4 =, Q2 EFFAM:(ofloxacin, OFL), Y& AR

(norfloxacin, NOR), ¥|& =AM (pefloxacin, PEF), CIP(ciprofloxacin, CIP) %
ol 2 &E5 A (enrofloxacin, ENRO)= sAlo #4188 4 Qle FHAEAx1

9 g sk

(1) 8973 A4

Fig. 2= fluoroquinoloneZ] &4 5432 %8NS 0.1 M phosphoric
acid : acetonitrile (91 : 9)E& ©] A E 3243} 220~400 nm Ale] oA Z;
T =49 AT FF spectrum= YERH FHoltk 7} ARES 2H7)
OFL 293 nm, NOR 280 nm, PEF 280 nm, CIP 280 nm %! ENRO 2
A Frads dEdo] uvaE71e AE3E S 280 nmE A5k
fluoroquinolone | & A XFFN] FA TS 3t Ao ZE 1S

o,
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10

mal 5 5_'
a

5 o

40 5

maL
350
Nt 400 O MinLtes
50 Norfloxaci Ofloxacin

125, Pefloxacin

10.0 Ciprofloxacin

75 Enrofloxacin

5.0

mAU

25

0.0

-2.5

-5.0

-7

5
220 230 240 250 260 270 280 290 300 310 320 330 340 350 360 370 380 390 400

nm

Fig. 2. UV absorption spectra of five fluoroquinolones.
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() o|EAte] AR
At Ale] FA A A E3] o] §H 1 e ol FY EulFE {7
£ml:= methanolZ} acetonitrile®] 11 $F% -89 © = = phosphoric acid, acetic
acid, oaxlic acid, sodium acetate, citric acids-©] % AFE-EH 1 Ql+=d F7]&
el ekFg- o] v&L At} sk FA A TR SA Ol w

2} Z}z} &l skar Qlt}. Horie 5(1992)1 quinolone] &+ A& w42 $Ist

of ANARvLE T A wWo] o] &¥ 31 Q= E-acetonitrile ] 2 QIAFS
AF Macetonitrile A & o] F;A FE|xHS HES Ay ik dFA
-acetonitrile 2| & ©] &3 9] tailings Ht} a3H o7 AT 4 At

LINTAC TS

T Aol FEENE T FAE TuAE dviE L 3l OFL,

Gigosos 5(2000)°]  A|A]$+ 0.1M orthophosphoric acid(pH 3.5)%}
acetonitrile (85:15, v/v)2] ©]54S 1 mL/ming £5=2 #2352 w CIP,
NOR 3 ENROS| 3% Aol 9lo) M= peakd] 27} of5 2t
7k, 11293 9] OFL¥} 11243 9] CIP peak”} 44 gk o™, NOR¥} PEF:

30% FFA S 2 F2 5ol fluoroquinolonel] T A S-S FAof 4

12

ol

= 2 E7538F A 9 (Fig. 3), ©]%4H2] pH, phosphoric acid®] % 2

_21_



12790 —
9.590 —
- 1124
3.390— 1267
= - 12,
<1 - 18.51
E z190—
= 11| pa
-0.010—
-1.290 |
Il |
-3.210— 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 I 1 1 1 I
0.0o 404 5.08 1242 1616 20.20
Time {min)

Fig. 3. Chromatogram of floroquinolones used by the method of Gigosos et al..
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acetonitrile®] & 3H|& 5o 1S 24 A A5 fluoroquinolone sl 3+ A

Fluoroquinoloneﬁ] F s AR A 471489 #eU1E A A
%71 wWZo HPLC ZH 8] 1ol = free silanols®} A Fato] 4] A
OFIF9 tailing @A/do] WERITE ©]i= HPLCE| #A41A] o]57Fe] pH7F o] A
Aol FElel ¥ 771 WiEd Aol Akl th(Barbosa 5, 1998).
w2lA] o] 5] pHi= 559 fluoroquinolone ¥ &S A ZvlE 1304
st £ 7 e Tas AR AdEdY 2 Aol = pH |
stol] WE o] BWiES] peak FElYdH T =AY SAIEAA A4
3 U IR E ¢ ko] phosphoric acid 2] pHE 7 7} 7} pH 2.0, pH 2.5, pH 3.0,
pH 3.5% Z43}o] acetonitrile?}8] EFH| &2 90:100. = 3t &1t A¢] 3
A FEddE vlas 43 pH 25904 g v a7 7 FEs Y
= YER A TH(Fig. 4).

A FEE 0.0IM, 0.05M, 0.IMZ 3RS w 0.01MO] FEoA &
OFL, NOR, PEF @ CIP7} 13.433 04 15.96% Alolo] AEE o] 47] RS
s w2ld 7F e, 0.05M9] XA % OFL, NOR % PEF?
32| peak”t 1625014 17.62+% Atolell HAA Ttz &3 w2
7V Ebsskith 28y 0.1M Ak EEel A e A= kAT, 5T

e AE0) FsAA] el AEW QABEE 0IME A s

98]

AM Q14 acetonitrile®] EFY]E&-S ZH2E 90:10, 9119, 92:8% 7%

S ¥ w3t A= Fig 69 2T} 0.1
M phosphoric acid®} acetonitrile®] &3HH]&S 90:102 F7g 3+ -+ OFL,
NOR %! PEF9] retention time®] 16.75%-°4 18.22%7}#] ¢+ds] 2] A
okgtom 92:8 A oA+ NOR % PEF9| peak7} #&] ¥ A ¢kt 121}
91:9°] A eA = 5379 peak7t €3] ElHo] o|RS N EE 4
AT

0
< 23k chromatogram @] retention time
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= pH 2.0

-] 1.74

19.73

- pH 2.5
5458 —
- PEF
5258 — cP
- = NOR i ENRO
"é zos8— OFL g J
- o 28.71
= \Aq s 30,29

13.300—
= 13.95 H 3.0
10100—
6.900—|
- 15 66
1 1 1 1 1 1 1 1
0.00 5.00 18.00 24.00 32.00 4000

Time (min)

Fig. 4. Chromatograms of fluoroquinolones at various pH of phosphoric acid.
OFL, ofloxacin; NOR, norfloxacin; PEF, pefloxacin; CIP, ciprofloxacin;
ENRO, enrofloxacin.
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- 0.01 M

2235

- 0.05 M

= 0.1 M

- 17 .40

1 1 1 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o.oo 5.00 12.00 1&.00 2400 jcujuln]

Time (min)

Fig. 5. Chromatograms of fluoroquinolones at various concentrations of
phosphoric acid. OFL, ofloxacin; NOR, norfloxacin; PEF, pefloxacin;

CIP, ciprofloxacin; ENRO, enrofloxacin.
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- 90:10

- 17.39

: —| =30 1pr2as
— z9.09
- 16,
0.603— -
0BT = 1 1

g 91:9

mAll

6. 43

=l =0 NOR E\IRO
3E16— \31 a4
= =)

o~ 92:8

I 2as

Time (min)

Fig. 6. Chromatograms of fluoroquinolones at various ratio of 0.1 M phosphric acid
to acetonitrile. OFL, ofloxacin; NOR, norfloxacin; PEF, pefloxacin; CIP,

ciprofloxacin; ENRO, enrofloxacin.
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Maraschillo 5(2001)< ©] 572 AHJ o= A3} amine modifier?!
trifluoroacetic acidE ©]&3t o] 3o 2 FUA L fluoroquinolones] ||
Ql OFLY ®F w7l /iIAE S B3t 2™, Samanidou 5(2003)% AHJ 3}

1%574< ©]43] ENRO, NOR, OFL, CIPS] 2| %=

Olr

acetonitrile, chloroform®] ©]%

7} G5FE Btk

2 Ao 0.1M Q4 acetonitrile®] FEE 91:9% F7 3 3 NOR
7} PEF9] peakd B9} st 2|7} & chromatograms 7] 9319
tetrahydrofuran (THF)& ©]&/del H7}sle] &4k th(Fig. 7). ¢l LS
THFE 3mL, SmL ¥ 10mLE 717 7Fst & 7} 33t A 9] retention times
w3k A3}, THFE F71ske] 43t chromatogram®| Al 7} 33t A o] 2
E7F @A A & E = S ekt 18y THFE 10 mL/L& 378t
Re e 7 FHAES] EEle RS o] FAHARE, ENROZF AEY]
] ekorom, 16.1%thollA] NORS} PEFS] peak’} A A vhgkal, 3mL/L 3
7}8F51& W= OFL, NRO, PEFC] 37} peak®] 2|7} HdshA] ekt 18
U THFE 5 ml/L& H7FeRlS wels 2F A2 peak’t W E3HA ] &

[e] o
+ chromatograme & AT

N

3) A&7 Ae

Fluoroquinolone”] &2 280 nmol|A 73t S5 7FA| 1 AT

& =
e d3EdS &aliske 899 pHell A3 == ek
4 gth(Horie &, 1997). Gigosos 5 (2000)% 278 nm®] UVelA
fluoroquinolone sl A& HAZE3FS 21}, Yorke?l Froc(2000)> UVHZ7]
Rute JFo A 71523 chromatograms WEFHTEIL B 1k v Qi) 2 <
TolM = AT~ A FHA olsd £ vEe R V|Ee A4A

I_‘_E__
59 tgsle] =& FFAE7]19 (Em=450 nm, Ex.=280 nm)¥} UV (278 nm)

rlo 2
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= 10 mL/L

Z 5 mL/L
—| =33

ENRO

4(:]48

mAlU

3 mL/L

—] 2.29 15.39

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o.oo0 10.00 20.00 000 <4000 S0.00

Time (min)

Fig. 7. Chromatograms of fluoroquinolones by THF amount. OFL, ofloxacin;
NOR, norfloxacin; PEF, pefloxacin; CIP, ciprofloxacin; ENRO,

enrofloxacin.
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iy

off £ AT

AZ719] chromatogram=- H] W3}y Fig. 8o YEFSIT 1 A3 U
7] Ho= FFAE7E At ol E Y retention timeol]
A okl A FES peakE DS AL, E3F peak WA H|E H| WS
o= oF 5u9] =2 AEE YEFHO 559 fluoroquinoloneAd] Al

v
Aol 4 gFaE Rol Fedy

\

ol
38 09‘.'
o

i o

4) ZFoRA=EA FuA HARY 24
oAby} o] o] FAtel 2 52 E3}9] OFL, NOR, PEF, CIP 2 ENRO

5 fluoroquinolonZ] &t Al 534S Ao AT = = HA S22
S T A= Table 29 ok BAZHLS Ci2l Shiseido UG 120
column (250x4.6 mm id.)= AFE3F a1, o] 3AS pHE 252 243 0.1M

phosphoric acid®} acetonitrile= 91 : 99| H|&=Z &3+3sl & o]FAF 1000 mL

f
o
32
v
iy
iy
N
rlr
c
<
an
e

F tetrahydrofuran(THF)E 5 mL =3§st Zlo] 7}

718t d% AE7]5 A5 Ex 280 nm, Em 450 nmollA £ 3k Zl0]
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10.01 ?_: UV detector

IE1T—] 2.32

0.417 — _ 2o .5s asa

mAlU
z
4
[a)]
i

47 316 — rer Fluorescence detector

ENRO

0.00 Q.34 1868 28.01 37.35 46.69
Time (min}

Fig. 8. Comparison of chromatograms of fluoroquinolones by UV and
fluorescence detector. OFL, ofloxacin; NOR, norfloxacin; PEF,

pefloxacin; CIP, ciprofloxacin, ENRO, enrofloxacin.
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Table 2. The optimal conditions of HPLC analysis for determination

of five fluoroquinolones in fishery products

Item

Analysis condition

HPLC system

Detector

Column temp

Flow rate
Column

Injection volume

Mobile phase

Shiseido nanospace SI-2

Fluorescence Ex 280 nm
Em 450 nm

35T
1 mL/min

Shiseido UG-120 type Cis,
4.6 mL ID x 250 mm

20 1L

Acetonitrile : 0.1M Phosphoric acid
(Added to tetrahydrofuran 5 mL, pH 2.5)
o 591
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BEAE AEE Saliske el EAZE A7 H AT 4 A= AR
o] 0.5 go 2 FAbEY o] HoE 7 Aol thekdt Ao AR
AAE dEzst7)ols v ugske] E49 Adgde] dojA AT 3
= ol AN EAT B FE AAAE ols s mLE JEsd AR
9 I =dEs A ste] At Aol HojA mEe fluoroquinolone

AE 4 57 QA HEe F oJuliE 2487 e Ay e Rs
o}

al

o] gt Al EAM S N3kl AF Nagao 5(1998)9] WS B skl A A
g g ol W= At ARE peakE D AFG S F £
2k AR TS =o|7] 93to] o] 7bx v o g AA S A5
oA g s AlA7] fste] ZFEA S A Y sk T2 V1S9 U

T4t Fig. 13 22 A8 BRS g6l F o 2 35839 ¢
SE ¥ 7 Atk
o] 3| 7l fluoroquinoloneAd] (FE M H7bst § FEsto] FA T

chromatogram¥} 7} &1 4] 9] retention time= Fig. 9 2 Table 3¢ e

il

t}. Fluoroquinolone”] <=+ 0.1 mg/kgs 4 7FsFo] 493t chromatogram(A),
A7 EHEH A 2 ofF AlEY chromatogram(B) ! o ol
fluoroquinolone Al &+ A XT3 0.1 mgkg H7Iste] o]/ A W el
w2t F=3 F, #43% chromatogram(C)E  ZHZf Hlwsle] RW, 7}
chromatogram®]| 4] £} 7+©| fluoroquinoloneZ| &A% 7z AFHE =2 v§ 53517
=2 5™ peak®] FE|E o} FE 3 chromatograms A& 4 St Sk
7} @4t A 9] retention time<> OFL 23.3+0.15 min, NOR 24.9+0.11 min, PEF
26.040.09 min, CIP 28.6£0.08 min % ENRO 42.3£0.07 min = 7} Ji-7te]
I Sl peakE B T UATE Wb 2 R of3l§F F2] fluoroquinolone ]
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mAl

A, Fluoroquinolone STD soln.

B, Blank sample

Pt
C, Spiked sample (0.1 zg/mL)
4259
o.o0 1-1.00 I s I22.DD I C I33.DD I C I44.DD I C ISS.DD

Time (min)

Fig. 9. Chromatograms of five fluoroquinolones in fish muscle. OFL,

ofloxacin; NOR, norfloxacin; PEF, pefloxacin; CIP, ciprofloxacin;
ENRO, enrofloxacin.
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Table 3. Retention time of fluoroquinolones in fish muscle at HPLC analysis

Fluoroquinolones Retention time (min)
Ofloxacin 23.3+0.15
Norfloxacin 24.9+0.11
Pefloxacin 26.0+0.09
Ciprofloxacin 28.6x0.08
Enrofloxacin 42.3+0.07
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FluoroquinoloneZ] &+ #l 5§ 2] EFZFE& NS 0.1-2.0 mgkgs] 554
9lellA HPLCOl F13te] F3HE7]2 Ex 280nm, Em 450nmo A &=
sk peak WHME  Fol] EFEFAS FAS A OFLOA =
y=1364919x-36372 (R*=0.9981), NORSIH = y=3101316x-81327 (R’=0.9995),
PEFo| A= y=4593724x-47703 (R*=0.9998), CIPe| A= y=3700914x-77163
(R*=0.9994) 12 17 ENRO®|A = y=3853977x-181288 (R’=0.9972)% HE ¥ &
A A AT 0990172 v S st AdA-S HER SITth(Fig. 10).

AZEAE Fok= W2 oAl 7k ol AREH L AW, & AT

fluoroquinolone | &+ A =/ Al 59] noise levelol it FFAHE7] HESH]

24 319 vES V2o R sk AAslu olHd WHor =44

fluoroquinolone] A2l HZE3$H7|= Table 40 YEFSITEH AZESHAIE

Z438t7] fste] g, W], A9 2 = fluoroquinolones] oAl &35
¥FENS 0.0005, 0.001, 0.002, 0.01, 0.1 mgkg? == FH7lste] 43+

%_
¥} OFL& A2l 3t 442 0.001 mg/kg?] 55 olA peak’} A &s] 2]w

(ih)
4

2=

™, 0.0005 mg/kgoll A= baseline®l| X peaks 317 o]H T OFL
0.005 mg/kgell Al A3t peaks H AT WetA] £ Ag-ollA] 73 FE5H
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Peak area

1E+07

8 E+06

6 E+06

4E+06

2E+06

0E+00
0 B> 1 L] 2

Concentration(mg/kg)

10. Calibration curves of five fluoroquinolones standard
solution. @, ofloxacin; MM, pefloxacin; A, norfloxacin;

A\, ciprofloxacin; [, enrofloxacin.
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Table 4. Limits of detection(LOD) of fluoroquinolones in some fisheries

LOD (mg/kg)

Fluoroquinolones _
Olive Eel Shrim Oyster
flounder p y

Ofloxacin 0.005 0.005 0.005 0.005
Norfloxacin 0.001 0.001 0.001 0.001
Pefloxacin 0.001 0.001 0.001 0.001
Ciprofloxain 0.001 0.001 0.001 0.001
Enrofloxacin 0.001 0.001 0.001 0.001
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H 4 HPLC 24 ZAAA Y HESA = OFLO| 0.005 mgkg, 123l Y

gt A= 7t fluoroquinolonel &&= 2] A= Son (1999)2
ol wet HEEA L 2w = ST AT ofFol BAG]
OFL-> 0.01 mg/kg, NOR, PEF, CIP % ENRO+i= 77} 0.002 mg/kg7HA| &
°] 7}& 3t tH(Table 5).

H 22O qunolonesAl Aol st FHofzbF$HAI(MRL)7F 8 A
Al &, 7, HAFNA 2] MRL2 ENROS}F CIPS] 3k oFo 2 0.03
mg/kgl 2 o] ATHEU, 1998). Son (1999)°] K. 113t 3% 2] fluoroquinolone
Al FaAE FA6H7] g =AY AESHAE S 0.0025 mgke,
D79k o] Fel A= 0.005 mgkgE THE B 2101, Kim 5(2004)

EFEF oAl NOR, CIP ¥ ENROE A4 4 = WS 7Ndstal=rl

A8 HEZE AREEE WRlel = 2 AR HESHA 9 AZEAE o.

2.0 mg/kgol2tal ¥ 11383, Samanidou 5(2003)2 A oA NO

2 CIPS] BA A A A= 0.03 mgkg, AEHAE 0.01 mgkgoletal B

1 vk Sk B AFeM = o]l 59 ARG FR ve AR 9@ A

SHAE YEbl L glo] ool vk 53k fluoroquinolone Al & A&
A ek wle- A et WHoleta Ayl

g
N

rlr

~ o

5) olF 2 7ML 3FEe 54
o] 35 S oA fluoroquinoloneZl &+t #]| 55 & 3|F&S SAst7] flst
o] fluoroquinoloneZ| ¥+f&E2 o] F7F3kA] &2 x|, WAoo, Al U = 5
o] o] Fol HEFENS 0.05-0.5 mgkgo] HEE ZhZF H7E oS Al 7ol
g WA es F, FEF A HPLCE &
&2 33 v A skl
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Table 5. Limits of quantitation(LOQ) of fluoroquinolones in some fisheries

LOQ (mg/kg)

Fluoroquinolones

ﬂ(jlilv(fer Eel Shrimp Oyster
Ofloxacin 0.01 0.01 0.01 0.01
Norfloxacin 0.002 0.002 0.002 0.002
Pefloxacin 0.002 0.002 0.002 0.002
Ciprofloxain 0.002 0.002 0.002 0.002
Enrofloxacin 0.002 0.002 0.002 0.002
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Table 60 W2 ZHFolA FE3 3 5F&S Yelth OFL 3582
72.3~84.5% (£2.5~1.2), HOIAIF CVEL 3.60~1.45%5 YEF S 21, NOR
S 102.7~109.3% (£9.0~7.5), CVE  121~8.76%, PEFE  105.3~107.9%
(£6.8~8.6), CV  6.45~7.97%, CIP= 99.3~103.5% (£21.~12.4), CV&=
1.97~12.45% “12]31 ENROE 94.7~100.0% (£0.5~9.8), CVE 0.48~9.76%%
e SITE. OFLol &F&o] 7hd wotew, 1 9 A= 100% 452

ol 433 F4Ea HEFHAITE Table 72 WAl LTl F=3 3

&5 YER 2T OFLE 70.0~90.0% (+0.0~7.6), CV= 0.00~9.40%, NOR-
95.3~107.7% (£0.5~9.6%), CV+= 1.49~9.83%, PEF+= 98.7~106.7% (£0.9~9.0),
CVE 0.96~8.43%, CIPE 95.0~102.5% (+1.8~8.2), CV:= 1.75~8.50% 12| 1L
ENROF 95.3~100.0% (+0.9~6.8), CVE= 1.01~7.10%= }FEFU LT} Table 8]l
v Aol gt 3F&S JERHATE OFLE 72.7~82.5% (£1.2~8.4), CV+
1.72~10.39%, NOR 86.3~96.0% (+1.6~3.8%), CV 1.70~4.37%, PEF=
86.0~93.3% (£0.9~3.6), CV 1.01~4.14%, CIP+= 80.7~89.1% (+0.9~5.0), CV
= 1.10~4.21% Z18] 31 ENROE 82.0~84.7% (£1.9~5.0), CVE 2.19~2.23%=
YEFSITE Table 9= =of thet 3]+&25 YeE Atk OFL:= 78.0~83.4%
(£1.0~9.0), CVE 1.22~11.06%, NOR-S 82.7~92.7% (£2.5~4.8%), CVE

l

2.69~5.62%, PEF: 85.3~86.7% (+2.1~6.6), CV+ 2.50~7.73%, CIP:=
76.0~90.7% (£1.1~7.7), CVE 1.20~9.85% 18311 ENROE 78.7~90.5%
(+1.2~7.4), CVE 1.31~9.36%%E HEFHATE HXA[ oA 9] 3l4&o] 7Hd =k
om, thFo] Wigo], Alg, =9 Fola, FAAMEEE OFLe] B& oF
oA 7h wkgtom, B3 BF8N9 HAUbs Rl E 0.5 mgkegel 7HE
S 3¢&S UERNATE Nagao 5(1998)2 0.5 mgkgollAl OFLO]
86.0+4.5%, 0.25 mg/kgoll4] ENROS 86.3+4.4%= UENQIT L 1% =T,
B A% 9] A= Nagao 5(1998)2] H oA Kol G4 =& 3585
BRIl $HA, Gigosos 5(2000)> SHal”7] 54| fluoroquinolone”| &t
Al BFES 100 nglgs H7FSE FavlelAd uvAER7Ig salS)

"
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Table 6. Average recovery* of fluoroquinolones in olive flounder muscle (%)

Fortification level (mg/kg)

Fluoroquinolones
0.05 mg/kg 0.1 mg/kg 0.5 mg/kg
Ofloxacin 72.3£2.5 83.3+2.1 84.5+1.2
CV** 3.60 2.47 1.45
Norfloxacin 102.7+£9.0 103.3+1.2 109.3+7.5
Cv 8.76 1.21 6.86
Pefloxacin 105.3+£6.8 116.0£7.9 107.9+8.6
Cv 6.45 6.79 7.97
Ciprofloxain 99.3+12.4 104.3+£2.1 103.5+8.2
CvV 12.45 1.97 791
Enrofloxacin 94.749.3 97.3+0.5 100.0+£9.8
Cv 9.81 0.48 9.76

* Average recovery was obtained from 3 replications.

** Coefficient of variation
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Table 7. Average recovery* of fluoroquinolones in eel muscle(%)

Fortification level (mg/kg)

Fluoroquinolones
0.05 mg/kg 0.1 mg/kg 0.5 mg/kg
Ofloxacin 70.0+0.0 80.7+7.6 90.0+5.0
CV** 0.00 9.40 5.52
Norfloxacin 97.3+9.6 95.3+0.5 107.7£2.6
(Y 9.83 0.49 2.41
Pefloxacin 106.7+9.0 98.7+0.9 105.9+£2.6
cv 8.43 0.96 242
Ciprofloxain 96.7+8.2 95.0+3.6 102.5+1.8
Ccv 8.50 3.75 1.75
Enrofloxacin 100.0+£5.9 93.3+0.9 95.3+6.8
(Y 5.89 1.01 7.10

* Average recovery was obtained from 3 replications.

** Coefficient of variation
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Table 8. Average recovery* of fluoroquinolones in shrimp muscle (%)

Fortification level (mg/kg)

Fluoroquinolones
0.05 mg/kg 0.1 mg/kg 0.5 mg/kg
Ofloxacin 80.7+8.4 72.7£1.2 82.5¢7.0
CV** 10.39 1.72 8.46
Norfloxacin 96.0+1.6 86.3£3.8 89.9+2.8
Cv 1.70 4.37 3.13
Pefloxacin 93.3+0.9 86.0+3.6 90.0+1.4
CVv 1.01 4.14 1.55
Ciprofloxain 85.3+0.9 80.7+3.4 89.0+1.2
CvV 1.10 4.21 1.39
Enrofloxacin 84.7+1.9 82.0+£5.0 86.3+1.9
Cv 2.23 6.06 2.19

* Average recovery was obtained from 3 replications.

** Coefficient of variation
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Table 9. Average recovery* of fluoroquinolones in oyster (%)

Fortification level (mg/kg)

Fluoroquinolones
0.05 mg/kg 0.1 mg/kg 0.5 mg/kg
Ofloxacin 81.349.0 78.0+7.8 83.4+1.0
CV** 11.06 9.99 1.22
Norfloxacin 92.7+2.5 82.743.3 85.3+4.8
CV 2.69 3.99 5.62
Pefloxacin 85.3+6.6 86.7+£6.3 85.4+2.1
Cv TS P32 2.50
Ciprofloxain 76.0+4.3 78.3£7.7 90.7+1.1
[0\ 5.68 9.85 1.20
Enrofloxacin 78.7+7.4 78.745.9 90.5+1.2
Cv 9.36 7.51 1.31

* Average recovery was obtained from 3 replications.

** Coefficient of variation
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Fluoroquinolonel] ¥ F#< 100 mgkg®] stock solutione Y=l AF&
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solution 0.5 mg/kg, 1.0 mgkg® = RhE0o] AU 4 0% peak WA kY]
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o2 vebstth wEbA 100 mg/kg stock solutions THERS A o 5FA
A = Aoy WA R BEte T Qb sheith

_45_



Ofloxadn

Norfloxaon
- 10
100 100
) x &
8 o 8 o
2 o
: L
; 2
0 10 20 30 40 5 60 70 &0 0
0 10 20 30 40 5 60 70 &
Days s
Pefloxadin Oprofloxadn
10 10
100 100
x & K&)
S o gﬁo
<E40 z40
P
2
0
0 0 10 20 30 40 5 60 70 &0
0 10 20 30 40 50 60 70/ 80 e
Days
Errofioxadn

Area %
oR&a3 8 38R

0 10 20 30 40 % 6 70 &
Days

Fig. 11. Stability of stock solution during storage according to the

concentration and storage temperaturc. E, Refrigeration, 0.5

mg/kg; [J Refrigeration, 1.0 mg/kg; @, Room temterature, 0.5
me/kg; O Room temperature, 1.0 mg/ke.
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Fig. 12. Stability of working solution during storage according to the
concentration and storage temperature. El, Refrigeration, 0.5

mg/kg; [] Refrigeration, 1.0 mg/kg; @, Room temterature, 0.5
mg/kg; (O Room temperature, 1.0 mg/kg.
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Fig. 13. Stability of spiked sample during storage according to the

concentration and storage temperature. H, Refrigeration, 0.5

mg/kg; [ Refrigeration, 1.0 mg/kg; @, Room temterature, 0.5
mg/kg; (O Room temperature, 1.0 mg/kg.
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kg o] A RE A AFE-sE T wol el A 9] fluoroquinolone Al A &
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Fig. 16. Detection rate of fluoroquinolones in the farmed finfish collected
from the different local area. [, ofloxacin; [, norfloxacin; (4,

pefloxacin; E, ciprofloxacin; [ ], enrofloxacin.
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56%

Fig. 17. Detection rate of fluoroquinolones in the farmed finfish at
shipping step for market. [, ofloxacin; [, norfloxacin; ¥4,

pefloxacin; &, ciprofloxacin; [, enrofloxacin.
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Table 13. The results of the monitoring for residual fluoroquinolones in the oyster

cultured at the farm

Fluoroquinolones (mg/kg) Number
Month Temp.(C) g NOR  PEF CIP exro O
Samples
6.3~10.8 ND*~0.042
1 ND ND ND ND 11
(8.7) (2y**
2 34~104 ND ND ND ND ND 13
(7.0)
3 4.8~100 ND ND ND ND ND 13
(7.5)
9.3~13.6 ND~0.016
4 ND ND ND ND 13
(11.8) (1)
14.9~18.7
5 ND ND ND ND ND 10
(17.2)
19.6~24.2
6 ND ND ND ND ND 8
(22.0)
18.9~234
7 ND ND ND ND ND 9
(21.5)
23.7~274 ND~0.046
8 ND ND ND ND 9
(25.5) (1)
24.1~27.3
9 ND ND ND ND ND 9
(25.8)
204~214
10 ND ND ND ND ND 8
(20.9)
17.0~18.6
11 ND ND ND ND ND 13
(17.7)
9.2~12.4
12 ND ND ND ND D 1
(12.4) N 3
Total 3.4~274 0 ?3())'046 D ND P ?1())'016 ND 129

*

Not Detected;

** No. of detected samples
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Table 14. The results of the monitoring for residual fluoroquinolones in the mussel

Fluoroquinolones (mg/kg) Number
Month Temp.(C) ) NOR PEF CIP Enro | OF
Samples
34~10.4 0.030~0.031
2 ND* ND ND ND 2
(7.0) Q)
3 48100 p ND ND ND ND 2
(7.5)
93~13.6 0.016~0.043
4 ND ND ND ND 2
(11.8) )
14.9~18.7 0.015~0.018
5 ND ND ND ND 2
(17.2) )
19.6~242
6 ND ND ND ND ND 2
(22.0)
18.9~23.4
7 ND ND ND ND ND 2
(21.5)
23.7~27.4
8 ND ND ND ND ND 2
(25.5)
241~273
9 ND ND ND ND ND 2
(25.8)
20.4~21.4
10 ND ND ND ND ND 2
(20.9)
17.0~18.6
11 ND ND ND ND ND 2
(17.7)
12 227124 p ND ND ND ND 2
(12.4)
Total 34~274 ND P ?2(;‘03 ' WP ;8'043 ND 24

*  Not Detected;

** No. of detected samples
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Table 15. Depletion of enrofloxacin and ciprofloxacin in the muscle of olive

flounder after oral administration of enrofloxacin during the first

examination
day Temp. Concentration(mg/kg)

(C) ENRO CIP ENRO-CIP
Before feeding 16.4 ND* ND ND
Feeding 3-d 176 0005 No00) N 000,
Feoding 6.4 g 00116 ND-042 001213
Feedig 94 171 Ot NGRS OGRS
Depletion 3-d 17.4 0?62},15)25 N(]())_(())6§1 0'?()2.;111';36
Depletion 6-d 183 C0n OAs e
Depletion 10-d  19.0 o0 oo 05
Depletion 15-d  20.0 N(%fggg ] Nﬂ?,,‘&ﬁ” N(]())._(())9§6
Depletion 20-d 205 ! S10.00) oo
Depletion 25-d  22.0 o0 00 o
Depletion 30-d 209 (POt ND 009
Depletion 404 217 {0 ") Mo
Depletion 50-d 223 0'?01.607')10 ND 0'?01.607')1 ’
Depletion 60-d 229 O01E0 ND *006)
Depletion 80-d 242 (FOM ND 003
Depletion 100-d ~ 23.8 N(%fgi()ﬁ ND N(%.-gi())3

*  Not detected

** Median of detection concentration
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olive flounder after oral administration of enrofloxacin during the

first examination.
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Table 16. Depletion of enrofloxacin and ciprofloxacin in the muscle of olive

flounder after oral administration of enrofloxacin during the second

examination
day Teomp. Concentration(mg/kg)
() ENRO CIP ENRO+CIP

Before feeding  20.7 ND* ND ND

Feeding 3-d 21.1 ?10516)2*22 N(]g_{) 5% : 0'? 11._634')1 ’
Feeding 64 2y s 0.?2?-933)33 N(]())‘-%s 0.?3?—231.)65
Feeding 9-d 21.7 0?19 -731')6 8 N(]())-{)go 0?19?9;)0
Depletion 3-d 21.1 N(]? -31 88 N(]())_é) 1?)’0 N(l? -52 2%4
Depletion 6-d 21.1 0(151 _2(2‘)2 8 0?02 E)(Z;? > O(1()6 _207)33
Depletion 10-d  23.0 N(lgf{) 54 N(%f&‘)” N(%._ : é%4
Depletion 15-d  24.1 NB"&? N(](D),'g i())l N(]())._(())éil
Depletion 204 233 (080 000 o
Depletion 25-d 247 0008 ND 006
Depletion 30-d  23.2 0'?&6%‘? 6 ND 0'?()2.605'? °
Depletion 40-d 214 AP ND 00
Depletion 50-d 202 01 ND o0
Depletion 60-d 187 N0 ND oo
Depletion 80-d4 158 NOT ND N oo
Depletion 100-d 130 Ngoo! ND " 000

* Not detected

*** Median of detection concentration
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Table 17. Depletion of enrofloxacin and ciprofloxacin in the muscle of olive

flounder after oral administration of enrofloxacin

day Ist Exam. 2nd Exam.
(Average£S.D) (Average£S.D)

Before feeding ND ND”
Feeding 3-d 0.23+0.58" 1.45£1.19"
Feeding 6-d 1.22+0.89" 2.67+1.40°
Feeding 9-d 0.99+1.12* 2.07+1.53"
Depletion 3-d 0.79+0.69"° 2.07+1.53"
Depletion 6-d 0.45+0.43" 1.36£0.97°
Depletion 10-d 0.09+0.12° 0.26+0.06°
Depletion 15-d 0.19+0.22° 0.14+0.10°
Depletion 20-d 0.05+0.05° 0.06+0.05°
Depletion 25-d 0.06+0.05°¢ 0.04+0.05°¢
Depletion 30-d 0.08+0.04° 0.11+0.02°
Depletion 40-d 0.17+0.06° 0.06+0.01°
Depletion 50-d 0.05+0.04° 0.05+0.01°
Depletion 60-d 0.060.04° 0.03+0.01°¢
Depletion 80-d 0.03+0.01° 0.02+0.01°¢
Depletion 100-d 0.01+0.01° 0.01+0.01°

* Correlation is significance at the 0.05 level
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54 5 S thFig. 20). 1E ATEC B8 Fol 25F9 FA AFFLS
Foplztat eEde Ampw, Foblzte] e Aholi 9 OLkp<0.05) 1
A, 23ke] WRE §91 5 Q) Foli= LA €Skthp>0.05). ENROS 74T

B2 £83% 3 94X 25 5 ENRO ¥ CIPY

Y=0.61—0.25x In|lz— 0.93| (1st exam)
Y=10.85—0.38 < In|z— 0.96] (2nd ezam)

o] W] o)t 1, 22 23] ENRO ¥ CIP2] ZHF7F] 0.1 mgkg
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Fig. 20. Concentration-time curve of enrofloxacin and ciprofloxacin in the

muscle of olive flounder after oral administration of enrofloxacin.

@®, Ist Exam; O, 2nd Exam.
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Table 18. Depletion of ciprofloxacin in the muscle of olive flounder after oral

administration of ciprofloxacin during the first examination

day Temp. Concentration(mg/kg)
©) ENRO CIp ENRO+CIP

Before feeding 20.7 ND* ND ND

. 0.05-0.22 ND-0.01 0.05-0.23
Feeding3-d 21.1 (0.13)%* (0.00) (0.13)

. ND-0.24 ND-0.02 ND-0.25
Feeding6-d 23.0 0.11) (0.01) (0.12)

. 0.02-0.18 0.01-0.03 0.02-0.20
Feeding9-d 24.1 (0.17) (0.02) (0.18)

. 0.02-0.58 ND-0.00 0.02-0.58
Feeding 11-d 24.1 (0.13) (0.00) (0.13)

. ND-0.51 ND-0.01 ND-0.52
Feeding 13-d 24.1 (0.03) (0.003) (0.03)

. 0.00-0.25 ND-0.01 0.00-0.25

. 0.01-0.04 ND-0.02 0.01-0.04
Depletion 6-d 248 (0.03) (0.00) (0.03)

. ND-0.01 0.00-0.01 ND-0.01
Depletion 10-d 25.0 (0.00) (0.00) (0.00)

. 0.00-0.00 ND-0.00 0.00-0.01
Depletion 15-d 24.7 (0.00) (0.00) (0.00)
Depletion 20-d 24.2 0?(?6%91 ND O?Sb%g)l
Depletion 25-d 23.2 ND ND ND
Depletion 30-d 22.4 ND ND ND

* Not detected

** Median of detection concentration
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Fig. 22. Withdrawal time of the ciprofloxacin in the muscle of olive
flounder after oral administration of ciprofloxacin during the first

examination.
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= Fig. 240l YEpSIth AR 7 s E9F Al x| Abe] whet BF 24
]l Afol & YEFH A O (p<0.05), FOF 6ol FHE = JHAE A wE v
zpol= ot 7Igh e whE Fol Al Apol= vhERUA] 9k 3k tH(p>0.05). 1
2if BARS] Al S AFESE || 7F AALS] Al S ARESE PA HO 2
O] Al AFFE FHNN T =2 FFS UERI A THp<0.05). &t
AL AR FoFrIt At Al Az Abe] WE Aol E ANEA S o

ga0] 2ANRE A3, Fob| 7k} EAl Az Aol wet YATs 5o @

_88_



Table 19. Depletion of ciprofloxacin in the muscle of olive flounder after oral

administration of ciprofloxacin during the second examination

day Temp. Concentration(mg/kg)

(C) ENRO CIP ENRO+CIP
Before feeding 20.7 ND* ND ND
Feeding 3-d 21.1 I(\(I)Dl'%ig ND N(lg-?7?;0
Feeding 6-d 23.0 0-?55%)52 N(l())‘-gigB o.?&é()g.)ss
Feeding 9-d 24.1 0-(2(?'3%)58 N(I(J)'—(())(.)())l 0'(2()7.3()9'559
Feeding 11-d  24.1 0-(3&-601-)66 N(I(D)‘-&-;))l 0.(3(;-6()1.)66
Feeding 13-d  24.1 0-(101_'501-)73 N(I(D)'-(())(.)())O 0'(102._502')73
Depletion 3-d 23.3 0(2(?5%)59 ND 0(2(?'3%)59
Depletion 6-d 24.8 0?(%%10 N(]())_(())O())O 0?(;)6(21)10
Depletion 10-d  25.0 0-?&01-91 N(I(D)‘-&.)())O 0'?5).601'91
Depletion 15-d  24.7 0-?00'-001';)1 N(lg'—g(.)g)o o.gga;n
Depletion 20-d  24.2 0-?&%;)0 ND 0'?(?.6%;)0
Depletion 25-d  23.2 ND ND ND
Depletion 30-d 22.4 ND ND ND

* Not detected

** Median of detection concentration
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Fig. 23. Withdrawal time of the ciprofloxacin in the muscle of olive
flounder after oral administration of ciprofloxacin during the

second examination.
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Table 20. Depletion of ciprofloxacin in the muscle of olive flounder

after oral administration of ciprofloxacin

day Ist Exam. 2nd Exam.
(Average£S.D) (Average£S.D)
Before feeding 0" 0°
Feeding 3-d 0.13+0.08™ 0.13+0.12°
Feeding 6-d 0.12+0.12" 0.30+0.18"
Feeding 9-d 0.22+0.09"° 0.414+0.12°
Feeding 11-d 0.22+0.21° 0.55+0.12°
Feeding 13-d 0.29+0.17* 0.46+0.23"
Depletion 3-d 0.16+0.08" 0.34+0.14°
Depletion 6-d 0.03£0.01° 0.05+0.03°¢
Depletion 10-d 0.01+0.01° 0.01+0.00°
Depletion 15-d 0° 0°
Depletion 20-d 0° 0°
Depletion 25-d 0° 0°
Depletion 30-d 0° 0°

* Correlation is significance at the 0.05 level
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Fig. 24. Concentration-time curve of ciprofloxacin in the muscle of olive flounder

after oral administration of ciprofloxacin. @, 1st Exam; O, 2nd Exam.
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Concentration-time curve of the levels of ciprofloxacin in the
muscle of olive flounder after oral adminstration of ciprofloxacin.
®, Ist Exam; O, 2nd Exam.
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