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Fluoroquinoles have a wide range of antimicrobial properties and are effective in the treatment of bacterial
diseases in fish. The use of fluoroquinoles continues to grow steadily. Fluoroquinolone antibiotics are probably
the most important class used among synthetic antibiotics in human and veterinary medicines because of
their broad activity spectrum and good oral absorption. This study was conducted to estimate the residue
of antibiotics in four species of farmed fishes, including olive flounder (Paralichthys olivaceus), black
rock fish (Sebastes schlegeli), red sea bream (Pagrus major), and sea bass (Lateolabrax japonicus), collected
from fish farms located in the southern coastal area of Korea. The residues of fluoroquinolones were determined
using high performance liquid chromatography (HPLC) with a fluorescence detector. Residuals of five
fluoroquinolones in muscle tissue of farmed fish were analyzed. We found that enrofloxacin was the most
common agent in fish muscle, and that ciprofloxacin was the next most common. The range of detected
concentrations of fluoroquinolones in olive flounder muscle was 0-0.859 mg/kg in 32.6% of all samples.
Enrofloxacin was commonly detected in sea bass muscle at a range of 0-0.143 mg/kg in 38.9% of all
samples. Fluoroquinolones were detected in 6.9% of black rock fish muscle and in 16.6% of sea bream,
although the detected concentration was below 0.01 mg/kg. The maximum detection value of enrofloxacin
and ofloxacin in olive flounder at the time of shipping was 0.102 mg/kg and 0.09 mg/kg, respectively;
no other antimicrobials were detected. We detected no antimicrobial substances in red sea bream.
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M 2 (Son, 1999; Yun et al., 2003).

Fuoroquinclone |8 $A1E 999 97 5mo) Ay Foroquinclone?] AL 712 quinclone?] 5 T1%
B} 2] w2 Aot TEo] A AEe xgss HHS AR o|F Al AW XFd iz v
14 Fa3 G4 FREAEY shtoltiMorales-Munoz et al,  SAZ0IH, 2 Aol dlgh AL FAAFEMIC)E =
2004). fluoroquinolonZ] 3 #) Fol A Norfloxacin®| 19843 7] quinoloneA| Bt} U] ©51, W& oA Hojut Al
n)3 AlEo|ekE ol g o 2 HE Huls| kS ol 1 skxE WERN T (Markwardt and Klontz, 1982).

ol ukAl H Q31 (Koga et al, 1980) 4@ 1= Soj= FluoroquinoloneA| g =t A= 71&9] A vlste &
19873 2E] QH o] HE] ALEH Zo] Y enrofloxacine®] S AAE AL 7] el FAojFe] AWA 9} oS
FEgojbEo R ALEENE Hgton ARAME 1991d  HHEE FAbF ] ARgFFo] b F718taL JTHKAHPA,
o] Zof| enrofloxacin, danofloxacin, ofloxacin, benofloxacin 5 2001). 4 Yt A 4802 FrlE o] U= fluoro-
fluoroquinolone | & A7} FE-GolFE o2 £ o] uj quinolonZ] &A= enrofloxacin, ciprofloxacin, norfloxacin,
W Alg-aFo] Z7b8ta Jth(Horie et al., 1995). ofloxacin & pefloxacin 5°] Jo™, ARG £ 20029 =

FluoroquinoloneAl = ofloxacin, enoxacin, ciprofloxacin, 71 BollA 20049 % 81 ECE 14%9] F7H&S YERSITH

pefloxacin 5°] 7H2E o] 1980 dt) & 7) =AL8 Ao ok a8 #T 9 fluoroquinolonedl A& Salmonellass

Fozx ALgoB7}t A)H o) (Heo and Kim, 1994; Heo et T3 Campylobacterdy o] HEHT 5 FAE FoA 4=
al, 1998), -2} oj 7okl Aol AAHUA AFY A7 IFE I FAWAGe] FAZE Hol vl=, f, A& T4
A Aol dw @ X g3led agdoez AL k. FAIE At e Ao |th(Herikstad et al, 1997).
Fluoroquinolone ] &9} A& 27887152 EUS] 4
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sarafloxacin §°] AAEo] 9lon o] F FAEqME
enrofloxacin ©% & ciprofloxacin®2] &3 %O =2 0.1 mg/
kg& A3 Y OVHEMEA, 2002), ¢yt e =&
2 71E5F0) WA= enrofloxacin 2 danoflxacin®] 0.1-0.2
mgkg, G, VT H FA A EFFAH DI (Codex Alimen-
tarius, CODEX)ol| A= 0} 7}A] fluoroquinolonesAl ol thEt &
SARINERE A YA B AA otk et dRof
e AEF A fluoroquinoloned] A7l HEH A E
olJEHE EFE FAZ AT

3, 2003930 Fejutetel A EUR $23 Al A
ciprofloxacin®] A& ¥ ®} 1o, I F R = Ayt
Wogol g Se|uete A 28 B A A enrofloxacin®] A
5 5 FAZZ A g B o] ZFeiE o] 250
EAZE HASA HAA, Syt FAE g
fluoroquinolonesZ] A2} 3]-8-2F7]EX] E EAYE ¢
ol e} Hed AME A2} getE o] A ¥ Aot
Y H2Z AAEA A B 2F AT FUdAME
enrofloxacin 2 ciprofloxacinol] )3} B3} A E3-735-&
71EAE el a3t Qlom, o] o st wEE 4k

=

r

%9 enrofloxacin @ ciprofloxacin®] 7|EX]& F A

Ao Z 0.1 mgkg ©|Et=E FAST UTh

B ATe S 2 7R FAgA A FAFA o
o] Aot & XNEE EFH O AME3t= G Al ALE
Ae e} FA Foll A FaA i HFAYEH <t
Agn ol ool Ar|ge] net Al 71A FaA Fol
A] fluoroquinoloneZ] Ao g ofAY z7F H=E
AstEct.
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2004d SEHE 10897HA Eviet dAtell A FA el A
A3t J= FA B, AA, A5, &5 2 AF F 67l
Aefel 4 B ARARIAT 1ALE AR
7k A Fe] FA87E g S wet 74 AA|, @
AE JAtaka Al A X (Paralichthys olivaceus)E W7o 2
1893, AR, 9, ¢ D g G ME g A/SF21H
o] 23] 8B-2(Sebastes schlegeli), & (Lateolabrax japonicus),
L& (Pagrus majory& Ao 2 st 3§ Algoj= 7} of
Fa Ao A 5107812 B8 AF S SHA F e
18 2E|2E Bld] o} AN &4 Z5& HFAS
g AE EAs

Heb shaH|

A g4 &7 A= fluoroquinoloneA E Foll A 418 &
okx o7 Fr7tEo] 3+ ciprofloxacin (CIP), enrofloxacin
(ENR), pefloxacin (PEF), ofloxacin (OFL) ¥ norfloxacin (NOR)
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FluoroquinoloneX| & x| EMxEA U FEUHY

FluoroquinoloneZl o239 #4& HPLCE ©| &35l
B35} t}. C18 column (Shiseido UG 120, 250x4.6 mm i.d.)
& A8, o] %42 0.1 M phosphoric acid (pH 2.5)9}
acetonitrile® 91:9 (v/v)e] BHI&Z EFT ¥, LT THFE
smL A7}8ka1, 333 72 7)(Ex 280 nm, Em 450 nm)S A}&
&l | mL/min® F£2.8 43929 column &5
0CE 1Y) InjectionF2 20 uLE FYF L, BEA
7He 50802 sto] BT

FluoroquinoloneA| € T &2 FE& ofF o5& AF 3
2 ZA wkalske] 5 ¢S F 8} phosphoric acid9} acetonitrile
EFY 40mLE 7teted SR Ao A (Polytron PT 3000,
Switzerland)& 2%t T ASA A} o] FANS A4l
7 80T & FoA 1087 THE 719 F W3t
5,000 rpmoll A 1027 AR stHch FFHE SO0mL A
52 A hexane 50 mLE 718k 283 oA 1 &%
o} (FE%)2 n-propanol 10 mLE B0} 40Tl FHA}THO]
32 7R ZdESsA ©] AuES o5 2.5 mLS
7V8t] SonicatorE ©] &3te] TEI] L3 A < 0.2 #m
membrane filter (Millipore, USA)E 3}3 & HPLCZ £435}
At

N

of

g

da o onE
UM ZY fluoroquinoloneHl M| ZHFEF

AET FAEAY U ZUEHS AAAHE B2
7t A AAEta 9led, vl=, BU, 98 5 FaF7MIME
AA A Rotx Rt st gled, FARUEH,
PAFERUEY B o dFFRAIE FEEC B A7
ol A F=3et RUEEL &) o7l tig A8 FH
AF F AURAFIAEF T 7IE 2B E S IxARR
g83t7] A A = BUHHS AASAT

S uel A FEE 2004950 6753 AES
AAERTh olF YAl At 3WESE AHA| ol F9
AW 2R sa 9, thgo] 29 EE 2UES Jaksta
dow, &, B, Z4E Fo Tol $EvEt R FHF
o]tKKorean fisheries yearbook, 2006).

o F A gL e} it F2 ARt e
u, 7} o] B3 Q)= WX (Paralichthys olivaceus), &
5| B2 (Sebastes schlegeli), 5l (Lateolabrax japonicus), 3%
(Pagrus majoryS NEo 2 11 FAFE WEo R 4% 2793
2 E 43 d3E Table 10 JERAUTE

HAE F2 S4A 2402 YA H1 e vt
WEAQN FHFFOZ B4 AA, 9= D AFAGN
7HE st FAHI e FELE B RAMIARE ol
A S S ZAAC R ARG APl AHEgE
A= FdHF 473.32305.6 g, A 32.0£6.7 cm9] A
o2 Z3A7)9 Blusle] B o ozt T3 2719 $olE
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Table 1. Ranges of residual fluoroquinolones in the muscle of the different farmed fish species

Sample Fluoroquinolones (mg/kg) Number
Fishes Weight (g) Length (cm) . of
(Average+SD)  (average+SD) OFL NOR PEF cip ENRO  samples
Oliver flounder 102.0-1394.5 20.0-46.0 ND-0.063 ND-0.006 ND-0.007 ND-0.859 ND-0.348 135
(473.3:305.6)  (32.06.7) 3) 3) 2) (44) (43)
Black rock fish 104.7-707.9 17.0-35.0 ND ND ND~0.004 ND-0.013 ND-0.008 72
(344.1£130.8)  (26.7+3.9) 0) 0) ™) @) 2)
Sea bass 66.6-444.6 19.0-34.0 ND ND ND~0.004 ND-0.008 ND-0.143 54
(232.8+1036)  (26.7+3.6) ) ) ) 3) 1)
Red sea bream 598.2-1265.0 31.5-39.0 ND" ND-0.006 ND ND ND-0.006 18
(857.3t196.3)  (34.7+2.5) 0) 1P ©) ©) @
ND, Not detected; *Number of detected samples.

A3t ATt

Fluoroquinolone | € d+wAl= A5, Bl BRI LH,
A=der 55 X537 A3t QXSG F2 AR
a3 gl ekFolw, YAl A= CIP ¥ ENROZ} 7+ %ol
AEHRAY, R FHAE ZF H1EE o] GG Fl
A& fluoroquinoloneZl A& EF A3l e HAo=E
gA5 At CcIpe] AEHYE 0-0.859 mg/kgo| .0 AA
A& F 32.6%2] AlSoA AZEHAJTE ENROS HEHAE
0-0.348 mg/kgol R o.M, F 43712 A RoA AEEH 31.9%
o] HEEE e

ol B9 & oAl AXT srtTE FAeA T2
FAE I lom, AZF oF 2WE(170Y) BEIT 44 sk
Ae FAEZOIT Aol AHES Fole HFAFT 232.8
£103.6 g, HTA G 267£3.6 cm@] FATEAY AL F2 A&
hoH, & 54709 A RS B4 A3 FololA g
fluoroquinolone A€ 3T A= OFL 2 NOR= A& HEEHZA
R AATE, PEFS} CIP7} 0.01 mg/kg ©13He] vlZe 2 HEF S
2.1, ENROE 0-0.143 mgkgd] HAE 21719] AlgolM HE
Hof 389%9 HEE&S JeRATh

ZHE e e JuA JIFF BUEHE S 59, 945 %
SxA g Y23 A G7HFE FAAG 3N LAAM AASA
o} BAEAE 34411308 g, HT AT 26.7£3.9eme] AL
AHgEtgow, F 72709 AR E Ao AMRETh 2398
29241 9] fluoroquinolone AlE T A= OFL 2 NORE A&
A&HA gttt 18U PEFE 0-0.004 mg/kg, CIPE 0-0.013
mg/kg BHE 242 17R9h 2719 AlBeA AEHAOH,
ENROT 0-0.008 mg/kg®} HYZ 2719 A|RolA HEH o]
QAU Fojof HIste 43 Ee RRvst AENEE
el o] ZuEek k2o A= fluoroquinolones 3t A &
Ao} ARE-SEA] Al Qe Zed FobE .

ol disire 99 sid7HRE AR 1A g
A R ZYHEH S AAET Ha A F 857.3£196.3
g, BAAG 347425 cm9] Z& AFEER oM, F 187]9] Al
B2E B4 A28t FAEolA9) fluoroquinolone A1E &
TAE OFL, PEF  CIPE A3 ZAEHXA gkgkort, NOR<}

ENROE 72} 170 2 270 A&l H o 0.006 mgkgd] 5%

AZHJT weA LRt R7HFE EA A E fluoro-
quinolonel BT AE A9 ARSSFAL 1A S AOE HHE
o, aojgle] GEFANME BAARQ] ©]FZ fluoro-
quinolone| & LA E o] AHESIA] e A2FE ZAMEA
o aelu QXA E o] AREL e AL

FRAE ATt ©]F ENROE A F3|Abo A #4802 Az
Aefst ] e FAA ol YRt AN FEEL
2 AAHL Y= 4FE TUsk Aol ARl e
AHdo] ERIE AR oA H ATHA Fe TEE FES

AgsE AL A Yol Azun:.

o
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2AAI0| /7 &£ A|7|9Y fluoroquinoloneX| &M HEE

2004 SEEE 109702 574 4 3l o F A FelA
A FQ gA, Fo, 29EE L ZE U fluoro-
quinolone Al g &t A|9] A|7|¥ #Z&E Fig. 19 JERIA
ok A17]el met zbole Aot sejvhel o {2 oA
£ OFL, NOR, PEF, CIP ¥ ENRO ¥ fluoroquinoloneA &
FHAE BT AMSEA Qe A2 FAHATH o|F CIp
2 ENROS A9 i€ HEHUS, 787 g I A 50|
A NOR % PEF°] AZH 3t}

Fluoroquinolone Al 2] &8 20043 49l 40%H R Aol
T2 BFE FolA 8€olE 60% ©)439] AlRAAM HE
Hoor, 98 2 10€0lE HEEC] BAd=RTFES BATh
CIPS] 75 5900 18%S] AEE&S Hold Aol 79l 54%
2] NEAM HEHAAJT 22 Yol OFL-S A2)3F NOR,
PEF, CIP ¥ ENRO°| 2% HEHE Ao E Hol sldr|de
o8 7}2]9] fluoroquinoloneAdl FHAE AHE-&l= Ao g &
A= ALt

Y2 Aol A= fluoroquinoloneAd] &#A 5 CIPH
ENROZ 1% AEHI o), OFL, NOR 2 PEF2 #¢]
AEE A &9t} CIPE 999l AH T A|BZ 043 mgkg?)
olF & FEE B9 AX glon, ENROS 823} 999
27} 0.1 mghkgs 273t AEHUA AEFA A H = <&
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=
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AA ZAF7IE] AtAA YA gon, dRANE 25 3]
£ J1EA7E At A AA &7 wEe] HEo] HolMe
dEE FEAZ FAH Aok ¥y EUClA e CIP#
ENRO®] ©5 T &3 422 0.1 mgkg o]t e} gcin
FAHe] 3, SVt E AT IR BE 2 A
0y 5& 38k cip 2 ENROS A ERFIHE 7IEXE
EUQ]r 22 oz AR Fo Aok
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7‘1% AfA A AR EE 93t daAE FoFsin
919\1013% T AAESS FX387] Yt HERIAl F dd
Ag FAE ArE 9 A EFst] Folste A7t Bkt
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ol F ol Aol AGEZ A AME- HElE dolr ]
A3t F2olfF T FA FF EUEHH S o F o]
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Fig. 1. Monthly detection rate of fluoroquinolones in the muscle of farmed fish (four species) in 2004.

Fdx G M= gl Foad 12dA ZE 2 2oEg
o i3 EUHHS A ]3}%5} Fluoroquinolone7| &HrA] 9]
NOR¥} PEFo} 47} 13.3% % 8.3%2 A&E&S Yehd

AAA e =°r ‘IET FA T 3l o] {42 gl A
k7 G FoE ddez AFEYUHHS AAsHAH.
fluoroquinoloneA| € Al GA] ENRO©| ZA| AlEF 90%]
A, CIP3} PEFO] 42t 16% 2 10%9] A8 AA AEH A

Fo M 7T GRS ddoR 29289 5
ol tiafjAl oAl FFEUEHS AAISIATE sl doAFF
449 FRE 05ha EE 27 FALE S Rojw,
o8 FHY olFE FAstT Utk AL G M| A
AE&L CIPO] 20.0%, 2211 NOR®) 3.3%2] A1 FolA A&
HAt 4Gl gl AXT AT T
oA o EEE s HUEH st o, Azl ¢4
3 S F g M WA ol e aAl AFF ZUEH
S AAE g SER Y fluoroquinolone Al E A
Z| ME CIPO] 16.7%, o] B0 A& PEFO] 3.3%2] A 2o A
AZHAH.

AFAGME 2] S4AFFAFE G5t |A
of Wil A FHF EUEHHE HAISHATY. Fluoro-
quinoloneAl ¥ &A= CIPO| 50%, CIPC} 20%2] A& oA

AEFH AFAGY o FUFAGNXE oxytetracycline 2
o] CIPelyt ENRO 59 fluoroquinoloned] &AlE ol At
|3t3 gle A=z FRIHAUMT

AT AA & Eoﬂzﬂ Aﬁ/‘PEM %—5}51 Yz 9 E91
Age A AaEo] EdlEe 2 EH-S G L2 fluoro-
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Fig. 2. Detection rate of fluoroquinolones in the farmed fish (four species) collected from the different local areas.

Table 2. Range of residual fluoroquinolones in the farmed finfish at shipping step for market

Size of samples

Fluoroquinolones (mg/kg)

. No. of
Species Local area Samples
Length (cm)  Weigh (g) OFL NOR  PEF cIP ENRO
. 473.8-1069.7  32.7-44.0 ND"-0.046 ND-0.018  ND-0.102
Geoje  (g72011522)  (38.2¢3.1) @y ND - ND 3) (13) 30
. 251.1-782.3  27.5-40.0 ND-0.052 ND-0.067
Oliver floundr Wando (507.5+143.3) (34.413 3) A) ND ND ND (8) 27
. 135.6-1405.3  22.0-47.0 ND-0.090  ND-0.076 ND-0.053
Jeju (720.85357.9)  (37.5¢7.2) ) ) ND ND (6) 35
ND-0.090  ND-0.076 ND-0.018  ND-0.102
Total 646.0¢ 2662  36.9:5.4 10) ) ND 3) @ 92
216.7-634.6  23.0-32.0 ND-0.002
Black rock fish Tongyeong 435 6:1257)  (28.2+2.9) ND ND ND ND (1) 30
ack rock s Veosu 265.8-608.1  23.5-30.0 ND-0.070 ND ND ND ND o7
(402.3185.7)  (26.8+2.9) @)
Total 419.8£109.9 275125 ND-0.070 ND  ND ND ND-0.002 5,

&) (1)

"Not Detected, “Number of detected samples.

quinoloneZ] Al 5488 E48HtH(Table 2). Al A}
23 dA= AGER Zol7t YA FAANF 646+266.2
g 2 HIFAF 369+54cme] 92H S B, xyBge
AZE 14941099 ¢ B A 27.1+2.5 cm9] 5742 2005 49
5 9€712] vld Z3dAd v FHAFE YA
EA314

EstdAlel e | 927) AR FolX ENROE 2770 A5
ol Ht 0.102 mg/kgol FEHUL OFL% 107] A& A
H) 0.09 mg/kgo]l BEE 42 29% 2 11%9 AL
Uetgilet, 1 9 gaAle AY AEHA FAd) A,

zZyEgo A¢ 5770 A8 £ OFL 2 ENROVF &2 274
2 7] AFRA olF Fu| o] HEHJUTH

wetA] 2 Al A e ZAAF EEA e FA o
ol A fluoroquinoloneA & AIE AF&3l glom, Z3F
AR FAF e FE FE AFNH ol &
slste A7 e 2ol ERIHAT mehA 243 Al Gy

i

ol fluoroquinolonel 9] Aol gt 2] EFHE75F 715 4]
&} £l Fyeojof & AR AdHr)

Oh)\lo.l_ﬁ_ Zo| st

O

xﬂ x[-E E[_|E{al u47|.

2004 H4E ﬂﬂ], T9D, A7, 8%, AF 24 S-3
o F FAFoNA F2a F o FE WIS Z fluoroquinolone
A A sZEA i IH AFE 9 13 2UER &
@-T’Jr"ﬂ & Frte o3 2o

o] ZAMAG AFEAGAAN FAHA Sl 2

53;7‘74] AHEERIL e AR FRIEHY o, &2 F2 of
5 %ollA fluoroquinoloneZ] FTAl= oo A Z2
AR B AR E 2 AL4le] W] 55]9\1‘:} aga A7
g FAolF T FEA AETEw dAR ojFFAHo
W3] dAste sHAYd & AR ALY ‘3}1:]-

T AR FAFAME AT AU A HEEHE

=

o

o= gRlFo] LA A ALE wE FA W

>
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Aoz welH ATt Haka, F4)
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2 4Rl Uizt LurE FFA Ao g A71HA Ax,
2% 9 ASo] Wag AcE WU Tela, FHolH
of thele] 9% FRAS Folshe P4l tisle] AEEA}
A3}, ole @ G MNE WAEE AZT o) A RE
F92 = QE 2939 VATL Aol A3k FAAS

Arele Aoz 2N BekA, olHE EAHS A2
37] Slstd ALg R oAl APAAAZ £ 7ol
ve zAE WPAEE AR 2T shiel WHoz 4z
g, olg A9 FEA TR We AAA RHE 4%
3 B7E 4 e Aoz Azad

W FAge] 272 ol FFNIET e YA 4E

£ JEpRS B ofle) TRE T FEAE A3
3 g Aol FAAKYTE Gehd ofF PN AR
FEAe Aol e BAAS HelA Y vie] Bad

Ao E AREAT &, FAF s o] FARY oY &
NHE Yol AFges BE Al 7o 2 AR gt
71585 oFHoE FA-BYI}EE 311, B FroAME

714 AAE AAshe A% 22 R FARMY I
A 2-gG8E AT & e Adsal =410 B AA
Tl a7 E

el o 74 4%‘011*1” 78] thE-Ee] A
Al 5 FEEAUFES AL 317] 2ol o]ES 4
Az B H“—r“g«l =E9874°] *JZ:—%}
&k 59 Asled ZUHF R IFdde
Fasit
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