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HPLC-UVZEJIE 0|88 =E2 & oxolinic acid &4
TME - OINET - SN
dFoi et YA asel, S e Ay A ey
QoF: =¥ T quinolone#| 2] =S oxolinic acidol] thste] HPLC-UVHE 7S o83t At
FREAPES AAsAT =EY Nae A9 B4 b2 2EWS FAstAoH, EY T oxolinic
acid<= 4 M-KOH : MeOH(1 : 3, vjv) £&-4u|8 Z&slo] 28 A3} 3 S dichloromethane 0.2 Y
AEH 5te] dichloromethane= & &< =% 3 & HPLCZ 2A3}¢ v} Oxolinic acid®] =F& A7+ 102
mino| oM, A& 262 Mtk EEAFAL 1~40 ngol| Al AAASE)7F 0992 AAE HGo
o, 2 A3] 92 L y=378.99x+135.080| 1t} =EY F 2] A]E o) oxolinic acidZ 02 mgkgd} 1.0 mgkg +F
o2 FFEFES et F5&S S A EY 19 B IFEES 44 9094452% (@0=3)%
95.0+023% (m=3)3)ow, Ztz}e] Wo|AlgE= 497%9 024%5ith EY 20AME 922+115% (@=3)9}
93.1+031% (n=3)= Z}Z}te] WHolAs T+ 1.25%% 033%0|Uth AZFAE F E9F F3] 005 ppm(50 ppb)o]
2t} (20054 99 69 A4, 20059 129 209 4g)
Key words : s dAARvtE T4, =EY, £, Add A&7,
M 2 7} sodium tetrahydroborate 9} 37 83| LA =
AE BAsHE RS o] &g GOMS o A
Oxolinic acid¥® nalidixic acid?] &% |(Fierens =, 3 Ba¥o] 9louKTakatsuki, 1992) de] o] &~
2000)2 wte)g]ole] DNA-gyraseE 3l 5tod(Yorke s} T ORSR dth AEs A, gREENe
Froc, 2000) A28 €& JAl, o3& 23| 3tHChen HPLCHo] nvlste] W& HEREE YehH, 24F
5, 1996). violl ¢lo}X Pseudomonas$} Erwinia species AMEEs BlEo)F o dh8stE AoR dEA 3]
g Z3sle] aggAdgelolel ety A g7E 94 tHlee 5, 1993). £3] JAEZ vAE AAHE
19893 <X Sumitomo ChemicalA}ollA] ‘Stamer’ @ A ol &3ty #HFHFE A= A= HAAHY A+
Egor v EAAYAZ s I (Tomlin, 1994), a7be] BAANE g7 34 ¥ 9ed HdAbn
Y ME Pelg AFAzN YEColgh= Auz Bog olFolA o] FHY FAEH| FAl
W& 229 13 dbd ATy, gy E7)<EnE 5 AEE ¢ gloH, ofd FH FAEZH] AHHU
o WAl AFRE T glow, AFolPA = JFFA o] A @ F 3 AE T AdFer 24T o
ATHEFZAYE F], 2003). F 2 oo A Faoj & E gAau A Sol Algdde] A4S A AY o
£ AR dg AbgLee &, 1993)9 1 glow, A} 2 Ade dAA o) v[5oAor ¥l o
23 7}ZAE A}E(Cohen =, 1999, Touraki =, g F AdE & So] UrHSong &, 1994). CERS
200053 S Wul ol A2o] WawAL AR o3 AgE GG AE T FFREA HEHo
AR AMLE 3 9 quinoloneAde] e s A4S $31(Huang 5, 1997; Oka 5, 2000) thi-+o] &A%
zolt}. go] A4 ZAHEL o] & FFAETI A&7
Oxolinic acidE A 3l7] 3 WrHo g PR of 9|3 HPLCHol| 9J&) o]FojA 1 gith
(fluorometry) s (Mznnist, 1976), A§E-3+4] A AH(bioassay) Oxolinic acid®] AAZe AEE F5, B4 ¥ ¢
Heong 5, 1992; RAALEE, 1994; Kim 5, 1998), ofzwgt TAZXNE o] &, Hotxretor wHsts}
CE(capillary electrophoresis)8(SaadS, 2002), HPLC of BAsE WHEEAETAES, 2000, 5 F
(Diazcruz S, 2003)0] R31Eo] 9lom, oxolinic acid Zutg HPLCY| F]lske Wy & F dQAZu)s}
o] Fl8bA} solid phase extraction(SPE)o] 3k A A

* g 2
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Table 1. Physico-chemical properties of the soils used in this study

oM. CEC

Soil particle distribution (%)

lassificati : Texture”
Classification  pH’ %) (me/100g) Sand silt Clay ex
Soil 1 5.6 1.8 20.4 84.5 6.1 94 clay
Soil 2 5.8 1.1 15.2 373 259 36.8 clay loam
9S0il : Hi0 = 1: 5 (w/w)
PUSDA Classification
Table 2. Exchangeable cations and inorganic material of two soils used in this study
Classi- Ex. cations (cmol/kg) Inorganic material (mg/kg)
fication Ca Mg Fe Cu Zn Mn Ni Co
Sail 1 0.49 0.82 310 52 6.3 782 <0.5 0.8
Sail 2 0.53 0.71 327 4.2 1.3 92.6 <0.5 1.0
F #Yshe P8 Fol dovi(owsomm 5, 1997, (£% 9% FASGL F A9 R osey 5

Sorensen®} Hansen, 2001), HPLCo9]

V‘:_‘_}ﬁ‘ B]—tﬂ,‘?_

oA EF F
E¢H fAHg marine
sediments®] #4049 =F(Hansen F,
1993; Pouliquen, 1994; Sorensen¥} Hansen, 2001)%}
Sumitomo Chemicalr}2] RE £ oxolinic acide] 3
BAZ7)E o]€3F HPLC'H(Sumitomo Co., 1990) 50|
A=} glovt =EY F oxolinic acide] 24247
%7]% o]%s]. HPLC“*Q- A= /J;G oz 7};@ L-l;_q
AR I 9l HPLC-UVHEZ]E o] &3 4o
g Ao Agdch =% HZ 8 AT ¥e
g HAE HE‘} SAAYAZ AEEA T, o
T4 e 87t a3 Q)

Toll(EE J%’é FHEAHE, 2003), FxE F
A EFA R kA Hrt

o A v‘i“ ol Ha st

£ dFolA= Sumitomo ChemicalA}e] & oF3hF3
A ZA3}H 314 (Sumitomo Co., 1991), BRI AHILL
19959} W 8]7 Touraki 5(2001)9) AF
=& 83, = E F oxolinic acid®] HPLC-UV
;q_o;q

oxolinic acid €]

FNES

2 49 A8E Ede 9% 24ol e 2
B N AEE AFUST AFERY B (EF
DI AR TN ANR A3 wlERe B%

242 Table 1] YepRon, 7715 FFL Table 2
of Jebd uief ok EGAEE A7 5 am HA
coreg ©o]g, 77 107} AH ojFelA Foz AlY
T Aube] A4 ES} ¥= 10 cm HolE EYH B
S TAO Fedel AT F 2 mm HAE FIHA
< =2, 272 2 AEA e 55 AAY OF
AR EFFEE, 1 F FFE AsY BHAER

stk

]
A
A

EEFT 2 AY

Oxolinic acid ¥&F(99.6%, £E)& F23|A} 9
ol ZojA] FEobdtol ALE3Y Tl Methanol,
dichloromethane-2 HPLCH(Mallinkcrodt, USA)E A}&
slgon, Az Ao KH,PO4(Shinyo, Japan)E A&
3t sodium hydroxide (Oriental Chem., Korea),
sodium sulfate anhydrous(Shinyo, Japan), potassium
hydroxide(Junsei, Japan) % hydrochloric acid(Duksan,
18 SA%e AgadT. 2L 24 3
F ¥ gAY AquaMax™UlmE FHAA ol
23N 2ETE o] &St AFR AR Hyflo

Super Cel(Fluka, Switzerland)g A}-£3}%3

water,

Korea) = "_r_‘

7171 £ A

Oxolinic acid &A1)

o]€¥d HPLCE
Seperation ProductsAHUSA) #|& 2.2 Spectra UV 1000
UV-Vis detector, Spectra P2000 dual piston pump,
Rheodyne 7125 valve injector(20 pL loop)Z 43 = ¢
o1, integrator= DS520B computing integrator

(Younglin, Korea)& AH&-aiith. £44 2L guard

Thermo
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coumn (4 x 30 mm ID, particle size 5 pm,
Phenomenex, USA)o] A2H 150 mm length x 4.6
particle size 5 um Luna CI82)Zg
(00F-4252-E0, Phenomenex, USA)S A}g3tgich £u)
= Nylon 66 membrane filter(47 mm, 0.45 micron,
Altech)E ApE-3te] vl o33FX|(1 L, Altech, USA)
2 93 F AEssien, FYAEE Nylon 66
membrane filter(13 mm, 0.45 micron)2 20 mL syringe
type ©] 37X (stainless steel syringe holder, Waters)E
ol g3t sl LAY DSK-511(Dacl,
Korea)oj@l o, 3|4 2T Zwax = Buchi R-114%
(Switzerland) & A}4-3191 0}

mm ID,

FEHFA

Oxolinic acid AFEHL EFF(99.6%, a=%) 10.04
mgS- 025 M-NaOH : MeOH(1 : 9, v/v) 100 mLo] &
AA 01 mgmLl FTE FA F 3~4T9 dark
flasko] B#3tFHomn, B AHFzAqA 37149 E<k
QtA shodtt. Working solution2- 0.05, 0.1, 0.2, 04, 1.0,
20 pg/mL7} ¥ =% 025 M-NaOH : MeOH(1 : 9,
vVE A5t B4 Fd AR eH, 20 Ly <
HPLCS] #ste] uehd =mob=-19iae] peak
height & 7|02 H3Fd& 24stArth

LujFE7 )
=E¢ A8 F oxolinic acidE F&37) ek F
A AE 20 g2 250 mL AztZeEtaAd] HE $ 4

gk 5
MXOH : MeOH(1 : 3, v/v) 30 mLS 7}3}e] 40T~
FAEHE F2A97] oM 1087 JgA o
Hyflo Super Celo] 1 cm FAZ Z#A Bichner Zu
7] Aol A FAAFHsAT FAAH} F celite A2
EFWAE 22U B Fol 2ol yAEAsa
o & T 9 & 2 A7 #AS 33 ¥HE S35
o ot AA oyAls 1 L FHAFof &713L 5%
NaCl 200 mL9} 4 M-HCI 200 mLg & 748
dichloromethane 150 ml.& 7]—6}&1 5% Hgg &
dichloromethane=¢ %3, T3 hEFo] AR
Zu718  FHAA a?ﬂ?ﬁq- T3l oA
dichloromethane 150 mLZ 7}ate] 587+ 28, 2|3}
3 o) FEIGEFC] A7 A2 FHAA
g5t A 2o] 2] dichloromethane 150 mL-S
7bete] ol V& AE, ) 2 g5 23S OE
47 FEIAE FAFSAAE AHES F
20

19, viv) 20

15 0|88 =E4 T
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mLo| £3}3le] Nylon 66 membrane filter (13 mm,
045 micron) & o33 & BMANFZ e, 1 F
20 uLE HPLC-UVDY| F3Fsith

7171 EA =
oA 20 mM phosphate buffer, pH 2.1
MeOH(5S : 45, v/v)E Advantec HPLC solvent &}
#](0.45 micron membrane filte) 2 o] #8}a] AFE3}A
LB oA st T8 ul8 2(isocratic)
z701gen, HAEnae 262 nm, flow rate 0.5
mL/minZ 2 EXZ7AA oxolinic acide] #FEA7t

2 102 min®] 2t} Guard column$ 100-1503] A

_\1

o wAtHer, B4 A 2hr o] 50 : 50(methanol :
water, v/v)Z column conditioningg AA|S}3L A A|
olgAor EMsgon ¥4 F 2470 Ft
reconditioning 5} 4
s

FAE =EYAE 20 gol Z7 02 mgkg 10
mg/kge] F%7} H%2 oxolinic acid FEFEF(99.6%)<]
4 ppm¥} 20 ppm FFENE Frlete] 2t 1 mLY
A7 5, ddEA EFsn 1AREEe BAE
9 EMARAS AH 35g ANFS P

HrpaEFe B 779 2HxAAM g2F5F9
peak height7} signal to noise®] 3¥i(S/N=3) o wj= 3}
T, AZAE Ao dste] AA 2GS A

3RS W oxolinic acide] HFEAZH 1 FE7}
W ddd

EF23A

A A4 g8 9 ANE T EEde
2 oxolinic acid EFF2 025 M-NaOH : MeOH(1 :
9, vivyol &8IAA F=EZ 343te] HPLCO F
% dold azvtEIYRY| peak height: EFHIFH

BN

F{N o
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tot,
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378.99x+135.080]Q k. I AZIEM AL 93 =
= (005 pgmL~2 ugml)) A A% } 0.999”
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off v w
N

2 AA4E Bl peak heightsl TE FE0 %
< AAEAE JedTh EYAIRE 24 A dojA
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Fig. 1. Standard calibration curve of oxolinic acid.

i3 2
Lk A]z‘;lg Xﬁ%ﬂ HAoAH EF F oxolinic acid
= B Holg Foln FEEES Eo)
3 FAHE 2787 WA AAEA
. FAEAe 4 S 4718002
Fote} FEI}EE FH(Soren, 2003)H 3 ),
dlZ MeOH-12 M HCL, &, ofdll, FH(BRERE
HitgesE, 1995), Mcllvaine buffer(pH 3.6)-MeOH; fish
silage(Samuelsen, 1994), 0.013 M methanolic oxalic acid
§, pH 1.4; shell(Pouliquen, 1997), 0.1 M phosphate
buffer, pH 3; fish feed(Touraki %, 2001), 0.1%
metaphosphoric fish tissue(Horie %,
1987), 0.2% metaphosphoric acid in water/acetonitrile,
pH 2.6; fish feeds(Pecorelli 5, 2003) S t}slA B
a5 Qlr) 3 fish feeds 9} fish tissued] o3t
10 mM phosphate buffer, pH 7(Saad %, 2002)9] Z4
FE8 BuHol glow, BN xAd oz
dichloromethane; 2] 5(3 AA}L3] 3, 1994), ethyl acetate;
fish tissue (Lee 5, 1993), acetonitrile; chicken
plasma(Hamamoto 5, 1986) ¢l #7140 E£3 Alg
H3 Jvh. a2y EY E+ marine sedimentsol] A=
&892 01 M~02 M NaOH 59} arzha] gallo]

acid-methanol;

o

1993; Pouliquen, 1994;
AEEEEEE R P
o mz 4 M-KOH

ow, 30 mL ¥ 43] ut
7HE = tHData A

AHEE 5L glo](Hansen
Sorensen®} Hansen, 2001)
Sumitomo Co.(1991)¢] =t
MeOH(l D3, VWE F£3
5 FEsde W 7% =
NSl 89, ol 9
Pouliquen(1994)2] A1H 1S} E A X st Aot

Oxolinic acid® F4 F&AolA B} o] 24
HZ &84 =W pK'asl 6.720|1L quinoloned] &
AERAE9] 27} 9ol23}2] complex formation constant
(log K97} 1.14.6 Qo] E¥(Pak 5, 20000302
ARy} A] Sumitomo Co.(1991)e] Wr#o] Zajed 4
Zo] 4 MHCI 20 mle 7kte] A4 & oS
oxolinic acidZ dichloromethaneZ ¢ & 833 0mH,
dichloromethane % 31470 W& 3482 Table 39
LhER vkl 2o] 150 mLZ 33] ojARu) 31gS o
P =g degs eI a2y dichloro-
methane 150 mL 4 33] A& & 150 mL A 33] F

FHGS Wl A5EE 33 AL AR GRS

% rf

{

o 39
o

i
[}

5%
ﬂHNI
>
i
i
1:01[
to
£,
klg’
)
rir

del Walo] e B8 nglow, A4S AN
A9 ANAA g A9 AmmEIPelE 2
o1z} GIie.

Table 3. Recovery of oxolinic acid by partitioning times
with dichloromethane

Classifi- Spiked Recovery by partition times (%)
cation  (ppm) once twice third
Soil 1 10  632#35 904232 933430
Soil 2 10 )3+41 897434 92.6:22

B 20 goll AEdA 4n)9} 204

¢l 02 ppm¥ 1.0 ppm¢] FE7} HXE oxolinic acid
FE8AE 774 Hrlstn & - AAAHEE 33 &
5 Fdstd dolx ﬂiﬂ}i ——% A5t g5&
I HEAE T BEAWAEY Ha AEE
AZSAE= 27 10 ngJJr 0.05 mg/kg olglom, o1
ZA3ZE Table 40] Yehon, =E%U Z oxolinic
acid®] FAHZANE &4 AZWEIATL FEAE

AZulE 3RS Fig. 29 etk ¥ A9 = E
Fol e FF 352 02 mgked 1.0 mgkg 2
Al B9 104 Z}ZF 90.9:4.52% (n=3)} 95.0£0.23%
m=3)5o9, Zrzte] WolAF= 497%% 024%th.
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Table 4. Recovery of oxolinic acid
Classification Spiked Recovery (%) (Iig::]i:tﬁgrfl gg]t{cl::rtnalglg
(ppm) Rep. I  Rep.2  Rep. 3 MeantSD CV? (bpm) amount(ng)
Soil 1 02 945 923 85.8 90.9+4.52 497
1.0 95.1 94.7 95.1 95.0+0.23 0.24 005" 10
Soil 2 02 91.3 935 91.8 922+1.15 1.25
1.0 934 928 93.0 93.1+0.31 033
Z SD/Mean of recoveryx100
1ngx 22%735 x 23—9:0.05ppm
E¢ 2045 922+1.15% (n=3)9} 93.1:031% (n= 3) Ing | 2ng | 4ng | 8ng | 20ng | 40ng
3, Ztzo] WolAlF7t 1.25%% 033% = ;<q7]_
EQ 2 Aol glof kAL 2 IS ‘JrE}
gz ol Sumitomo Codss0IA +4E 33 3 §
£718 o83 HPLCEA R A 9] 34§ 78~88%) z
Hlastol 3 ggoln, Yang 5(1995)0] 33 3
v Beg<l 89.3%~93.8%%) HlGd Aol =
oh AERAA oxolinic acide] EEAZAA Y
=72 peak7t A7IE SAAR AFeleE Aol ¢l g
ATk Pouliguen 5(1994)2 marine sediments = 8 N
oxolinic acid®] 3|4& AP A 67.8~689% H 9 ~ g :
w2 I4ES HYEd, 2 Y99S Mgb, Fe”, Cu™ o 5 § : é
59 27} <¥o]&o] oxolinic acid®} ZHE-(complexes)S g z . g 2 )
g3t FEol ol F(pouliquen T, 1992) A= A 2 l..__/i_L__L M ‘L_k N
o2 Ausa gou, B AN %ol 54 Sl i AN PR (R
£5 ¥ Row ¥ o B ARRAAA 27F Fole S| |-  |& s [* |
o e A7 @& Aoz Bk EF Sorensen S
SQ0NS) A3t Rol 47T £ Hegd 2 @ | AR | Ab | Ac | Ba | Bb | Be
Fe mAx & oz AlgHW, tink {78
ol theg F EdelAM azrtEaRe §7E g 3
ol B2 EG 194 o B2 EEE pak’t 58 = i
=y § 2
7NNeHzA ? *
Qunolone) A= HPLCO] olsh ¥41x] ofab2 p ]
Y ol54e pHol Wek FAE 0 2l G B BiTh .
Sw(Barosa 5), Wi pH 3 ©]ste] W& pH oA
BHE FAsgrh & 290 Aol o4 pH : & [ 5 B P
b uske W peakel & 2S¢ 4 AR, 7 S N A N A
Er 3 sEA AES AN HESRE Retention time (min)
A2 R o154 24 T 25 m (Tourakd Fig. 2. HPLC chromatograms of oxolinic acid
> 2001), 260 nm(Hamamoto, 1986), 262 nm(Pouliquen standard(upper), control and spiked soil sample(lower).
5> 1994) 280 nm(Horie 5, 1987), 340 nm(Loussouarn A: soil 1, B: soil 2; a: control, b: recovery 0.2 ppm, c:
S, 1997) 59 FFoM EAsgorn, 2 2427 recovery 1.0 ppm.
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ol A]= 20 mM phosphate buffer, pH 2.1 : MeOH(55 :
45, viv) TFHEO ALEA] 262 nmoll N Ad) FRFEE
Bo B st A EAsth 3k YA NaOH :
MeOH(1 : 9, v/v) £&8&1 & NaOH %o w&
oxolinic acid®] Z}=+ NaOH %7} =718k wat
7+~ 01, 025 M-NaOH : MeOH(l : 9, vjv) &%
e FYAVS W HH peak heightE LFERAA
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Determination of Oxolinic Acid in Paddy Seil by HPLC Coupled with UV Detector
Seog-Cho Lo, Sang-Yong Ma', Seong-Soo Han*(College of Life Science and Natural Resources, Wonkwang
University, Iksan 570-749, Korea, 'Division of Life Resource Science, Woosuk University, Wanju 565-701, Korea)

Abstract : This study was performed to examine analytical method of a quinolone compound, oxolinic acid in
paddy soil by HPLC coupled with UV detector. Two types of soil texture in different regions were used for this
experiment. Oxolinic acid was extracted by a 4 M-KOH : MeOH(1 : 3, v/v) mixtures and acidified followed by
liquid-liquid partitioning in dichloromethane. Dichlormethane layer was dehydrated, evaporated and analyzed by
HPLC (262 nm). Retention time was 10.2 min. The standard calibration curve of oxolinic acid showed linearity
(*>0.999", y=378.99x+135.08) in the range of 1~40 ng. The mean recoveries, evaluated from fortified soil
samples at two concenfration levels of 02 mgkg and 10 mgkg, were 90.9+4.52%(C.V. 4.97%) and
95.0+0.23%(C.V. 0.24%) for soil 1 and 92.2+1.15%(C.V. 1.25%) and 93.120.31% (C.V. 0.33%) for soil 2,
respectively. The detection limits of two types of soils were same as 0.05 ppm. Overall, the present analytical
method of oxolinic acid by HPLC coupled with UV detector seems to be used reasonably.

Key words : oxolinic acid, HPLC, UV detector, residue, paddy soil
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