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Abstract : Tetracycline antibiotics have been widely used not only therapeutics but feed
additives. There are many methods for the isolation and determination of tetracycline
antibiotics in animal muscle tissue. But those methods take much time and labor, so it is
difficult to analyse many samples simultaneously. A rapid isolation method and liquid
chromatographic determination of tetracycline antibiotics in animal muscle dssue (bovine,
porcine, chicken) is presented.

Blank control and tetracyclines fortified samples (0.5g) were blended with C,4 containing
0.05g each of oxalic acid and disodium ethylenediaminetetraacetate. After homogenize,
homogenate was transferred to glass column made from 10ml glass syringe and compressed
to 4~4.5ml volume. A column made from the C,3/meat matrix was washed with hexane
(8ml) and dichloromethane (8ml, if needed), following which the tetracyclines were eluted
with methanol or 0.01M methanolic oxalic acid (8ml). The cluates containing tetracyclines
analytes were free from interfering compounds when analysed by HPLC with UV detection
(photodiode array at 360nm). Standard curve for each tetracycline showed a linear response
at the range of 0.05~1.0pg/ml and tetracycline antibiotics were eluted within 4ml of eluted
volume. All tetracycline antibiotics except tetracycline were stable during the concentration

process at 40 and time required for concentration was 3~4 hours.

Address reprint request to Dr. Hwan-goo Kang, National Veterinary Research Institute, Rural Development Administration,
Anyang 430-016, Republic of Korea.
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Fortified samples containing oxalic aicd and EDTA represented more good recoveries

than those of not-contained sample. Recoveries were 91.8~110.1% (oxytetracycline; OTC),
57.7~79.5% (tetracycline; TC), 78.1~88.6% (chlortetracyclines; CTC) and 88.4~100.6%
(doxycycline; DC) in pork dssue, 101.1~126.8% (OTC), 66.4~75.4% (TC), 79.2~88.1%
(CTC) and 69.3~86.7% (DC) in beef tissue, and 90.8~95.6% (OTC), 66.2~84.4% (TC), 75.
7~77.2% (CTC) and 55.6~80.7% (DC) in chicken muscle tissue. The detection limits
validated in muscle tissue by this method were 0.05pg,/g for OTC and TC, and 0.1pg/g for

CTC and DC.

Key words : MSPD, tetracyclines, HPLC, muscle.
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HEZA|ZRAE FAERE 2RI T, 28Y
A % rlolaEgante] o] FFEA} $5E F
AR A 7HEA e FUAT 2EF, 237 A9, ohy
Zetaot AdF R Bl ZEF T ARAZA
Eatoluzt 4% A¥E sty AFREEE ROV 9
T ARATAZA Wl $ Fo] AGHE FAAD, o
A o] B} 04 F F8o7 AP A% % $/F
AF7bsdol v 2o @ 5 Qioh. oj2j @ FEAFE
A TFEATAQ A AgolA AHYFE F
At Al E yAE FEAA Bttt 4450
AFRAE FAFE AZA LEATFE A5 FAH S
2 Be &4L AL £ U

ojg|§ IFEA W& viZ FDA, EU 2 FAXERF
A 913 (CODEX)ol A & oln] A &3 A RFHE7&E
(MRL; maximum residue level}2 A3t FAlstL §)
o, YA E A&FqA SAHEHA )2
(OTC)st 22 2HE#AL)|Z2H(CTC)E A 17j9} 4
271914 0.1ppm, Ha7|olME 1.0ppmeZ 181 H)
Ego| ZU(TC)E A7, 417] 4 §a7]dA =
F 0.25 ppm o 2 HAFHEFAS HA3d FAzn
ATHEAALR] B 32A] 1994-29, '95).

Ao} $45004 HEAAITAALS AR
£ A sHe W e2E STOP (swab test on premises),
CAST (calf antibiotic and sulfa test), FAST (fast an-
tibiotic screen test), BBRT (brilliant black reduction test)
T AR o] TR Y, HF AR E T}
Y, AP FALALE ol &3te Cham 11 A8, &

A w9 HPLCE o] 8¢ 717184 Fof 9l
W o423t AapgHolu e aentE agyy'e
Solido] v ¥ ofle} AEATE v} A2
A s Ak B84 444 EY (Charm 11)2
AEAEE Fou ool o uFojulgo] &4
g dde 2l it HIZeE Y FAA o)
T AFEHE A%t Fol4ol & u&dAazrE
sy staagetEagdd g ol &% 7| RS
Fol Xag vk glow o W EL AEE B4 s}
E ooz AR g™ SPE(solid phase extraction)
8 g&ga g Eaetde]4 &Y (metal affinity
chromatography extraction)'*'® 58 A}8-3H=d| fRy
of #7187} %ol 28 EAY AAz Azte) 0.8 A

< @Ho] gltt. 3 MSPD (matrix solid phase disp-
ersion 008 g9t DAL A BolA 23 -
BAGE B or AAeA 2 2Fo] Tadin, §714
w7t A 32 AA Aze] Fohe FA o) Ytk

£ Y|4 Baker et al'’o] A|A| g MSPD¥HE S o]
&3t A 5F oA 4% 9] HEA | ZAE HAjE A 7}
A TEn 42808 AFsgx HPLCE o) &
§ AFEAYE G370 BRauste vojrt.

m o -

ME X W

EFEE Y AN : Tetracycline (TC) HCl, chloretracycline
(CTC) HCl 2 oxytetracycline (OTC)= Flukaxfo]d 7
A3t AHEEIY T doxycycline (DC) HCIE SigmaAle)
HEE 7FYs AHE3I9T. n-Hexane, methanol, ethy-
lacetate, acetonitrile 2 dichoromethane $¢} 7] &)=
HPLCHE & 183 disodium EDTA % oxalic acid §&
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=T A gEE AHEaT

YYETIA 9 A3 : Bulk Cjq (J. T Baker, USAYS 7
%3}od 4u)9] hexane, dichloromethane 28] 3 methanol 3=
22 Ao EEEE AAT F AFE o4 SRS
SAE A A AR

BEEUY =M Y EEIM XY .

&8 EEHBY : OTC, TC, CIC 2 DCE #z%
10mg(basey® 7 &3] 2o} methanolZ 100pg/mio} H &
2 DEF 2302 o] 200 RASEA A58
o,
B8 BEEY : £ 2T UL9S 47 1mlY
O|FHLE 10pg/ml HEE TEo] YFRAFHA 7Y
2t AR

EZQMo Y : EF REEAE AME o]F e
50, 100, 200, 500 ¥ 1000ng/ml §4 02 w53 504
# HPLCH Y& thd = tid axu =4 7z
4% HEHA| 2h U EEZAHE A4S

EA4EA : HPLCE photodiode array 7% 7]7} A3
SpectraphysisAl  system2 Alg3lgon HAHL p-bon-
dapak Cy5 (300 x 3.9mm ID, Waters, USA)E 123 3
L 50p2 ). o} 548 vl 0.01M oxalic acid :
acetonitrile : methanol& 7 : 2 : 1 (v/v/v)Y B &2 EF
81 0.45pm 73] Al gl on] A 2o R
360nm, §%-& 1.0ml/min 7181 ZR7EE 0.005~0.
01 AUFSZ 3}ic}.

28019 MY Y SE2T0M HHA : Methanol,
acetonitrile : ethylacetate (3:1, v/v) @ 0.01M methanol-
ic oxalic acid Z}z} 8mle] 10pg/mle] & FZLAL
100p14 H7HA R T, 40T 2 60T AZALH A
FAANN 52 F )54 Iml2 Fef HPLC
of F9l3td g T

EDTA 9 oxalic acide| H717} sl$=g0f o|x|&= ¥
: 0.05g2) EDTAS} oxalic acid& #7}A)7) ESA )89 A
AetA G AR HEZHAIZY EF FFLEAL
lpg/g7t FA AN F AEF HEZHA | ZY 3%
ol we} methanol : acetonitrile (1:1, v/v), acetonitrile
. ethylacetate (3:1, v/v) @ 0.01M methanolic oxalic
acidg clutiongmj2 F& F 7zt Lojo tjd 3}5&
& T

E&30lo| g HEZMt0|Z2I9 38 : 459 H
EtAlol2do] ZREA & A A2 27 0.5gd

10pg/mle] &3 FEFAE 10008 H71 & AEF
EZtAto)Ed 943 o] HZF methanol, a-
cetonitrile : ethylacetate (3:1, v/v) @ 0.01M methanolic
oxalic acid Zt7} 8mlZ £&A17) 2 W F 443 A5 534
X F51ZE F 0|54 Iml2 %o HPLC ¢
3o 3F&& T3

Methanol % 0.01M methanolic oxalic acidel EIE
SHAtO|EEl 8% U4 : 439 HE=A[o)Z o] AF3A
22 g A2 24 059 10pg/mle} B3 EF 8L
100p¥d A7} ¥ methanol 9 0.01M methanolic oxalic
acid Iml2 §EA7|HA 0.5mlY £3g wol FEAFN
71 F o]§4 Iml2 5o HPLCY) 48 ¥ 22 Ho)
& A 7P O, AARH G i 2 BYuHe] @
TS 73R 3 wHEE .

AlZE HEZIAO|Z2IS =& HH : 4&F dEz
Aol 299 3% - ZAMY S Baker et a9 WYL &
Eaer A48 4 8E 40 YL oo MY
a3t

%, EDTAY} oxalic acidE z+Z} 0.05g 9o} fra]-§2
B OF, el 84347 Cp 28E 2g ¥ T4 %
2 o3t ¥FE 24L M Ao ¥¥HA
Al G Ao 0.5g8 We ¥ HEFA )Y EF EF
&4 AP b, 78S o83 FYF P2 satA
%3 9g 2uA 05-183F 743 AR Whar
mann No 1 AEF°]E A4 15mm ¥ A 2 10mle) &
27A7] Wl WA ¥3 FARN AR AL £
LA &0 F oA 2 9] 22 2719 AEF0E
EeFa 92EL olgdtd X7} 4-45mlo] HEE
FEA R FAE7] 2o 200l vhol A2 WY L FabA
7193 8mle] hexane© 8 ZFE3to|M RS A A3z
g i = (Supeleco, USA) § 4 AF & o] 43 'Folgl
© hexane& 93] AA} K A5 Hejo] Ut ¥
stel 3¢+ thA] dichloromethane 8mliz A A& 6}H.0
W o] % methanolo]t} 0.01M methanolic oxalic aicd9} 7
2 £289E 8ml Y3 FHE ol &8 FEAA NED
off go} 40T IFRAYPAFEZ NN FEAZANI 2
o]F% 05mlg @31 FARA F 58D 2&HAH7)
oA sonicationA]Zom #AYL HEZ FHd &7
12,000xg/10min ¥4&8] ¥ A2Hg 0.45mm A3
Yel2 o33t HPLCY F93t%t).

HOIE B4 : 8482 2 ¥u9 52EA Nany

- 543 -



of g A7 EY FIAHAHY HREEZA 3o 2
de FFLEFUAZ YT &9 HlEEs
Student's ¢-testZ o] -3 H .

42

BEERM Y qEH)|ZE EFEYS o]FEL
2 50-~1000ng/ml %7} 5 A 34% F HPLCY FY
st Fru HIAAHH|E o] &3 EEFHS T 2
% 25 F5 Y[R ) 0999)E e 2ithFig 1),

2.5010° 4

OTC (R=0.9997)
TC (R=0.9993)
CTC (R=0.9937)
DC (R=09979)

4dren

2 0x10°

1.5%10° 4

g
§

5.0x10* 4

T T T T T T A T T T
0.0 ot 0.2 03 04 05 06 07 08 a9 10
Concentration(ug/ml)

Fig 1. Standard curve of tetracycline antibiotics in the UV de-
tection at 360nm. HPLC condition; column, u-bonda Pak
C'®%3.9% 300mm, ID), mobile phase, 0.01M oxalic acid-
methanol-acetonitrile(7:2:1, v/v/v), Flow rate, 1.2ml/
min, injection volume, 50ul, solid line were expressed by re-
gression.

BlE2lAfo|Bale] 2To mE HA % 50l
MY e 28A FPEIL 60TAH 55T 9
A E RE gujolA DCE Ad 359 HEZ}o|E
d 2% e o] gysont, 40TIM F5IAE
e ZE gujiM TCE AYstue vus FA}RL
o, OTCE A% 02 g EH o] SHA FHELL 0.
01M methanolic oxalic acid$} methanolo] ¥]&% Z3&E
Uelygth DC o]9)¢] T & HEAo|EUA FHEF S
6] 2 $ujolA acetonitrile : ethylacetate (3:1, v/v)E.T}
o} 51510} (Table 1).

EDTAS® oxalic acide| &7ioll & 250l 0|l
A3 : 240 EDTAS} oxalic acidE 22+ 0.05g8 A7}
3%¢ ©E Table 204 B uieh Zo] 37k £580)

oA BF 50~101%¢] 3]5&S vebd ¥ A7jsha] @
L ESdM e AgE4vdHE CTC, BE&8vY 35
£ CTCs} DC} A8 AEHA ggon EE £&47)
A A 62% ol 9] ¥ FFE& YEiY

B EZtAlO|ERIe] 8424t . Methanol®} 0.01M me-
thanolic oxalic acidZ H|Edrle|E8A FFEAL £3
A §&Fo] 4ml o]Ho N fFEo] £&HY2n 0.
01M methanolic oxalic acid7} th4 w24 279 ged}
ApolEE g £EAA. ol e THIE &8
Wl E 8ml ALEA] ZE HEZGA|E™0] 250l SmiE
AP ¢& 8l Fo2 A Ath(Fig 2).

40 - Methanol

35 -o— OTC

B TC
A--CTC

-v—DC

T —8
00 5 10 1520 25 30 35 40 45 50 5% 60
Elution volume(ml)

Fig 2. Elution profile of tetracyclines cluted with methanol &
0.01M methanolic oxalic acid.
1. Ratio of peak area of each fraction to the total.

ElE2tAfo|Balel azntETY ¥ XIF ASSolM
48 9%, % 4 A HEGA|EH EFRE
448 0.508/g 2 1.0pg/g A7H3L A 8F HEZA|
29 F299 " 3234 § HPLC FY3e Fig 3ol
A BE AT go] OTCE o 488, TC: o 558,
CTCE 9.62 181 DCE 13.8%0 wanagis 7%
§ABNEIYSE AL F U ol B & HHoE 7
zte] 2 &o) thdte] e EHEZHA|ZHY IrES
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o 43% e yehgon TCY CTCY Z¢ 0.
01M methanolic oxalic acidel] A methanol ¥t} 3]5&9]
oA JEEtgt. Al42 methanol#} 0.01M methanolic
oxalic acid7} ¥)5:% 3)4-&& Jeh Q.2 TCE 60~66%
2 ygtoy g HEGA 2L 63~116%2 H2H
%2319 tH(Table 3).

7% 43, £%9 3% methanol? 0.0IM methanolic
oxalic acid ®F 62~105%9} %353 34+&2 Yehie
o, TCY 34¢L g HEHAo|ZdH vlas thi
@91 methanolo] £&4uj2A F5dgt 59 4
2= TCE methanold & &u]2 ALEA] 39~52%, 0.
01M methanolic oxalic acid& AMHEAlE 53~73%Z 35 &
o] thA wgtoul OTC, CTC 2 DCY Z$E 65~103%

oTC el 3
——aa— —_— <81 OTC
‘i 5% e S TC
e CcCTC s68 CTC
] .
==, DC [ m DC
C

.83
B YT £ ae L
. OTC e — . OTC
.56 TC TC

<,>’5.sv CcTC = 0 CTC

19.76 L
%a 8 DC B }/”13}76 Dnc D

Fig 3. (a) Chromatogram of four tetracyclines : 50ng of oxytertacyclime (OTC), tetracycline (TC), chlortetracyline (CTC) & dox-
yeyeline (DC). (B), (C), (D) Chromatograms of bovine, porcine & poultry muscle tissue spiked with four tetracyclines at 0.5pg/
g. HPLC condition : column, p-bonda Pak Cys (3.9 X 300mm, id), mobile phase, 0.01M oxalic acid + acetonitrile + methanol
(7:2:1,v/v/v) ; flow rate, 1.0ml/min ; detection at 360nm.

Table 1. Stability of tetracyclines in each elution solution during the concentration process at 40°C and 60T

Recovery rate” (%, Mean+SD, n=3)

Elution Temperature
solution (t) 0TC TC CTC DC
40 87.43+2.36" 50.27+3.68 83.44+7.15 96.05+5.19
Methanol —_
60 60.56+10.25 29.22+1.06 73.99+13.94 88.55+12.26
Acetonitrile: 40 75.53+7.53 16.88+6.79 68.47+4.69 91.76+11.26
ethylacetate=
3 1(v/v) 60 30.92+2.42 5.86=0.68 25.334+2.42 79.48+3.93
0.01M 40 93.11+148% 63.52+2.93 90.66+1.41 92.87+2.09
Methanolic -
oxalic acid 60 799+1.89 ND 45.80+2.16 92.44+5.82

Y : Peak area of each elution solution / Peak area of standard 1ppm X 100, ND : not detected
2 ; Significantly different from each other (p { 0.05)
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Table 2. Recovery rates of tetracyclines isolated from Na-EDTA /oxalic acid added and not added fortified pork tissue in different

elution solutions

Na-EDTA Elution Recovery rate"(%)
/oxalic solution
acid {8ml) OTC TC CTC DC
A 88.99 59.76 92.59 94.18
Added
(0.05g) B 66.69 50.23 100.62 97.37
C 86.63 65.76 99.94 91.65
A 27.23 14.81 ND 12.04
Not-added B 2155 11.98 ND ND
C 61.63 33.18 15.81 48.58
' Peak area ratio to the peak area of standard 1 ppm
* All samples were concentrated at 40C
A : acetonitrile : methanol = 1:1 (v/v, %), B : ethylacetate : acetonitrile = 1: 3 (v/v, %)
C : 0.01M methanolic oxalic acid
ND : not detected
Table 3. Recoveries of tetracyclines isolated from fotified pork, beef and chicken muscle tissue
RY) 5
Elution ' Fortificd Conc. Recoveries ’ (%, Mean+SD, n=3)
solution Tissue (0.5pg/8)
~HE/E OTC TC CTC DC
0.5 104.54+11.63  66.79+11.57 72.07£6.59 90.091+2.06
Pork
1.0 103.73+8.86 62.28+7.23 81.57+14.20 88.0746.01
0.0IM 0.5 102.64+4.78 53.14+2.34 8345+12.31 97.89+8.11
Methanolic Beef
oxalic acid 1.0 97.35+10.13 72.90+9.53 87.95+8.85 92.03£6.78
0.5 97.88+10.68 61.361+4.66 73.38+11.50 73.85-4.25
Chicken
1.0 100.881+4.82 60.81+12.82 71.05+1596  94.56+13.45
0.5 97.78+8.39 75.47+7.20 72.77+£4.97 81.02+1.86
Pork
1.0 93.59+7.54 78.4413.37 80.951+9.00 82.24+1.87
0.5 94.961+6.07 38.89+2.30 64.7716.36 74.83+5.80
Methanol Beef
1.0 92.55+2.16 51.52+10.18 67.51+198 81.10+9.05
0.5 115.51+2.61 65.80+9.41 . 63.08+892 82.21+4.26
Chicken -
1.0 104.31+7.35 63.78+5.77 70.60+2.77 87.71+3.40

1) : Peak area ratio to the peak area of standard
* All samples were concentrated at 40T
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HESA|EUA FAEAL 7150 YA 2FEA
goju mlolzFetant ZEF 9 A5 7t59 AL
7] A% ABATHZA I 7HE Bol AHEEE
gAA o). A&7 HEA | ZHA FPEL S BAF
v WYoEs AFH o2 nAYEEH wWyo] da &9
ot A 9 Ao FAHo] At 1980 a0 FHHE-

¥ HPLCY GC/MSE ol &8 A% o gz
Hus 3 guttE g M E o 4E e
W H3HE79 A HHE7E o83 HPLCEAH
o] FPAAHCR FHojl o} HPLCEY Y& A8 A A
2lA] Azto] Q.2 ZY Bl 3FET APA o] W
t}. o) HEGA | Z] Y F2 AR i w4
ol wou YFHE7|E olSAE HELET} £ ¥7]

Bog A Y™ B A ¥ A& p-bondaPak Cyg
(3.9%300mm, 10pm)A A} 22 AZ7) 360nmE ol
£3}a] 0.01M oxalic acid : methanol ; acetonitrile (7:2:
Lv/v/vE olg4o2 BA% A3} 439 HEA0|E
& 25 50~1,000ng/mlsEoj A AAAL e o0
52 9 ImlE 398 4 439 gEAlo]Ed o
A7 2% 155-0]ulo] e} Oka et al'®e) B us} U
gtk 2@ F ol SRFA HERA|ZHA FHE
AL FE4A e o) g Se] Bug v lod olE
Z 713 WA A3 e JAFEY o2 Agasoster
et A’ 24 2 $RFoA SAHEZA)ZFUS 47
2 3% ¥ FAs fRAsA §FhE72 428
& 98 Carginan et al®2 meta-phosphoric acid & o] &
8o} 23 WL 21891 Kondo et al' e 5%
HEHAIo| 24 FAEEE dF5:2T F AR 3E
7] 254nmol A A& g Husigo 28y ofd
WL ZZA7ke] Bo] 2Y Bty {71 EWi7t B
o] 2459, CTC7} f7)&vlo] & %7 @7 W&ol 3
Fgo] W¢ dote A0 AT oY BAPE T
B37) 938 H2oe 248 FEYAE ol&doq Al
28 AA e PEE0] Bol RuHAPE" T g
£o] CtERAE AL83H, #2892 EDTA-Mcll-
vaine bufferg AME3HA 3]4&o] ¥& o2 U4A 3l
t}. £ 8 Farington et al'*'*7} Carson et all’e E|E g}
o]F¢o] F&o|2EH v F AYATE HEAE olf

a

&te] metal chelate affinity chromatography 2 4] §o]u} £
% HEA )| 2AE HAFLEA 35S wolE
e RRsgn. a2y ojgdte] FIEAE AR H
AN gL FtE A7} Az ALt} Zol7} 9lof A
#Ao] wtom AR FHEAE ASA TS i
w2k Aol apo)7h e Aoz deid doh.

Hoe Agd 184S AF Zobq FHA—A
packing®}il A& AAY & F2grjs FE3H= MSPD
(matrix solid phase dispersion)dge] HuH 1 =4, Long
et ol'81971A228-00 o oz x 729] benzimidazoles}
chlorsulfan, o] §ZF oA A EtAle]ZdT} Hajirv
£, &3 AFdA 7192 A%% 281 A9 3
ZoA 5%9] benzimidazoleZ MSPD¥H o2 FZA )
e e B udtg oo, Baker et al'e -3¢ FA
A, &% L FHYTA 5& MSPDAA % F HPLCR
Male wie B89 T Schenck er al® e A Sl A
nicarbazine 18] A9 7Ho|A ivermecting MSPDY o,
2 AR Jaboe et e o] $F )4 oxolonic
acidE MSPDY & o] &3t AXesie Wye Bug
B} glc}. o]2i gt W& 0.5g9 A5 2089 Cppl £
gto] Kol A TAZA 7= ojwf Az} Cpte WHE
WAL o 1,000m’| HFHe ofrjo] EFAY 7]AH
A P 27480l FHA MBS Cpol v FHoHA
Hhg-3ke Aol W34 EFL HFAEA Gl A
Hy ol 549 BAL Cpd 2o =EHA
grhe g ol 4% AlRdA ] Woth o2 g YL
A Lujsl $240E G MEY A9 NEHA
g o] vj 2hdH B5go| mg ol AR
AAE Agte] Fof T NEFAA AFEAL A
A HAE F le o g dhgelch

HEZA| FHA FAEDLE 2xd PRE oz
QA o FEHNAY P AuR A3,
60TAA F3EA= DCE A ¥ & HEH o] FUL
37t F& 4ol A 43sl dAHA oL TN F5
Al&= methanol®} 0.01M methanolic oxalic acidE €% &
W2 444 HEFAZU(TCR Aeat BF o
AHAL 55 2900 344203t JeH o2 o
EAo)2dAEY FAEA LS trto) oy BiFn
AYe}7] gio] dAFEo] ofelsn Hego] ¥ A
o2 43A Yok, Baker et al®s} Long et al'®& 742 ¢
#9 oo A HEAI|ZEA FAAY OTCE AA

L
i
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2] A EDTA% oxalic acid& H713HR& o 85&0] 2ot
Aga Red & AYdAE A28 A7) A
of Z}2} 0.05g8 Algol H7HA = HAE 3o de] 35
£9] F718 ettt MSPDH o2 A A e A
A gujo} 82 4vle] Mol AY F2317] HE2 MF
Bujst &&8ufo] Mutaty] A APE A, AH Lo
o B¢ E53 AZAME tFE hexane 8mlZ A HA]
Tzt glo] ARE 2tEIPE Yepdo} &
%9 A9 F2 FE2AAA 31E H2rt =& 4]
Yehgth 0j4& hexane© 2 AlHF o)A dichloromethane
8mlg A Z 438 garddc £ £&28ve
methanol (1:1, v/v)'®, ethylacetate : a-
cetonitrile (1:3, v/v), methanol”® @ 0.01M methanolic
oxalic acid®g A}&3td M| @&YEd methanold 0.
01M methanolic oxalic acidZ AFEAY 3480 43
A e} ol 2§ 42 -8vjE Mulderss} Lagemaat®s}
Oka et al*¢] 27 methanol®} 0.01M methanolic oxalic
acidg ALY AL 435 o2 A g uig
o2 3o g &899 & 2A%] A8 27
HEZAo| 24 FAEZY 2714 oAy §2%
A Z2AMG A3 B £E5HE Fo] dml(§E 809 #
o2 6ml B sF)olHel] )& §25o §£&5 80
G 8mlE AR FHI A L2AAT. o]
22 AHAFE ug o2 methanold 0.01M methanol-
ic oxalic acid& §& 872 AHgatd &, 5 £ AS
AM FF&d AT 23 E59 S methanol-g A}
44 BFgo] FTEF o HHE 73-98%| UL, +5
2 methanol¥.t} 0.01M methanolic oxalic acido] &% &
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o yriA HEZA | ZUEL 84-103%2 FB 33
o A%E F71A 8ozt v 5@ H5E g HYon TC
& 35 g0 61~-65%Z Tha Wk o 1919 HERA}O]
2L 63~116%8 ¥33Aqt. £ NgF #Z&¥As
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olZf ¥ A A4 &S JAFEYH HluA ohh E

U Hsg $£F019en FlERXE 043 SPE
(solid phase extraction)¥}®] 3} ¥]s=g S0l Qs
NEZ AZ¥AE NEY % FA AHse BAZ 4
o 57k Wi R g Yeidth 28y S &%
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gl A% Qe A& 2T FAPAYLRRE

acetonitrile :

HEE 7 A0 AT TP o] T APHL APz
Zo] fdstn #7149 287} A& Bal ope} Ay
28 AR 7|29 W HE) HA 2857] ] o
T A 8E A WS FAHE T e AR e
2 &3 A2 £ Aoa Algdd. a8y o2
THE HEA)ZA(TC)Y o] 70%8 YA RS
£ 2ol Jlon ol E UAL FEAARAN s
REOE FHHD 23 5534 B g A7
7 F¥ S ok Yot Qivta Algdrt

d £

&% HEALo|SUA FAEAL W&3A F£24
At HPLC ¥£49317] 93 dAz] $g 22 MSPD #
HE AT 49 e 22 488 4

1. HEzZAo|Z23A FREFIE 40TAA 554 TC
2 EQtAsg e OTC, CTC ¥ DCE tA &ttt

2. HEGA | ZUA FARA S L2717 A 45
4018 MR A3}, $594E 0.01M methanolic ox-
alic acid, €8 9[A & methanolo] £& &2 ¢33 3R
U ASE TR £2800A 3g&o] H&aHD F
FAITHE 3~4A T AR HJIT

3. EDTAS} oxalic acidE Aj|&d| #7}A] 3714 454
vjol A B Eetrto]2AA SAEAY B)o] 3u) o)A
F7HE et

4. A&l A 2 HE |28 A FRELS Fr g
£59 A4E methanolS §2 8|2 AHEA] 73-98% ©]
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2 AMA] TCE 62~67% gke v} OTC, CTC ¥ DC
& 84~103%2 3, AL 2717 & &9 g
o] &89 TCL 60~66%E WO the HEG}
o|ZUEL 65~103% FE AT

5. A& e A&FAE OTCY TCL 0.05pg/g,
CTC$} DCE 0.1pg/g ©|{th.

olde} A%E FHste] ¥ wj MSPD HAz H#yol
o3t 4 5% HEZAl|28A FAER S HPLC §4)4%
He 71E s v ng o BAAZe] Hos 7]
L7t FA 2880k M o] ARAA 4143}
A HES o) ZAA FAEA S A HEE F e
Hog A Aoz AlgET.
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