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A& EE F71ES AFEREH 8402 2T 4 dve LAY 5% (solid phase
extraction) 3 A& A Zo]l 1redrt ¥ A A= octadecyl silane (ODS) cartridgesd 48 =
Y vh7l, 96 multifolder, cl2=TdEt 8 AT FZ 2 FASHE B FAE 7189 A4-HF
FEYEEG 34 §82 14 Wl o] FujAzen, i ABHFS 8 W o)A P AHth ma
A gole] ALES 5 ou) o] ZAAZ Fr) gloeng UFd AlLd $mE AASE =YK
A FaAZET. R ol 96 e ABEF 1 0)FE B AP  deuz XEgA &
E H718Y F2 RS A 21480 Aol B AAE FIA & &5 A=
A FEH 8F "Bl Y 2 AHY B4 Hz B AL 2849 AN 7]EY
A -AA) FERE AT F US Ao 2 Alg )

Abstract

A multisample extraction device was newly designed for efficient extraction of dissolved
lipophillic organic compounds from sea water sample. This device allowed extraction of
organic compounds from up to 96 sample at a time using 96 multifolder on the principle of
solid phase extraction with commercially available octadecyl silane (ODS) cartridges. The
recovery yield of the new divice was higher than 90 % while that of conventional liquid-liquid
extraction process are only 60 - 70 %. The amount of solvent required for the new device
could be reduced to less than 20 mé per 1 £ of sample while 1 - 2 £ of solvent were used in
the conventional liquid-liquid extraction process. The usefulness of this novel method was
demonstrated with sea water samples collected from Yellow sea, and the qualitative and
quantitative analyses results of the dissolved hydrocarbon showed this method was superior to
that of conventional liquid-liquid extraction process in efficiency and reliability.

Keywords: solid phase extraction (SPE), 96-multifolder, dissolved organic carbon, lipid

(1) NFsetA+d, 3 Fd+4, kwcho@kordirekr
(2) B715 ¢HFA] AR 1270, 425-600

_34_



e 2%H & RI189 Solid Phase Extraction2 #18t Ui AE XM FA

LM 8

gl F71E4 BE R AFS HEIA
9 #HAY oldY R LEEAY A H BRE
ZAbe] vl Fag FEolth A4 AHE &
= w7 EY 45 GF/F 5 glass fiber filterg o
43l YA BAS B3 T o) FEde
HE AHgs2 et (Sicre et al, [1993]) &
Fejel FEY FE22 UAY AS g v
FRE EASeR FEd #22 g o
(Douabul and Al-Shiwafi [1998)). €& #7152
& gl EAEE YA BEAE F3Ho o
W Az (filter feeder)?] AF §9 JFEHZ o

o, Of

P

|H7 % sty 53] s AdolAe AH o]&H
1= B2 Tt (Law and Anrdulewicz [1983)), ®
Azt Aabgol =& Ao 2 AMHE &
E RIIEES AR 2 Hw o]} H7sle
ARG FrlEdae g8 g4Ag ol%o] 7153
o2 449 Add f71EH FFYe HYE
3t} (Snedaker et al., [1995]).

|E F7E FAAM driTd YA
touf Exjate oeQe] Ve
Z, 54 F49, A7 29, 19 4% 5% (natural
seepage), MY E] 28 A (Biegger et al,
[1997]) T2 1 7198 e = 9on 1 7)
Yol W& F#2 (Biomarker) 249 o] &%7} &
of o]Z9 & ¥ BAME Y A ofsfol uf
% 23 FEolt} (Volkman et al, [1997]; Fahl
and Stein [1999]).

|& garad B8] HedMe ¢4 &
T ANEZRE {7182& FEIAob st 7]
&9 2 EE L£& {fU7ES FEIE UYL
toluene®|t} n-heptane 5 #7] &0j& o] &% oA
A-dA FERol dukdol. 18} o] Af o
F2% &gc] dong FEE fto o (10 -
40 2)e] AV Hasy] E Be 49 &uE A}
Aslojof sirh TE o|FA FEF EA FZ
golA chekel §7] £0E AAS}E o B A
3 x=#o] x~Egroh (UNEP [1991]). o]& o)
g 4 9e 9o g oolid phase extraction(SPE)
Atk 2} 71E9 SPE W
F AR (d: A )l #

4 < o F2 ol&Hojgttt (Chritie
[1989]). SPE el AlLEHE resind FHANE
ion exchange Ww¥elu} XAD-2 resin®lY} ODS
resin®] 2]3¥ hydrophobic interactiong ©]&3F Wt
Hel dw=dl ot SPE WS AHE3sld 49
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Algel  FA At e, EEEH
cartridge FEHZ A A== AF9 o]&o] 7158}
o Az AL 59 F 2, ARHE #7)
Luje] Qko] JV|E9 dAF|-AA FEHYHo| v|dY
1/10 - 1/100 =2 Ao At} v &9 d3 &
#7+ A2t (Ebeler and Shibamoto [1994]). &3
5 T £E FUE F 4] FEAU AW AR
2 hydrophobic interaction® ©]&3} solid phase
extraction YHOE w9 FLHOT FZo| 7%
st B RudAE dgFe £& AYAEL
ODS cartridge® AF£-3}9] solid phase extraction
wog & 5% BASE 2839 i o

—
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g menor +4% 5 U= Aol 1y
Ao Betel 7 esA
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FZo ALgdE #7189l (MeOH, n-heptane)&
HPLC grade® Merck (Germany)AtolA T938+4
I A4 HEE 98 hexadecanol® octadecanole
Sigma AES AHEsIUT EF AIRE< choles-
terol acetate, Behenyl myristate, docosane, doco—
sanol, cholesterol, phosphatidy! choline® Sigma
AES AHE3IHTh 10 E9] narrow mouth poly-
propylene ¥ Nalgene A} (USA)olA ¢34
31 10 mf polypropylene syringex Aldrich (USA)
A FAe Gt ODS-cartridge (600 mg)S All-
techAb  (USA)®] AES AMEstdth Polypro-
pylene el A2 narrow mouth cap (38 mm)
o] male luer fitting¥ ventilation tube (1/32* ID)
g Fagle Fiae % 4 g¥ olE 43y
Ao A Azste Alg&Ath 96 multifolders %
8 polycarbonate AAZ Sigma Chemical Co
(Z37,080-0, USA)ollA +Y43+ch ODS cartridge
9t 96 rultifolders Tygon tube (1/8" 1D,
Nalgene)® ¢€Z3%5 UFHIZE  aspirator
(Twaki, Japan)t} &% peristaltic ¥ ~(Master-
flex Model 7529-10, USA)Z Abgstgch

22. O N ST ZXo] 24 U AAof
Alg AR Ao A #He sl A8 1 L& GFF
filter (pore size : 0.45 umE o|&3ld] 1x= 7}
gto] ¥{-E2 & AAS F polypropylene bottledl
ol AEUAE wsiych. vlg FujE 4 #BY
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o} /W (Screw cap with male luer fitting and
ventilation tube, Fig. 1) ©] PP Ala# 9] nlil&
HHto] B8 = male luer fittingel ¥ MeOH (5
n)et 33 FEFG n)E HH 3§ ODS-cartridge
$32 96 multifolderel ¥Z% Tube (1/8" ID)oll
g g o] PP AEHWE HTE und AR
ettt 96 multifolder®] outlet$  aspirator
AKI, Japan)ol 9Z3l1 A2 <t TE
& A8 Z ODS cartridged] E3A) 71t} o] #AL
e 2-3 A7k AIFE H8 2 sy FAel 96
el ARe] FZo] 7HEEIth 1 L9 #FUt BF
ODS cartridge® B %3t F&o] A ODS
cartridge®] female luer fittingol] ¥l A|g¥ o
ZHF 5 m7F AYA 10 md E°] polypropylene
syringeE AZ8e ODS cartridge® A gl
o] FAHE& ODS cartridgedlo] Fo} 9 &S
AAs7 Y3t HadtH AFo] FRHY syrin-
geol 98te] ODS cartridged 9477} 2s|2g 2
39 £Ao] gtk

Ao] +g89 ODS cartridges ¥7]1& A& 10
ml polypropylene syringe® purgedts F3o) @
of v FHRTE €43 AAStE YA 10 ng

[ LAY

E

»

B IrT=E
polypropylene syringedl 5 mlel 50 % MeOH&
A9 cartridge® AR Ete] A RAH {UE
& AAZY. o] E& sugartt amino acide] B2l
ol 8% + gith. w3giv X § AstA §F
H A4EE g 5 mY 100 % MeOHZE 23 ¥
Speed-Vac (Vision, Korea)2.2 £wl& AAd
A F-(50 w)e] &l so e dAle B4
& F33h. F3Zo] P ODS-cartridged] 413
7 %% 24 hole vacuum manifolder (Altech,

USA)E ol &ate] #8318 H& &noln,

(=]
244

2.3. Chromatography

23.1. Thin Layer chromatography-Flame lonization
Detector &4

2 IS B3y F&2d AP EY 24E& TLC
-FID(Thin Layer chromatography with Flame
Ionization Detector, Iatroscanner, Iatron Co.,
Japan)& ©] &3t A3 F&E AEE &
oo 10 mg/mie] FEZ U F ZH 10 g ANE
£ silica Chromarod Il (Iatron Co., Japan)el %
At 4E 9 ¥ 7 ChromarodsE A3
248 20 (ChloroformMeOH:DW = 65:35:5)¢
A A Zolel 50 %AX WA F T £l

g8 AASd T FAAY F4E $v) (Hexane:
Diethylether:Formic acid = 80:20:0.2)& A Zo)
T ANSA (Christie, 1989). FIDE o] &34
A8 Ane HP339% integrator (Hewllett-
Packard, USA)E o]&3t9 HEsgxz zt B9
9] A#E cholesterol acetate (sterol ester), Be-
henyl myristate (wax ester), docosane (hydro—
carbon), docosanol (alkyl alcohol), cholesterol
(sterol), phosphatidyl choline (phospholipids) %
EF AEE o]&3td T

[~=]

23.2. Gas chromatography &4

7t=az2vtE 89 (GC)E  Hewlett-Packard HP
58901 plusE AH&-dlem detector:s FID(Flame
Ionization Detector)& AHE&g o EC-1 capil-
lary column (Allech Co., USA, 30 m X 025 mn
inner diameter)& AME3tAT. Column® 2%+
1808 300°C 2 £% 6 CH ZF7sle= A5
AL HFT LmdAM 587 AFIEE oy
Injector$}t detector®] &E3+ zhzt 300°CE XA st
Atk AlEF Y2 Split-splitless injector® AH&3}
Ao™ injectione hexanedll =<l A8 1 wE F
datct #atgrao] FAHE FFE AEYY ret-
ention time®] Wl ECL (equivalent chain
length)gt-& AAtsted AAsHch E3d A&
A #L internal standard® E Y n-Cu¥ H s}
o FYPHUL Data FELZE o Chromate
(Interface Co., Korea)ZE o] &3tath

Zt FEHo F&S& vudr] Hskq 1 me
hexadecanolS 5 mf®] MeOHe| 591 ¥ o]& 9%
me} 3 % NaCl &4 7tetn 252 A28}
&R FabAjzl & o]& thA 3 % NaCl 9 10
ol 71stm A A 1 AlZE B9 muksly AR
2 AzxsHPck o] AEFE 1 L= ODS-cartridge
Fate) o] gstn UoA 9 g9 1 £9 n-heptane
& 7M8te] 18 £ E°] Pyrex ¥ <ollA 12 A7
T FYuNr|2 wdtsly &4t F& &
ODS-~cartridgedl A &% 20 ml8 MeOHel 0.1
mg®l octadecanold 7t8til HA - FZA L
o] 1 29 n-heptane°l 09 mg2l octadecanolS
vz Ayl & FEsle GCE By 35eS
A&

3. Al A U EE
E FE9 A FE2E A8 AN YEE
Fig. 13 Zt}. o7 238 AL male luer
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Fig. 1 Schematic diagram of multisample SPE(solid phase extraction) system.

fitting®} ventilation tube’} ¥ &¥ Algd¥ F7 3
96 multifolder®] Al&-clth A|Z¥ F7Z 2 male
luer fittinge ODS cartridge®] female luer fitting
i GA Adso Fzbo] fo|d Myl ofuia H
ol7h 9k ODS-cartridge AFo]ol male-female luer
fitting€ 714 on-line filter cartridge (25 mn
GE/F filter )& F-&% 4 glo] ¥ H$ ¥
FEAdD EEEHAY FHYE FAYA 3T 5 2
o E g2 F8 FE< 96 multifoldere SAHXE
ko A F2 AME-EE 96 well microplated] Al
82 A$+AY AAGE pipet head=A4 8 X 12
o] wld& 7FA multifolderelty.  uwabM o} 96

multifolders 1¢¢ "ol 7153 polycarbonate
Az ARHo] Fysn JgE Ad 7 Us
wE Axste] B £xo ul$ Hgsith dw

diaphragm %29 IF pumpE = F&0] By &
47} pump o2 #9E FS FAI) Af=
B A e d¢rt Y=ol £uH8l aspirator
typed AF pumpE AE3tglom #riEAe] A
A" HA g7 428 F 4§ o] AT pumpE W

239 peristaltic pump2 WAISIY FZFo]
HARZNrE AT FE Uk B AdgAdAe
olgA 3l&dE AA AFE NG ATy wgo
stz oy, = AlEH vlsle] ventilation tube
Algy ote e g giVIds FYEA FAA
Fe 988 39 F2& A% ZEE FoldA

=2
e

& 3
kv

B %o Al2H ODS-cartridge: particle =]

Eo] ¢k 10 mm FFo)|BE o]f particle Ao} F
39 37171 10 mm 2o e vzt "J@d 3
FE o FTFE BId zE2A FHEE 2

cartridge® F#3tE sl ZF dHIL F
F9o dwy wrgF zlelAdh mElA FF ApolE
327 dAFFe &€ FIVIEHEC] cartridge W
9] particle EH €919+ octadecyl group® 4
, E38 7137 molxlzE A& FF0] 7}
tob whdol dx-Ax FEHLS dityow B
W78 olgdld oz ESFAY Ho
Hl FE & H3td TEHE % 8 B¢
el et f7] &vlE Y I motorE o€
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TS, 88, MEH, UMY, BIlE
& a2 e FA"EY 2y ode A4S & %
A= #71 &gt 5 F & K7IEe] FE A
3 HEY 9F deu 499 A7E A BE 289
T Yol FstER FZF A &S ODS-cartridged & 5
Bjgte] "ojxlth, ¥  ODS-cartridge® A vacy 2L IAY ¥
solid phase extraction FH ¥} AA-QA FE2He] o B2
&8 Table 1 o] Hednh ¢4 dgz s
A5 Ame ol B PdelAE 102 718 o Shedn AR
A-AA F249 8 - 2029 w3l wh$ FHo
Nz FFo] 7rHE Y ALEEHE #7] £ 9k
T Ax-dA FE¥ol HA 10 Yol wkale] 20

ml FTol}.

A AT & e R

H
AT o] mlFEAY AL
oje] ¢£E7} o)$ Fojopstm e w7}el &njE A

wg- 2 gold.

TG

HC

DG

Glycolipids

PL
|

F&WHe 65 £ 5
Hste] YE Hold 2 F8&88

PA

o) ¥k obel A4 7l2g o] & E
Fag ald && #71
3| &M% hexadecanold Aoz FE A
Yol Al ODS-cartridgeE ©] &3 solid phase ex-
traction HHE 92 £ 2 % FEY IFES HAY
oM A - A A

LPL

fufje] MAAME HA 109 &2 A
93t rotary evaporator 59 w7t &
| o8 @ vl 186 1 AY Asws F
gl HiHol 20md 59 £ulE Speed-
218 ARE 7

9o §A

T

F9 ARS FHol s A EP

% 4=e 3Fgol
Bolu glrt

Fig. 2 Typical TLC-FID chromatogram of dissolved lipid compounds in sea water collected from the Yellow Sea
(YS9908, Site A-3 surface water) at Aug 1999. TG: Triacyl glycerol, DG: Diacyl glycerol, MC: Monoacyl
glycerol, FA: free Fatty acid, PL: Phospholipids, LPL: lysophospholipid, PA: phosphatidic acid.

Table 1 Comparison of solid phase extraction method using ODS-cartridge and liquid-liquid extraction method.

Amount Amount Removal of | Extraction at a Recove
Method* of Sample | of Solvent a . . 54 Process
solvent time yield (%)
(e) (mf)
SPE up to 96 semi
- +
(ODS) 1 20 Speed-vac simultaneously 92x2 automatic
quulq 8 -20 1,000 Rotary one by one 65*5 manual
extraction evaporator
« 7 dge 3 99 492

N EEES
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g Abgste] AR HFREE FEE A
Z4& TLC-FIDE 243
T2 Aolgle AA|HA
ol AAA tracyl glycerol
Axatel FAEQ AAA ojejd] ol F
A5tz diacyl glycerol, monoacyl
glycerol 59 &&Fo] L& HAFEh
& 71859 ®©3rse 2AE gas chro-
matograph& o]%o}oq 22X oF Fig. 39 59
t} Fig. 394 98 299 A$<A unresolved
complex material (UCM)el nonadecanc (n- Cio)
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g AR §718 N2 AT F glems o
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st xEHE %71 Sole) FE 1100 o2 &

F 9 ReE f7180e vE 273 @
27 eqel gzt g Ao F2gel v
ol 22 3001 1 zo] BRI FABS

e} WA 3% Azkel 1/10 olatz REs=e
eo) A n A5 s,
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[+

oA gasw zb oo wElgivt Wiy = |
BEostid B¥sn &S RAFET ole 83
Zh ehgleA AR HEoly g3 BMS £3Y E Ay Faed A A (PN99393, #3trs
F e £ dort doAdg ofuldr F) 2 PE00784-01 (F=sidd+2)y Ade=
FHEJFLL
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HDes
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Fig. 3 Typical GC chromatogram of dissolved hydrocarbon in sea water collected from the Southern Sea of

Korea (NH9804, Site B-7 surface water) at Apr.

1998, taken after the addition of internal standard

(nonadecanoic acid methyl ester: IS-1 and tricosane: 1S-2) showing UCM around nonadecane.
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