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Abstract

Flow field-flow fractionation (FI-FFF) device has been widely used to verify the size and molecular weight of various colloids
and organics. The FI-FFF, however, generally uses carrier solutions with only low to moderate ionic strengths to exclude the
high affinity of materials to the membrane under high ionic strength conditions. Thus, materials existing in seawaters have not
been accurately analysed based on the hydrodynamic size and molecular weight using current FI-FFF techniques. The highest
ionic strength tested was up to 0.1 M, while seawater ionic strength is about 0.6 M. The aim of this study is to accurately
measure the hydrodynamic size of particles under carrier solutions close to seawater conditions with the FI-FFF. By employing
various operating conditions during the FI-FFF analyses, it was demonstrated that the flow conditions, the concentration of
surfactants, and stabilization times were key factors in acquiring compatible data. Results have shown that the cross flow was
more influential factor than the channel flow. The concentration of the surfactant was to be at |east 0.05% and the minimum 15
hr of stabilization was needed for accurate and reproducible data acquisition under seawater condition.
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Fig. 1. Characteristic flows and separation in FI-FFF system.
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o714 = void timeol™, ne & HA, we A
9] %A, ke Boltzmann A&, 7= HU2E, V.E A%
&&(cross flow)el =7], I8 V°& channe void
volumeolth, 9 o)A ¢,7 d& AT FEL 7]7] el
A olu] AFHY e FOIER AAAITE o] gsa]
A=Z7E 23 = QTHGiddings, 1991; Schimpf et 4.,
2000).

FI-FFFE o] &g 7]&9 Ao e ot 449 %“H
(solution chemistry)E o] &3t JAY E-9 37
Fags ¥ oy, QA A= A/ AT
A AF == AJTHCho et a., 2005). FI-FFFS]
WHAZE AN A He dFEEY EES £
HAZ FNY EZ9 OFY SHAAN B2 FHo
o a28u 3 Al AMgshe &vll(carier solution)2] s}
A THEGEH ol2Z= 2 pH, AL WY £
22 F-FFFY #4217 2% § E3-3388 24 5]
YA B FFS mF F JTHShimpf et a., 2000).
wba] A oY A 2R 548 Fotsty] {5ty
olggt Az gt IFE HAANE F e FF
B EH] EEHo|oF Atk 53], F-FFFlAE eF2 A
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2.1.1. Flow Field-Flow Fractionation (FI-FFF)

E AT AREE FI-FFFS PostnovaAl®] AF2000 Focus
Asymmetric Flow FFF systemo|t}. 7]719] Ad Zol=
26.0 cmo]i, F7A= 250 pmol] A|FHF-EQ] Zo] 2.0 cmoll
BHEY Zo] 1.0 cmQl AttEE 2Egoln & A4F
Zgoz HogtKFig. 2). A'd9 wletel+= Postnovad] 10
kDa regenerated cellulose BEHAE FAsAUT A5
9 Rheodyne(Cotati, CA, USA) Al¢] Model 7725i
loop injectors &ste] o] FojRon A3 AP FUH
A58 & 25 Lok APl AHEE &l Postnova
AFe] Model PN 1130 HPLC pump(tip pump)ell 2late] =+
A=gen focusing flows tip inletll Al 10 cm EolR
Al A Adel FPshe= focus flows FAES Ao A
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Fig. 2. Schematic illustration of F-FFF system.
A 5 dFEEY &d 5582 HAF EE(cross flow)E & 3. Zq a4 JEt

st &8 Whal Sf(channe flow)2 A3 &9 UV
Z37I2 &8 otk AAF 589 EFHHA SAE
818l = Postnova®] Model PN1610 syringe pumpZt AR&
HAh 3587 focusing @A o] Fo] RE U olEHE
AF2000 control ZZ21# & &3l 7| EH AT

2.1.2. Carrier Solution

Ao AMEH EE 8ulE Easy Pure RO system<]
D7429-33(Labscience, South Koreg) & o] &3la] AZH YL
M o]2F =L NaClZ2 234tk A9 §&& ¢As
= AHUEPGAZE FL-70 (Fisher Science products)s, ™
AEY WS YAy ¥sted NaNs 01 mM(Fisher
Science products)& AH&sITH AFHEE WET] 95k
¢ FEZ 35000 myLz ZHsHoH, 8ol Eojrke
NaCl, NaNs 2 FL-70& 1-2A17F o] mukAzl & A4S
A A5k

2.1.3. Particle

A EZZE 30 nm =719 1% polystyrene latex
particle(Duke Science)< 1,000 mg/Le] =2 3|45t 4
At

101/‘1(310acer)E é} shod
‘E‘E]ZH‘;’E(GIUUOH channel)% JdstTh A =HE& &4
skl AJ&Rle] AR £ HLE el 371ges 4
A Az A2 Z%ﬂ"é H LA F71EEo oS
d e fA 2 849 55 549 WPl dojuA &
EE 3tk 2 F T &WE vt HFSE AlAT

2 ok oX
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glsty] Asted YA 2 A FRFE FUSHA
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Fig. 3. Variation in void, elution, and rinse peaks during Fl-
FFF analyses with respect to flow conditions. ()
Focus cross flow, (b) Elution cross flow, (c) Elution
channd flow

AR s &= NaCl 35,000 mg/ll, FL-70 0.05%, 2]
. NaNs 0.1 mMo] AZFE AT Fig. 3@°lA Eole Hpe}
#2o], focus cross flow®] &2 0.5 mL/min, 20 mL/min
2 40 mL/ming Al 7IXE2 §&4£L WA 7Y AFE 5
At 2 A9 A1 focus 52 AT 408 X
rinse SAE 108°=2 A3F39d. 48247, 0.5 mL/min
A& eution peak’t 9.7E°I¥oH, 20 mL/mindlA &=
105%|4th ol 2= B Fd AAF S5 AH
A JAREo] WAEH FHo| Bt} shrto] AZeke, &

gA|zto] ZoljAE AFHE 2Tt ASZ E F Utk 9]
He A2 7 peskd FHE A= E 5 SleH, 20
mL/ming] Z-$-ol+ elution pesk$} rinse pesk7} F3 o] Y
SAT 4.0 mL/min®] Sl edution peske FE7l &<
5 o= AL Q-Olé} 4 qlt}h o], cross flow7t JH
sto] RSl 4F EEEHol F JHY peskE UEREG Ao
2 2 £ gtk 05 mL/ming A2dE rinse peak7} "i“
Zi—% A & ded, ols FYE dEE9

void pesk¢} elution peskell Al EEU2 o= ZF%%

2
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Fig. 3(b)9‘r 22 Afde EHgAANA AAF 58
WA 7l Aot £3 dAAMY AAF g2 B
AAES YA Boa, g WollA Z7]e e &£
7 doAYA she 98 drh agddA BE upel 7ol
AAF 58S 0.25 mL/min®} 05 mL/ming F 7}x 3%
2 AYE AAsET ATl 025 mL/mindl A& void
peak7} 5] dojdu] WSl eution pesk’l 9.5%-ol A
dojxtow, 0.5 mL/mindl e 1268 €ojya, O]E}].OJ
elution pesk T3 ZA Yygth ol B} Z3 HAAF
E AE sl YRS g B ke X 2
SHAl =9, ol wet YAEe] £¢ OEO] A
£ FE ARty g YRSl HEy
ZstA 9@ ZAFolth Rinse peke #%
LA Fig. 30 RHDANAM FFH =
gt FEELNS Q‘”% A EF 552 9B
BPsHA = AR PAE] WHHRIY F3
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A i, ok B2 gAYA elution peake] §&
¢S oA "ok WA eution pesk rinse peak.4
EHS’Jr i7]7P %‘E}t Ag AT F A} ot o] Z
FEAIZEe] 12784 163822 F7}
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3.2. Elution Peake| =
a3

2 ¥ B slAe gAY AR, 4R 2EE
kol A7 o] 5 S(electrogtatic double layer)o] 743}
A Hed o2 st st ABHJY FFo] dojut
pesk7t WERA e A97F Utk o] AfdE A
BB F2E FAS] st AVLLAE AHE
SHA Hed 71=<9 dF-(Moon, 1995, Moon and Cho,
2005)8 E3l9 FL-705 AMEs712 2335t FL-70=
4, 75 é-i ARSGAZ YA B EE ST
717 F3s AT asEu AA Add Jo vUR B

< Y AMSGA = A AU 2oz st 9
A fE 544 dFe Fo HAEFT 29 HolHE ¥V
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3 Eoizlct. T YR &2 AE AT § AJTh FL-709 5=F
AR FE5EE eyl 7HE HAHS AWEGA 0.03%E £H< Wl eution peaks YEIIA gkgkoyt

9 BEE AR Ystd FL-709 BEE 0.01%90 A (Fig. 4(b)) A7 S&5°l AALE FelA S/HT ZHS

0.05%7kA] 3¥el AA wWsAFAth(Fig. 4). FL-708] =& 9 Ul rinse flowell A= pesk data’l YERdE A& &

A &uje] HEE NaCl 35000 mg/Lol NaN; 0.1 mM AT £ YAk BEE 0.05%E £ FALol= eution

2 9FsHA fA9LH flow condition HAF SF peak$} rinse peak”’t T

05 mL/minl &% S&2 1.0 mL/minez A3t
AGZFHE o9 Fig. 4@ & & e weh 2o
0.01%9] FL-70 HX=°lA+ eution pesks} rinse peak’t =
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Fig. 4. Variation in void, eution, and rinse peaks during
H-FFF analyses with respect to the surfactant con-
centration. (a) FL-70 0.01%, (b) FL-70 0.03%, (c)
FL-70 0.05%
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glel(Fig. 4(0) st 2ol ®E
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slstih
33. MEd =2 E ¢l ™S A2t 2F
HAEHAG YA Art g2 wF F-FRROAM AR

So] PrHQIY HAAF o]FF TS Bo] oA =
o} olZ 23ty WEHEHQY olFFe] WrHA HAA A
2 22A HFFE AA G2 FEHAE 4F FEe
oFzte] & -gFo = Qlste] peske FEiZE 2EA dolH
o] AAgol EoAA Hrh ol A& WA st
o Bue] &g A&Fo7 A, AEQdd A
Aoz AA7E olFE S HFsAZE dart k.

RE Agd AF83 &ulE NaCl 35000 mg/Lell FL-70

0.05% 23 NaN; 0.1 mMolgth ¢Hdst Add] oA
AL T3 A2 Yo &S oz U
98t 3eAldl AA flow conditiong W3AIATH R WA
GARE 7S 3 mL/min o]} oE 108 59 8 Ag

FE& AQeH, o M= SF I 20 mL/min, A
AF 55 2.0 mL/min, 2832 AAHF & 3.0 mL/mine
2 A4t 208 5% 24 T, vAY A RE SSRGS
1.0 mL/mine2 &8 Hg3l ATt 2 Ade AAISHA
th ¢HEs AJZE2 2, 9, 15 E 24A)1te 2 It Adg
ARE FFAT AFEBH 229 HgEt Ae AR
BolE peksel 271 FE7t mF LR OT(Fig. 5(8)
OAZF A & peake] FEHle EF FARIAIT 2 A7 ¥
datA ke Aoz YEbgThFig. 5(b)). olell Hlate] 154]
3 2407 3 7S AR Ah9 FolE pek
o Fee AV BF 5YS AeE YEETHFgs 5(c)
and (d)). 15A17F o]4+9] 71 QHEsh AR 89 2 ¢
BTEE QIS WEEHAF AT FH7F AFo| FHT
Z718td dAe B o= "Ede] FFHO e
Yzt JAEE gt FFE wiAISy] &l R8FHE A

Zrolt}, olE & 70 eHEEt A1HE dEAZE F AE Wkl
2 Ad W 248 98yl w4 = ZFgY 22
9 BA Zo] w7 @B THS AHT £ 9ge
wHoR A3 back flushingoldh E&E Z22& & A
4 & 9de &1 58 Ad W= FUst flow condition
o Wels B3 E-gshHel 9ds AYe B8 Hdst
AIHE @& 4 ArH(Shimpf et al., 2000).
4, 2 E
2 AT F BEFE dFe 2o 22 9 5% FhA
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Fig. 5. Reproducibility of F-FFF peak data with respect to the stabilization time. (a) 2 hr, (b) 9 hr, (c) 15 hr, (d) 24 hr
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