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Abstract: A flow and sedimentation field-flow fractionation method has been used to characterize colloidal particles
in environmental samples. The opposed flow sample concentration (OFSC) method was employed. The OFSC
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procedure was optimized for the analysis of particles in ground water with respect to various experimental parameters
including sample introduction time, flow rates, etc. The effectiveness in low concentration and characterization of
the OFSC-FIFFF was demonstrated with GW-1 and GW-2 ground water samples. Ground water of upto 100 mL
has been successfully loaded, concentrated, and characterized by OFSC-FIFFF. The OFSC technique allow the
application of FIFFF possible for the separation and characterization of colloidal particles in very low concentrations.
The results show FFF provides a simplified alternative to existing off-line concentration procedures, and shows a
high potential for the applications to the analysis of dilute colloidal particles in the environmental samples.

Key words : FFF, size-based separation, colloidal particle

% Corresponding author
Phone : +82-(0)42-868-3675 Fax : +82-(0)42-868-3393
E-mail : kdy0509@paran.com

-75 -



76

1M 2

N

E

i

AAHLzZ S et Bilo] EolAIHA,
2 A EAskE o2 HEES A7
71zl gk gRe] T8l F7kstaL vt
53] @7 4A vk A7t w9
2

A

o
27
o

Mool o 2 ff

pu) 5] swo] $EE @adolt.
3

R - R N I

R T (RS

g
+

wooun A ox mr Ao rlo (2

op o rfr W rlo O mi

i
I ore
-
2
=
o
ofN
fo
=
-z
lo Az

R}

o2 MY [
lo %
2

ol =
rEJ(le
= X
L9
+J
do L 10 M
o o
fo
o2 )
A
2 |
X

i
R

)
o 18
il

fu
rlo q
il
o
Mo
1
flo
=2
o
oy
b

o o
N
P
1o,
Jn |d
oX,

ﬁd

2L ot X
2

td
flo oy &L 02
£ o o
P
u
N
ne
H

i K

ol

x g 2
9
J >
E HH‘ 'h‘
2
o
riu
of
ot i
ilo
=
>
v

do 2

2

-
lo
1
a
flo
i);
o,
X
r©
ol

g AAg Sl 4k
-5 ®3 ¥ (Field-Flow Fractionation, FFF)S-
718 R 2o mE AT

O

2 O
ol
ol
£
o
Y
1o,
u

dlo
o
o
o3l
oift
o2

L olE)§- - ol5E

FFF= &8 WHOE 1A% A A=vET T
(HPLC)®F 717] Holl A w9~ fAksE Fej & zhe=th
FFFo A= HPLCS| ZHof 3]T3l= 4 (channel)]
g ¥l F-E FElA 2Ert o] R R ol S
H BRG] Yl TA Ao sgel o)A 7t
doj}r] witel T A2ntE ety F27]
stet. oA ARwtEIY F S g Wi 4
Aol YL, o] Hlo] o A {A ¢ 5 &
< ol &3t YAETH AEAS} 2 AlgE0]
71 olafiA FE7} o] FARBR B4 A F
A 27 e AREY §3F e WY S AlA

Uths FHS AYY® FFFe 22 2 o
v &3l Y| goAEE ulo]|aE 7] A
skt 83 E2WURelth. FFFe 54
YA BRH Alge] A7, #AF F
1 52 58t gErgE Ay A4
Ith ol#g 5 o= st x| As)
, LEA F BRI RS 3EUYA A EE
of thst FFFe &A1 &3] Wa=ar ok’
FFFOlA ARg-sls Ald2 Fole] A ofad £5
Abelol] & FejZ Zebd 77 w$-A(spacer)E 7]
A ¥ 2EHE W FAHE el el vt
LdE 7 A gioeg H gre & e E
Fstc) ol T W ApololA] B Fo] {&2 FAY &

o b

he

-

¢

=1
T

o=

|m]I,

1

ol
&

]

ol nlllﬂ o

--— ftlo

£
i)

[

o

oy 5oy B
i
rlo

-lg' Flf ﬂHU

o @ W oo
Ry

o 3

Inlet

Cample &

Eampls §
weid

=~

(A)

Fesponse

—

(B)

Fig. 1. An illustration for the principle of field-flow fractionation (FFF) method: Comparison between normal (A) and steric (B)

mode.
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Fig. 2. Fractograms of ground water (GW-2) sample obtained
by OFSC mode Flow FFF run. 10 mL (gray) and
20 mL (dark) injection volume sample was introduced
into channel. The focusing flow rate is 1:15 with
flow rates at the normal and opposed in flow inlets
of 0.2 and 3.0 mL/min. The focusing time is 60 min.
During the separation, V=0.5 mL/min, V,,=1.0 mL/
min.
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Fig. 3. Size distribution of ground water (GW-2) sample.

Ae Ad W2 Fdshkes
2 A&7 &3 L
T AATh HEF A7kl oA Alg€]
(size distribution)E 213 & Az} tfFE 9]
2 20 nmo|A 500 nm&] Z7]o] X3} 9

< 18 5 AATHFig. 3).

GW-2e] 7%, $4 9 AFHE Gwaz ELd
FY 9l 10 mLE FYS A3 Fig 400 Ve

GW-2 Al5e] 7+ %3]
ﬁza ‘I‘O1 -2-7] E‘E%

A =

jine
R
Wt b oo &

;O
°
e

Analytical Science & Technology



FFFol| 93k 2t 2 EoF 2= 2590 =74

@

2

(=]

[}

o

@

o

]

2

>

2
_ [\ AN
1] 5 10 15 20

Time (min)

Fig. 4. Fractogram of groundwater (GW-1) sample obtained
by OFSC mode Flow FFF run. 10 mL injection
volume sample was introduced into channel. The
focusing flow rate is 1:15 with flow rates at the
normal and opposed inflow inlets of 0.2 and 3.0 mL/
min. The focusing time is 60 min. During the
separation, V.=0.5 mL/min, V,,~=0.8 mL/min.
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Fig. 5. Fractogram of groundwater (GW-1) sample obtained
by OFSC mode Flow FFF run. 100 mL Injection
volume sample was introduced into channel. The
focusing flow rate is 1:15 with flow rates at the
normal and opposed in flow inlets of 0.2 and 3.0 mL/
min. The focusing time is 180 min. During the
separation, V.=0.5 mL/min, V,,~=0.8 mL/min.

Rel. mass

V] 100 200 300
diameter (nm)

Fig. 6. Size distribution of groundwater (GW-1) sample.

Table 1. Amount of suspended solid (SS)

Sample 0.45 pm<S-S<1.2 um 1.2 pm<S-S
W-22 0.0004 g/L 0.01234 g/L
W-2-1 0.0007 g/L 0.2480 g/L
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A B =X 43 31 A TH(St/SAFFF).

Fig. 72 field-programmingS ©]-&3}e] -3 NW
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UV/Vis Response

fraction1,2 rM fraction3,4

N,
|

5 10 15 20
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Fig. 7. Fractogram of NW sample obtained by Sd/StFFF run.
Flow rate=7.0 mL/min, Field strength=300 rpm, stop-
flow 30 sec.

ol5T

Fraction 1

Fig. 8. Optical mlcrographs (x300) of four Sd/StFFF fractions
in NW sample.
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UV/Vis Response
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Fig. 9. Fractogram of groundwater (GW-3) sample obtained
by StSAFFF run. Flow rate=7.0 mL/min, Field strength
=300 rpm, stop-flow 30 sec.
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Fig. 10. Fractograms of groundwater (GW-3), natural water
(NW), Soil (S-1) samples obtained by Sd/StFFF
run. Flow rate=7.0 mL/min, Field strength=300 rpm,
stop-flow 30 sec.
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