=B A 88 2] A|9E (H45) 243~249, 2006
J. of the Korean Society for Environmental Analysis

g

&t

ol
il [
o
o
A

AR ND TN A A5

= ol o8k X

;,‘i‘—/\ A, ?SLLH;HUL*—r 38k}

Determination of Size Distribution of Particles in
Ground Water Using Flow Field-Flow Fractionation

Chul Hun Eum’, Dong Young Kang, and Seungho Lee

"Korea Institute of Geoscience and Mineral Resources, Daejeon, 305-350, Korea
Department of Chemistry, Hannam University, Daejeon 306-791, Korea

Flow field-flow fractionation(FFF) have been used to characterize particles in ground water. The opposed
flow sample concentration (OFSC) method is employed, where particles are focused into a narrow band near
the inlet of the flow FFF channel by two incoming flow-streams through the inlet and the outlet of the channel.
There is no need for stopping the flow for the sample relaxation, which is usually required in conventional
Flow FFF operations. The OFSC procedure is optimized for analysis of ground water particulates with respect
to various experimental parameters including sample introduction, flow rates, etc. The effectiveness in con-
centration and characterization of the OFSC-flow FFF was demonstrated with various mixtures of polystyrene
latex spheres. Ground water of upto 100mL has been successfully loaded, concentrated, and characterized by
OFSC-flow FFF. The OFSC technique makes the application of flow FFF possible for separation and char-
acterization of particles in very low-concentrations. The results show the potential of (OFSC)-Flow FFF.
OFSC-flow FFF provides a simplified alternative to existing off-line concentration procedures, and shows high
potential for application to analysis of dilute particles in environmental water.
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FFF= 19809t 4kl Giddingsell ¢Jal &) 714
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M wlelag =719 YA ARES BHshe &
&3 22 Wlolth, FFRY) 54 5 s 2] A%
om¥E Ame| ), ¥AR 53 e Lelsed
sEEE 49 A4 5 drie ol ogd =

p=]

NAF} FAJAD A FE) the FFFY] 384771
giks] FgP= s k.

olgigt FFF= Ake] A998k 1] (hydrodynamic
volume)el| ]3] -5 AlZHretention time)°o] 2% =]
w Ade] 53 Ao R vhsle] A= <Al
o BAEZAES FHHoR WolEth 7t ¥4EF
& FhHAl(diffusion coefficient)®} Stokes#7d &

AAfol] oJa] Z/PER FE|7t 7FsEh, o] W
F2ol= gl YAFHe] =4 o] e o]&HT &
ols/de] A&t WAL 8 JEHE AFS 5
2 497 Yol F2ol= 9 Yxpe] EEjol w9 -8
s},

SR ZpAg Yol] EAlshs F20l= ® JAe] F
T w9 Yo RiEA] AEEY o3 A E of§
sk dAE] ZFe AXA "ot oled WA A2
159 37 (aggregation)?} +-3f(shear degradation)
59 JEHE FEsAl Hol Al EollM SAlshe A
Aol BFIs thd 2pol7t e ARE 4dg F 9
SHAIE 7HAAL ok B AlRC] ATEEE ¥
7] 918l &3] AMgsle HAAWZ (SEM, TEM):S oY
A Ge7t obd g/delolA AMgstE® gt A7)
ARE 4d& F ok Z7PIA A2 epE 2 T (size
exclusion chromatography)2] 73%- ¢4 AF3F &
AREH, 2 Bz Qs ARGl Agto] @S0

wEha], 2 AeMs AR A9 e FE
EFAIES 4371 ¢5ke] opposed flow sample
concentration (OFSC) W] AF&3le] FFFol| 2]3}e]
AskE Well EAshe YRS weletarat sigith.
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Flow FFF 8% X+ FFFractionationAH(Salt
Lake City, UT, US.A)e] 24 F1000 Universal
Fractionatore]th. Ade] F2& 2709 ZA] #2
(Plex glass) Alolo] €U (alumina)® ©]F1% t}
37 F(fritye] ol o] F v # AlelE HEdshe
frAle] EE0] #U3 FAHES AL, oAS 5

A=,
34 Cross stream 4 #93P 7% 5 AU,

(<IN O]%:i

T 9] tad T Afolel 7+ =9-A] (spacen)E F
Rkom ol I Folz FAEZ] vy IS FEl
A HA 5= SHmembrane)s FAUTH ©]
HYRIE F& W F8] oM dAF] 2 &
o WHRle] ExA] UEE FAAA FUH. Ade]
Aol 293 cm, F 2.0cm, 7H4 =97 (spacer)®]
A= 00194 cmo] 2Tk,

Ao AR REFQIS A BERE QX (regen-
erated cellulose)Z YM-10(Amicon Inc. MA)°]1 2,
YM-10 HEHRIE T3 & F Us AWEAF
(molecular weight cut-offye EAFF 10,0001}, =)
g =338 |(torque wrench)S ©]&3}] 55 Ib/inch
2 ddsiA 2ox Aol ARg-skth

HAZE= YOUNG-LIN M930(Seoul Korea), DMX-
2003T(SMK Inc. Japan) Piston H3Z<$} GILSON
Model M312(Middleton, WI, USA) peristaltic H3~
£ ARESIT

Ag29] A& YOUNG-LIN ScientificAFe] M720
(Seoul Koreaye AHg3lith. A% Z3= FFF Data
A AZTE9 o]l FFEEXE (FFFractionation Inc.
Utah, USA)E o]&3st] -2 dloJElE A3ttt

Alg F¢Y AR (njector)Z+ Rheodyne 7725
Injectors ©]8-3lAct. A3 Ade] /&3 w5 E
9 &8 wAsE &7 W3k needle valve® F
et 9ol Tl (buretys o3t ZHte] FA¢] -9
£ S48t 55 S

2 AFANA ALEgE A skt ENEE FF
(Gwang-ju city, Korea)ollx] SHENT Aol LotA
A" AEE £ S, dFlA hand suction
HEZE AME31] 1.2um WEEQ QA2 Fole] A
7] M2 AEE FESIT. WEHR AHXE S
ojle Flow FFFE ©|8-3}] normal FoA £
SIaL, A EES A7) &7 (aggregationyS WA}
3L A SYAR 2Rt FEHQ] RSk S
Z}-&-(interaction) #43}et7] flste] A5t Al®
113 1g¢] SDS(sodium dodecyl sulfate)S A7)},
ule)glo} Aol JAE ske] 0.2 g2 NaNy(sodium
azide)E H7FBIATE o2t A8l Al EES 4°Col &
L8 W] Bty Al AR Al Za
gk IREE FHsle] A2A HolFaL WNTE o) A
WS ATE 3087 wREsE Fof] Aol A8kt
ANEE MiliQ T4 ARGANA H53 Eo
0.05% SDS®} o]'&% wio] vhe|g]o} A4d-g wA]a}7]
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28] 0.02% NaNy5 2318 o)Adol s,
o)/ Thest st oA AR SsiA &
H BGAE £ AIZ Foll FHA 5AIZE o) ] wwt
(stirring)S AZl Fof] ARgsIglon, 42 f2 A=
Al(sintered glass filter)E ARE8A o3} 3o ARE-
A=

=
=7 °ﬂ te A8 =9 AA Al ZH(injection delay
time)>} 019} AlZF (relaxation time)S A3l g

585 2 589 PR 742 ZHF Fo Ut
£ ARE U,

WA 2de] EXfEY](void volume)s &4317] 28l

A 22 35 (cross flow)e] §lo] zid 3 E(channel
flow)ihe Fo] A F&5S ST Fol ol

20 uLs Fiste] 935 gRlsgin. oW Ad &
£ < (channel flowrate)2 ©]&3t] Ade] F7
(thickness)= 243 0.0182 cm®]2Z, B4 F-3(void
volume)x= 1.067 mLo]t}.

A g AR Folle el 9% EelE &
olal7] ¢Jsted 28, 79, 138 nm =7]¢] Zg|xEld =}
T AEE o)Edl 4 Al
AN Agalsich. olel 4% 2L AY B8 44
I} 72} T2 552 A3 Zx%»g],o:] oF 30% o]l
_g_a E] E /J-a-] ;qo]] 21—15]. 1;:4';]_0:1

stop-flow'2]2] flow FFFol| 2|3t =17]o] II}#
ZE o|2Fl Yt =79} WEE A7 (retention
time)o] w& HAAA dAe] ZA7E FRIgE F
OFSC-Flow FFFoll4 E2]5}7] $3l14 stop-flowtd2]
o] 71710l 37/0¢] 3-way WEEZ HAs)x 529

weke 24 & 7 ‘21_‘1:—% s, Alse] Ad W 9
E43] peristaltic pumpS A X3}
k. E‘UOH A]%f& A& stop-flowd2]ollA] ARE-
gk 28, 79, 138 nm ZTXER ZHEl s E3F A EE
°]5/¢ 50 mLe 100 mLell 3|4 AIAA Ao A
&3ttt

AR 2Ad Wol] FYsEF RifEEo] vhibs A3
o] AlEEe] #4493 wWE FAsH HiL o] dAlA
© WAEE glo] @A Ad 2 U9 55| ket

ol 918 frits SAsle] Az 5 2 W=

g 3FEE 328

el ol Aai:

% Qse] =) B 245

3tk ©]AS sample loading and focusing®|Z}
st o)A JPE AR v FHoE FYH
SES 9 B A (field)?] WA}FSE (crossflow)S
7Veh= oFd 3} WA (stabilization step)S AXWA
Z}e]  gAikdiffusion)F} 2] F-A(field))) ZAEE
(crossflow)e] HYFL o|F= X Hl| z}zte] EL7]°1]
= F(layerys ¥4k ot oA IHE F
4 Feol Ad 55l ofsiA v 8] Ao
716 wet g7t o] FoA A E]EP OFSC-flow
FFFY AdoA A8= v vk &
o eJate] A Well YA ZH2te] @AlE 3-way
HMHE o]ga) flowe] WS Ao EHN APl 71
= AT

OFSC-flow FFFe] AgloX= stop-flow H2]ollA]
ARESF 28, 79, 138 nm EE|XE]E el EIAE
= 20 ulS FH3k] o] 50 mL, 100 mLel| 3]4
sl 1 2A E50] F 0| peristaltic HZE 0|83
o:} j}]ﬁ LHE H:L;H_j _4/\454 )\]Jej_g _2’_?:}@ % /v]\
At} o]l peristaltic H2zo] AR AY Ad} I~
E Fxu QEZd vlsiA Alge] o] 7P AAl
eSS 1% = AT

OFSCHH2)ol A AL&-H needle HEE wWxlsE°
T Zol] Ax|ste] Ao X—?%‘SJ cross-flowrate-S-
Hspz] 913 HH 0= ARSHAT

AA| Al ARELS Aol FHI Fyuige
A ESE T3 o R Helsial Ad Wl
o] At

rlr [

l:l NEU

O\___L.

= (opposed flow)
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3.1. stop-flowAl0f o5t EEEEC| AlE 22|

stop-lowd2]e] 35 & &
371 28, 79, 138 nme] IANNE zZH=
g2 ZAEE 308 Qo #eE
AES FYPsHATt. o)t 4
(aggregation)S oJA|&ta 2ol 435 A-R(inter-
action)g 43 o & AdE ZAHSZE 0.05% SDSE
32F Firel ¥ol ARgsksiT

o] AgeA &g 277 Eele Fig 1o YeRd
AL o] viEo R ARl ZHzte] AEEE Fig.
20 VFERARATE, B3 Eej el sjElse] BBt 7
73 (nominal diameter)s} AA| AHL Ea) AAkE]ojzl
A998 27 (hydrodynamic diameter)S W] w3}a2
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Table 1. Nominal and measured diameters of polystyrene

standards.

Nominal Diameter determined by Flow FFF (nm)
diameter  Peak Error First Error
(nm) max. (%) moment (%)
28 26.2 6 273 2
79 78.9 0.1 78.9 0.1
138 138.4 0.3 138.2 0.1

o]2o ojaf AxkEIR Ar|e} APH oz AHYH A
Feo] A7) gt ks I A¥= Table 10 W
ERA AT

Fig. 1, 20 YeRd nje} 7o) 3717 A71¢] RFE
o] & w2 Ho Ao, 2o wE A7]9] 2 B9
1 F 4 AUk

37HA 28, 79, 138nm¢] A71E THE HFEE Al
B E3 FolR Z)eh AA APL o] AatEo
71 A719] 93RK= 0.01%004 6% == JeERA] o]&
et AR E AelE Z2A dethe e A9S
Bl AT AT T3 AP AMEE A
2 5o 7)71E0] AAAY Fegs skt Ag 7

HHo® FIY F Ak

olEA & AFoA stop-flowdd]e] flow FFFE ¢
HHoz AT olgHoz AEollE YAl 2
71sh AgHow doldl Azs A S, ¥ B
g 28nm
5 79nm 138nm
&
Vs e 10 15 20
Time(min)

Fig. 1. Fractogram of polystyrene latex standards. Flow
conditions are Vc=0.8 mL/min and Vout=2.0 mL/
min. Carrier solution is contained 0.05% SDS with
0.02% NaNs.

A3} P8-S Bl Rkl Z7E Ashe Wil o]
4 2 dAzkeAE ARt mEkA] OFSC-flow
FFFE o|&ste] o] Axe} vlwdtomm A A5
2} &-(application) 7Fs43-S A KB YT}

3.2. OFSC-Flow FFFo| 2oJgt s|ME ZFEEZH
=2

stop-flow ¥2)¢] Flow FFFe| a0 AL FRd
=3 3714 28, 79, 138 nm =7]¢] ZF2g@
g2 FEFY E3E 20 ulE WA o5 50
mLol| 34 AJAAM Ad R F9) IS BF AlEe
F4 flo] stop-flowd2le] 35 4 TF
& 2 EE RIS AR wiEE Akl 2 4]
He AS AR Rl 2o wet 7] £2E &

ol

X2
o

2 Al A% %7AL Fig 39 JeERpIT) 371
28, 79, 138 nm Z7|¢] ¥FEH TR A9 50
mLe] o]F el 314 A7l Fof HAFS g A}, 53]
HES A]7H] stop-flowtdale] Azfel £ UAE B
o= Zg FRIT F AUATh HFF AZke] UAE B
Aths A o]0l wEha A stop-flow'd]
2 55 Iyl Al A=A OFSCH
I Aol osted AFH Pk A7|7F & IX
= e HAFE Aol

l

ofr
il

% 2 1o
Ee

Rel.mass

0.05 0.1 0.15 0.2

diameter(um)

Fig. 2. Size distribution of polystyrene latex standards.
Flow conditions are Vc=0.8 mL/min and Vout=2.0
mL/min. Carrier solution is contained 0.05% SDS
with 0.02% NaNs.
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Fig. 3. Fractogram of polystyrene latex standards obtained
by OFSC-Flow FFF run. 50 mL containing 20 uL
diluted 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, Vc=0.8 mL/min,Vout=2.0 mL/min

Fig. 3& %3l OFSC¥2le] 7Feide it &
stop-flowe] Zzke} OFSCH2le] A7t LXe=A&
Rlat7] 9t F AHE vlast A3 Fig. 40
ERARAT}. stop-flow HF]ol] H]sle] thA 71 focusing
A7k wet A 87 FAEE A% BAANE A5
g AR A dEAA] -8 Fig. 45 Fato
gl 4 At

I FEEHo EFAE 20 uLe °lFd 10
mLell 4 A7l Fof] Ad U2 Fste] s 2

(=]

Stop-flow mode

Response

0 5 10 15 20
Time (min)

Fig. 4. Overlaid fractograms of polystyrene latex stan-
dards obtained by Stop-flow mode and OFSC mode
Flow FFF runs.
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Beh 49 2AE Fg 50 UehiRch A% Aol

ABAS SR1e7] glal] 2e] AF Az} 2 AR

= AL o] B0IE 4 29T OFSC-flow FFF
A

NEE T 29 7h) B
Ao g8 Askr AR B4} $12 2714 Al

response

10 15 20
Time (min)

o
(4]

Fig. 5. Fractograms of polystyrene latex standards obtained
by OFSC-Flow FFF run. 100 mL containing 20 uL.
diluted 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, Vc=0.8 mL/min, Vout=2.0 mL/min.

/ ®

3 b)
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o

&

0 a)
S

2

0 5 10

Elution time (min)

Fig. 6. Fractograms of ground water named S-12 sample
obtained by OFSC-Flow FFF run. 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 times are a) 30, b) 100, ¢) 150 min.
Injection volumes are a) 10, b) 50, ¢) 100 mL.
During the separation, Vc=0.5 mL/min, Vout=1.0
mL/min.
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Rel.Mass

e ——p—

0 0.01 0.02 0.03 0.04

0.05 0.06 0.07 0.08 0.09 0.1

Diameter(pm)
Fig. 7. Overlaid of size distributions of ground water named E-4 and S-12sample obtained by OFSC-Flow FFF run. 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 times is 100 min. Injection volumes is 50 mL. During the separation, Vc=0.5 mL/min, Vout=1.0 mL/min.
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o] Egl= Fig 60 YeERriSich OFSC w2lo] flow
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st} 7F AEES fj—”Oﬂ w2k 7Jr7l tE 2ge
fractograme <l & & AN, HFES Aol wet
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o YehSith Fig 7& &t 7} *liﬂ}ﬁ} e 9
Ape] A7) BEE Zh= A 81 & & deH o]
£ St F 7 AR YA 2] #EUF bE
e gRIFFe =N Aol AlER] E49) S-12= AF
3|
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Aol oA kol AlFe] M % Ol f\]
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