KGR PEEE - =8
J. of KSEE Vol. 22, No. 11, pp. 2007~2016. 2000.
Journal of Korean Society of Environmental Engineers

ENUEYOl o8t SHYIN EURH B BT JF

Al - 2T
LET PRSP

(2000¢ 649 23¥¢ 4. 2000d 949 25¢ AH)

Increase of Electrokinetic Soil Remediation
Efficiency using Ethanoic Buffer
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ABSTRACT

After kaolin clay was compulsorily contaminated with Sr®* ion, the remediation
characteristics by electrokinetic method were analyzed. In the first experiment, NaCl
solution was used as an electrolyte to raise the electric field strength. After
remediation for 0.8 days, the pH of the cathode side of the soil column was elevated
from 4.0 to 11.7. and thereby precipitation Sr(OH)2, started to be formed in the
side. Therefore, efficiency of soil remediation was reduced significantly and the 32%
of total Sr’* ion in the column was decontaminated in 6.7 days. In the second
experiment, ethanoic buffer was injected in the soil column and CH3COOH was
continuously inputted in cathode reservoir to restrain the pH elevation. The pH of the
cathode side of the soil column was only ascended from 4.0 to 6.0 in 3.8 days and
Sr(OH)2 was not formed. The 21% of total Sr** in the soil column was decon-
taminated in 0.6 days, and the 33% of total Sr** in 0.9 days, and the 84% of total
Sr** in 1.6 days, and the 92% of total Sr?* in 2.5 days, and the 97% of total Sr** in
3.8 days. Meanwhile, the residual concentrations in the column caiculated by the
developed model were similar to those by experiment.

Key Words : Electrokinetic Remediation, Ethanoic Buffer, Soil Column, Strontium,
Precipitation
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Kaolin clay B4 Sr*'2 2N ¥ $H714 WP 49 EIAILYL $99
oA WA ddez, A e A7AE gol7] A HAHEEE NaClgd & AHgaict
EFAEET 0.8Y 73 F EFEHY FFFM ) pHE 2719 4.022%F ¢ 11.72 4
M 58 EFEEME Sr(OH)7F B4 AaHT. 6.79 <o) 48438 5%
ZE 14 cm Aol gl olFE S g0l AAE FAs0 A% goln A o|FHA ¥
HEol AFEEL 32%] AT FUA Y22, pHY 45 A&y A3 EFEY
ol 244g34E Y3, $3AFZdE 0.1 M CHsCOOHE d&3H g F4gct. B
14 cm A% F£9 pHE 27]9€ 4.0°1% 24 4¥e] Bue 3.8474A€ & 6.028 4%
&t E el Sr(OH)2& BA4HA &ttt EGAGAE 25 0.6Y¥ Fole EFEE W
27] %29 21%7F AGEINUL, 0.9Y Fole 33%7 AGHUT. £ 1.69 27 Fo&
84%7 AGENR, 2.5¢9 Folle 92%, 28x 3.8Y Fol& 97%7t A=A, £ e
2o o3 AdE EFEE Y AFFES EGAGLY Fol 2HF AFeEe 499
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7HEFl Al el Yzt w28 B3 ¥
ZHAY A AFE 2AEA S R o8 ¥4
AL FHEYG] 2dd + Uk EF 23 9
A=A E A AY 2ol Haxd 7
8 Eute gAAlD SYA] FAESLS YA
YFoz 248 F A7) W&o $EF, IYE, &
EEE 223 Ag 59 HAEEFE 29EY
3t EFAD 71E Ndo] Hasio)

A 1087 AW FAME He g 249%
EYE B3] A% AR J1EE Ngssto).
E YA (soil washing) ¥EL Ho} & EYY
2o FAE 2HdEAE 88 AL S FAY E
Fo2RE REdte slold, A &S FUAI
71 93} leaching agent, surfactant, chelating
agent & FH7MAZ A&}, Solvent flushing
UHe AU e s EYEE v go] sty

o, edAge] v ¥& W, 28n LHEYF 9
YTES IE Fo] AXNE o L AFES
< Eol7] S8 H=9l AFGA 5& AHgET} of ¥
Hevad B sAEEs) & AFoA &
Il FH, FH/NE PYHL FUANEEI} B
2 Ao H88 = Yz HeAY oz oFdE
o] ¥25A gon AR o|$AY 2F 7Hedt
.12 14713 el @ 2o A4, A4
ol AFE 298 EY YFd AANN 2 AFAY
€ TN EG Uy WA EL T2 A 7}
A Ao &) olFE}. AREe AVATR ¥}
g AAe egBAHo] AFFo 2 52 A FY
2 @doln, FHAE AW st g7
At A8 o)Fe|n, AHAE stdd o)
o] AZ1Z WA 2 el Aol Foln},

2 =®dAde 53713 AQRANE AFsin
kaolin clay E%¥€ Sr** 2 e dAIA B =3}
o A JZ AFo) AYE 71t U A DA
¥L st FRE W9 pHASE dAEs] A3
ZASFYE ALS3HRT. AFT B SFoA
e e #AF, %, pH 52 &Fs3n, ¥
ATE B3 ESUY pHIF EUAIGe vxe o
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SA7A o 2l ESAIGA BEFS A7)
o] %, t&olF, #7]4F(electro-osmosis), 12
o A7]%9 F(electrophoresis)°ll 28 o] FHET}.
A7)o] 5L A7IAU Y EF T34 U EAzte
o] &9 o]Foln, Yo]2 & FFoE o|F3x,
Hlgo] golge FFoz olFrtt YHolFE
AY G2 Bol dv AFEY FUA A A
o} 3}atEo] e FYZ o g o3 ot A
NA5E 3 el fAd stad WA B
o] F 2o e AMeLAS Atelo] 43 z-E Yol o
ojdtt A7|dFE Re FUAERE /R EY
el A fAl2 oleS WA 3o JE U AY
atgol] 423 @t ArNGFe EG-AA
EHE Yo HaE @ F2ol=9 ojFolth uA
Aeie olFol AL Wyl P, B of2
oA A7dEol g o) Folle AV dA. F
A7) 2F o A Fd AA3] dEEE oE3 2
o},

BetE o] 4L fAMEYS BH =28 &
don, 2ME 2d& AHg3te A AN E
thg3 Zo] gt FAER ut WINFESEE
Ut 4EEE e goz FAECY AIEES
¥ Helmholtz-Smoluchowski2] #4222 A
Argict ¥

um=—:2§-V¢EkeV¢ (1)
g7

4714 Ut 71T 9F $%(em/min)el .
ce 3349 AN, (& =% A
(V)olx, r & RAER da d4d3e 120 &
gke 717 2L BEY AFeln, pe BT

Ao o TV EFEY Ao FU AT 2009

o] AAAFelY, ¢ FA7IAA(V)elx, 22n
k(m%/(V - min))& 299 £3349 Helg ¢
3 ALgE fA VAT FEFEAselt. 2T &
Y& EE Darcyd] PALZRH Add.

u,,=—§;"l—vpsk’,,vp (2)
A7NA une g AA] 9% £E(cm/min)ol 1,
kne 129 #eE4%(cm)old, ne FFEol
I, pE ¥4¥(Pa)eltt. =, RE FFeASF
k'n(cm?/(Pa - min))€ BL 93 FJPct. 3}
% jol g A1 FEE weilem/min)€ W3
g ®

ta= —vi2iF-St =hav ¢ 3)

aq7]A o]F&Ee FEYT BHEHY, vie B
Ty goz A $E2 FYHE F% 5 (mobi-
lity)el3L, zE A8, FE Faraday's “d°l9,
ket FERFESASF (cm?/(V - min))olth.

ttgog B2 £d9 E fFEA W &
e olele] Fickel YA o2 EAHT.

jd,= __?z—i vC; (4)

4714, jut B2 AE & #5&(mol/(cm® -
min))elx, Ce F3FF e HEFo E¥:
(mol/L)°l®, Die #2AI4(cm?/min)oltt. th&
Aol F ST FY3A, & 3T A F K
FEL ofeel gt

Ji= (um+u,.+ue;)C;~% v(C; (5)

E¢ 48, FH718H, 2201 $Ee) Ao ¥
A,

ji= [kt kY 6 +RAIC—SEvC (©)

Q71A s osiAAet #3AF i9 & §FE
(mol/(cm? - min))°lth. ke, kei, kn, 283 D/ 7
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€ AlZa} 3ol mel Wate Algelnt, o] f9] o
FTBE ol2Fxs ojH AR T ¥l T},

2.2, [stEEY

AL Ao nAYe R5E XS o
T4 iAo §FE Fyo] el AFREAL HE
o F=Ech F3td 3Ey o5 e FAEL,
Gauss®] E4tol &2 € ¥yl s 3 &34,

aC+CH | .
—a‘t_ V'],'-—R,' (7)

C% (mol/L)& &4l WolA 83 i 855
°|Z, RiE gz A% 3AF j9] YPFol
o FAHLE o)FAE A¥se AL ol o
oo siushd, 2ehibg2 o)A 4 Bk g4 we
7] gEelth. £33 Mdel e A e 24
HE 3ehkgE B3 REE o Agez o5
A€ OA Yo e, AFRE dad
TAHE, HEFF T 98 PPes Fodg,
T 29 7t FHdstoltt. =8, AYP BHESY
HELS AP FES nAFZ 9
He, BE 4L o3 2o

Ti= T aw(CHCD,  Vek=1..M (8

q71A, axe BEEFY kol B z+ etEe v g
o, N& 3359 Folm, a8z M Al2®
o A2 F, F BEFF Foi}, o) WYL ¢
SAFEE Yoz dudct oA (4] (7))
o anE& F83 i L BAIEY,

ﬁ l‘(_.a_(i-_*’ﬂ.d}.v.]".=Ri)’ (9)

Vek=1,...M

a2y, Z 949 $AFLe BEHuR,
glay,R.‘= 0 (10)

- oL 4 (8)E AMEEt 9 A g ThA 29,

5T,,+ ﬁas&v <Ji=0, Vk=

1,..M (11)
AF HEFFN F RTES Ugsa,
a(C.;"C?) "

gla,-,,v . (uw+ u+ ue,)C,—% VC,’) =0, (12)
Vk=1,..M

Ego] F2E 3ehEe 4 (13)3 22, 4 (12)8
oAl 23 4 (14)9) 2o ¥

C?= %K,,.-C,» (13)
aC; k
_‘(1+ 'eKdi =— ﬁﬂ’i&(%v¢ —ﬁ vp

_ Q D; 9%*C;
V2 F ) + ﬁ)a,& 1’2 az

Ve=1,...M (14)

A71M Kye BujAISo)c},
2.3. MstHyn Mo1¥ 5o

T84 W27 W) EFL F4o)7] BB
o, Alzgl W] FAHNLE T,(C/md)E £47 1
AHdelel slgtFog v 8 4 Qo)

T, = F $z(ci+cf) (15)

A71N, nA e e 1FF L TN, EY
o o]FZlX e FAHsE OojmE,

F glz,-c? = (16)

E, 99 43} 47153} 2do] 2ANA,

glz,c; =0 a7

YA 4 (15)€ o3 o] o}

T,=0 (18)



2 (17)olY (18)& AH&3td, o584 34 3
e deggdez gxg + o,

24, =71 ¥ A=A

AollA Foi 4 (14)€ E7] A3, A28 27
% Az Yedn, IH2EEEF(SCl)o
453 Yol FF3MA 2F=HU) W2l FH 4
e 7] 2 AAzAL G gt

«0,x) = C,, 0<x<20

C(t,0)=0

ac —
-5(1.20) =0
¢ (¢,0) =40(V)

2.5, 3E Y

FA7H EYAY ¥ ESEP U9 AR/ 9%
TE d&3y] f4¢ #AZ=E ALY o 4
(14)8]  Aupg o) A dAY IZE=e
FORTRAN 77 Q1o12 243}, Linear Basis
Function® ©]&% Galerkin #8884 ¥ & A18§
ou, AlZtolE-E 943 Implicit Difference Scheme
£ AF-R 31, Tridiagonal Matrix& A 4}+3l7] 43}
Thomas Algorithm& AF-g-3t}.

3. EXNGAH
3.1, AEs &%

zddge o YWy Table 13 At
Kaolin clay® bulk density(op)& Al2e A= 3
Fe FAFRAZ UYrol § glolth. FFEL 4
1-(po/ 0s) 2 TR 714 o5 ATFS Ax A
Fe EYYA B2 Upo] & golo. g
() A8 X9 (V,E AAFH(VINE YF
of ¥, BulAF(Ky)E Kkaolin clayg 48 F
=9 §r*°, CI', Na* #9402 ¥347A 39 5<¢

Z20g34d ¥ FH71H EGFERY A% FP AT 2011

Table 1. Parameters for simulation

Parameter Values

92.8 cm X20 cm
0.77 g/cm®
96487 C/mol

Cell dimensions, L
Bulk density, o»
Faraday's constant, F
Electroosmosis velocity, 1.7%10 em/min(0.3 day),
&t 34 2.7%10°® em/min(0.8 day)

4 Ox 4.7%10™ cm/min

(after 0.8 day)

Potential at the anode o0V

well, ¢,
Potential at the cathode 38.2 V
well, d2
Porosity, n 0.615
Tortuosity, r 1.2

Distribution coefficient.  0.53(Sr?*). 0.1(CI", Na*)

(mL/g). Ka

Sorbed Quantity(mg/g)

0 1 2 3 H 5
Concentration of species in equilibrium solution(g/1)

Fig. 1. Distribution coefficients of Sr?*, Na”,
CI” with kaolin clay.

7)o Yol WHPo| =IEE kA F 23}
kaolin clay® 10 g 3t 94 Ee]7lqdl ¥ <
1587 7H5AAH 358 9E kaolin clayst ¥4
7la 3FdE 3 dAEFFREYeE FEE
3. $3E &4 ol29 HYFzd dF F
SEA4FL Fig. 13 23, EvlA$E Table 19
R

ESEE U9 2% Fe FFE Table 29 21
FF49 U9 sx e C& AHE3sld BAYPY. =3
ESAEU EAS EEFTFL TE AM83sq HA
Pk AlYG A4 A EFEY FF5EY W9 3T
Fx+= Table 3% Zt}. Kaolin clayg 0.01 M9
NaCl#} 422 Azl ¥ kaolin clay®l F5
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Table 2. Symbols of species and conserved
total quantity

Species conf:, in Symbol Conserveq Symbol
pore solution total quantity

H* C Charge To
OH Ca Sr T
Sr?” Cs Na Te
cr Cq Cl T3
Na”® Cs

Ca?", Mg?*, Fe®* e

Table 3. Initial concentration in pore solu-
tion used on simulation

Species Conc. (mol/L)
H* 1x10*
OH" 1x107°
Sr?” 6x10°
or 8.9x10%
Na* 8.9x1073
Cca®* 2.0x10®

4L AFHst pHE &Y 27 40014} =
& T34 el sr®*, CI. Na'9 27¥=&
Table 37 2t} ESEA Yo FIFEYolM 9 %
o]} Jol29 FE& Zolol g} Kaolin clay
o] JE Mg?*, Ca®*, Fe’'7} kA3l 2389
o o3 &&= REG Yol FTE HFAH
FLE To =08 UFAI e Aoz Algdh

To = Cl_ C2+2C3_3C4+ C5+2C6 =

3.2. NaCl 8% ALEA|

2 8719 kaolin clay® W3z E3lof] ¥ag
0.01 M9] NaCl#} SrCl; & o] X3lg HE
AE 150 cm®e BET o|RE &9 WO EF
2} TFF F Sr¥*ol kaolin clayoll F3 %Yo o)
E2xE 8718 Yt myNltylo] W1 3Y3 myt
AlZich, @y ¥ o] X3 ELFE EFAIREHA
columnel X4 oA F ojuf, HIEY
W ol EAlZE B3R FEE FHI) dAFEA
A 48] kaolin clay® FYRAh. Fig. 25 48
2 43U Yule E¥E AL Hol7} 20.0 cmol 32,

Titanium
Electrodd

l‘— 20 cm —H

Fig. 2. Schematic of cylindrical column.

273 & 2.8 cmoltt. EYEHE FF Bolv 9
7b A3, BE ¥F9 AFE Yole Helga ol
X ¥t e B 123 cm’oln YL
A& kaolin clay®d] FAE 94.8 gold, =&,
kaolin clay& ¥3lA17]7] ¢i8] €88 001 M &
4 &F2Z kaolin clays] 2= ¢ F3 &l A8
o AL A 75.7 mLelitt. o] EFEYPY @
£ FFol g IFL 3o ddg st &
HEYF JALABAE F7] A8 FZ ATl 40 Vel
A¢E 7t FAa, ol AFE ¢ 0.1 mAS e
Wk,

A7138E =o17] 93 Asjd4de= 001 M
NaCl& AHE3tct d¥z7)o) 48 A2 ALz
€ Aededog A 9m FFoM &Foz A7)
ATl oJa) §Yo] A% FEnE FFAFLE S
Fo & o] MA AL AdEHoz F93
o ZFzd HYFA LYo 715 AEE Y.
SATE A% dog YL Yo, Fr|dez &
59 S 23%n, dAFFLEH L A1_E
o 24 WY S F2E R

EFAG 482 5 F3UT. AUAE <+ 6.7
U FYPou FUikE 0.8 At FHFH. A
A48 ¢85 ¥ 438 W EFE #53H U 2
F5E2E XRFE A48t £33, =% pHE &
Bt 0.8Y °|FHEE FTFEYY FESES
uj$ Ztoton, Aoz RE ) §259 S 5
TE o ZaHUT AQLEEL 6.74% £PP
on 6.74 o|Fole HIEY 2352 pHI} ol
A Sr(OH)28 AHE YA BE F349 /%
Y FE7t ol $ ol Y AP EF W) st A
HEEC] ¢ Rolxl2z AGLE L S8y, §
HAe] AIAPE v F FdY EYS ¥ ETo
2 #F3HA 83T 10 g9 EYE A3 XRF



2 kaolin claydl 48 Sr¥* ¥2& 234
3.3. ZAAE W ALZA

pHE A7Hel7] 913w o2 JFR| 4= 0.1 M9
CHsCOO &4 3 A 4=0 0.1 M2 CH:COOH
248 Hrisldith. BEdEY ole pHEF Y2
A 0.1 M CH3COO™¢ 0.1 M CH3sCOOH®] &%
¢ FY3Act. EYAYE 492 33 2ol F
g3t Kaolinite 4&(Kaolinite + Ethanoate
@3 A3t Strontium ion £%4)E F¥lsted AR
A F Y FBol AT ALE 78t EHA
dAP e syt 33 FIFAF2Y Foe &
20 mLelth, A¥& A&E o FFAFZN 0.1 M
CHsCOOKE 19 mL A$xn S3FAFZzde 0.1
M CH3COOHE 13 mL &t A8/ ¥ HH
el FFede AVARHEL A8 FSATE
Zog 29t 2I3AFE/ 4 19 mL BAE A
AAA, APE FAT F SFAFZE o &R
A8 F3 FFsn, Agz &4 F 4 3 mLE
AHs] B o] AHE FYSS ZE HY
< 983 g e AAFRREYE A3
o g Yo ~EEF FTE FAYL. EFAY
Age obd & AP kaolin clayd 62422
MBIzt 2ZbollA 10 mLE MH e, o 158
5 YARYNE AHEEY 35dE YA
o]l 4% Wl got e 2EER F=E FHN
t}. o] 482 NaCle A% 4¥ Boh P
Ao frZ&eo] B wol AILEL 3.8YUT
T FHRYPG

4. 20t o 0

4.1. NaCIg At8% EYNgay

ESAELY A £33 EFEE W9l kaolin
clay+NaCl+SrCle8 pHE 4.0, & AFz W9
NaCl Asije] pHE 6.501¢%. 28y EFAY
Ay AF O A go] FFeME Faol2 W
£ Q8 pH/t WolAn, STl E Fatole B

A oo ot FA7|H EFEY A FU AT 2013

22 A8 pHYt gotAEZE FFAFZAMS pH
£ 1.6, 3AF 249 pHE 12.92 ¥3AH.

2H,0—4e~ — 0,(g)+4H (anode)
2H,0+2e~ — Hy(g)+20H (cathode)

0.89 o3 RE e FF8Y9 |55zt w¢ &
olgon, APozRE e R24Y S FEE o
£ Z2HA. o olfe 0.8¢€ A3 F Fig. 34
A 4y F3oM % 14 cm¥E AHTY FHE A}
olo] & kaolin clay®] pH7} 12 717to] FopAH
A Sr(OH)29) Aol BA457] AZkgn,' o A
Aoz 3 Y e EYL dsAdA Fd
Tx7} ZolA 7] EQ ez Alsdd 6.7H A
I ¥ Ao 3% pHE < 12.628 F7H0

8, EFEPel F}1¥ 0.01 M Sr** 84 E
ol F2€ ¥ 0.006 M Sr*tute] FZgAe &
gtet. o] FF84E A st NaClg b8t HA
A¥<S k. pHIE 12.62 ZobH& W <o 73%9
Aol A7l 27% Tro] & o Eteh, &, A
A X AP 2389 WY srP'E 0.006 MERH
0.0016 M2 ZasHe A2 UEynt E=3, Ad
Ay A3 A7AF o FFEY] FFSEE
Table 1olMst o] 0.3¥7AAE ¢ 1.7x10°
em/mineli, 0.847HE 2.7x10° cm/min°lA
on, 6.797€ 4.7%10™ cm/min VR

Fig. 45 AFAIZt Ao & EFEYE Yo X
e # ot 28 UYEY 0.89 FolE EY
AP e 27] 559 25%7 AG=HA R, 6.7¢
FolE 32%71 AN, & 270 EFER

...........

10 15 20
Distance from anode(cm)

Fig. 3. pH measured at 0, 0.8, and 6.7 days.
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g 0054
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S 0.02 i
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B~ S,
% 0.01 gromrdem e s s
R R '
0 5 10 15 20

Distance from anode(cm)

Fig. 4. Distribution of total strontium concen-
tration in soil colunm versus time.

U Sr**t 3L 66.4 mgolUn, AQAY 0.8
d ¥ 5¥dY gtoz 429 Sr* £3L 16.52
mgel®, 6.7¢ ¥ E¥HY Yoz f2d K &
F 21.02 mgolNtt. 6.7¢ o] nda Ay
A% AFFEEXE aFAM BFo] pHI} &
EFEH9 14 cm A AN E ¥ 0.055 M2 o) $
EA JElRT I olfe HIEYG YREA
Sr¥*o] @3@ ¥ o]Fale pH7} £€ 14 cm A
oM AHE P33y A& ¥ W&ot} 6.79
ol fETY FY ¢ FxU) Yol Agas
o] F3] A=At NEd md2 Adg AH W
o] ZRFxel Ui &3y AGAYF EXBY
o & AFFEEE XRFE AH 249 A¥un
MR 433 dx13te Rog eyt

4.2, ZLAFUE AISE ELHEAY

AY9 14 cm 9% ¥ pHE Fig. 59 2]
Z719& 4.0019 24 A¥o] By 3.89 Foe
@2 o 6.022 4edtAnt. o9 o] FF Yo
pH7} 271 W&o Sr(OH)& FAEXA gsith &
FEE 5% B Udee REFE A ¥
=g 23% 2dE Fig. 63 U, 2U|2RH
pore volume 0.12(0.69 A3 74A] F&59] Sr**
FEE 0.018 M2 71T olA L A3 35
do] 7] Sr*" ¥E 0.006 METh < 3¥) & ¥
EolBZ o] &olFo] o3 Sr¥To] o]FHE ¥ 4
Att. Pore volume 0.12%E 0.15(0.9¢ 7237}
A G =7 F43] F718t 0.037 M2 27
538 FEEG o gulE wSio 23y 7&F

pH

T T
0 5 15 20

10
Distance from anode(cm)

Fig. 5. pH measured at 0.0, and 3.8 days.

0.040
S 0035
0.030
s 0.025
.
0.015
0010
0.005 4
0.000

Y T T T T y y
0.0 02 04 08 0.8 1.0 1.2 14 18
Pore volume

Fig. 6. Strontium concentration in effluent.

T& A #43le pore volume 0.42(1.6Y A
7R & o 0.02 Mo}, Pore volume 0.72
(1.62 A2a3)7HAe FEFEr 0 Z4ado ¢
0.002 Mej%ltl. Pore volume 1.571A& <k
0.00035 M(3.8Yd A#)Z 27|% % Bt} uj$ @
< FE& Yehdch

EF ALY 2 AV|ARC 2% 2F 899
FE&EEE Fig. 78 2o 1.097A& 9 8.68x%
10° em/min®l 2, 25974 & 1.84% 102 em/min
olien, 3.897kA€ 3.27x107 cm/minZ V}e}
ot o] W el e gl APAlztel 3
T3l et FFEAe RFEEE A Frtste
Aoz el

Fig. 8& EFAY AL Aol 018 EXAFE Y
of 5% F " ¥=& Yehdch Fig. 82 Fig.
3Fte g8 49 Fo EEY Yol pHztol A4l
so] o) B3R Yomw HfPA Lo wA U
etk &, 0.6% Folle EFEE W9 27 o
Fe 21%7F A=A, 0.92 Fole 33%7t
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Fig. 7. Effluent pore volume versus time.

0.012
- * Experment
S 0.010 m—
c
S 0.008 [o8aay ] -
I
8 0.006
5]
g
E 0.004 \
£ 0.002 a g ’—
g S - - []
P 0,000 $:= - i, s
——

Y v T y T T y T
¢} 2 4 6 8 10 12 14 16 18 20
Distance from anode(cm)

Fig. 8. Distribution of total strontium concen-
tration in soil column versus time.

A=A}, £3 1.69 33 Folle 84%71 AESH
Ax, 2.5¢9 Feole 92%. 28ln 3.88 Fole
97%7} MG A}, thAl TeH, 2r)d ESAH
of A% Sr*t £FL 66.4 mgol . AILY
069 ¥ E8d gloz #29 S %2 139
mgel™, 0.99 ¥ E¥EY %oz 728 S &
Ze 21.9 mgolitt. 7, AIALE 169 F E
FAY woz #2% ST FFL 55.8 mgolnl,
259 ¥ EgHY gto g §29 Sr*t %L 61.1
mgol R, 3.89 ¥ E¥EY %o £28 S
3%e 64.4 mgolUth AELdd F ESF HE U
9] kaolin clay® AWA 65%3+ kaolin clay9]
2389 el st =& 233 dFE Fig. 8%
Z2n 2dz2 A gk 49d] dxdc. aga
2 pH 4% &F9< A8 EGAE 492+
3.89 A3 ¥ EFAE W9 St %9 97%7}
Ade e Aoz vebgnh

At 3ol o TN EGEY A% 3 4T 2015

5.2 B

NaCl& Asd2 2183t S o ESE A
A3 27 0.84 A3 F EFEYEY 23F FE9
pH7t 2719 40228 ¢ 11.72 A%3HA
Sr(OH)27t B4 =7l Al &gt 6.74 ¥ E4E™
GRELS A AIGHIYAT FFolA 14 cmH =
A e A WL FAQ30 A7 gl
St F2E o 0.055 MZ wi$ =A Jelgten,
a2 XA JEES A 27] 29 T2 Z0] 0.01
Melx, ¥ AYAELS 32%° £33t widoy,
pHe] 45& AAA717] 93 ESEYE W 35
£HE 24 Aoz RENARD, FFAFFAe
0.1 M®] CHsCOOHE #7322 Yol pHY 4
=€ 4AAZAY. dH9 pHE Z7]d€ 4.0°192
U dYo] Buve 3.84 Folle 9 9 6.02.2 4
%8t Sr(OH)27t B4R sttt EGAIAAH
23 0.6¥ Fole EFFE Uy 27 F =9
21%7F AY=HAL, 0.99 Folle 33%7F AFHA
ot =3 1.69 A3 Fole 84%7F AFHAUL,
2.59 Folle 92%. 22lx 3.8Y Fole 97%7t
AGSAt. 3 JLE ARFE AF 2do 9
g AN EGAIGA el o3 AYghe 433
dx) Pt

Ab AL

g A7e Arlene dAAqle) dgos
Fysigion), oo =P

o gs
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