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SYNOPSIS : Physicochemical phenomena in soils are dependent upon pH when using electrokinetic
extraction for the contaminants removal especially for heavy metals. pH variation in soils is affected
on H and OH ions produced by electrolysis reaction and buffer capacity of soil. High amount of
heavy metals are retained in the soils if the soil buffer capacity remains high enough to resist a
change in pH. Therefore, accurate pH estimation of soil is important in the application of
electrokinetic mechanism for decontamination and understanding of subsurface physicochemical
characteristics is also required as well as considering buffer capacity for the enhanced methods
application. For these, buffer capacity and pH distribution were measured for the four soils, and also
compared with modeling results. The results of buffer modeling were good agreement with
experimental data. It is showed that four soils were effected by buffer capacity
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1. ME

A8k Yo EAste F55 T LEEFZS AASNI] A8 electrokinetic(e]dt EK)A 371 HE A
23 A$ 2 AL pHol A & EAE Bt LF9ES AAGY] Y3t Aute) A
FRAZIE FA H8 FdolFF e Folde oF S s AVAFEEC] T F(Mitchell, 1993)
3 FAG ¥ SIFAM HAZENR A Zz Hol&3 OH o]0l HAsA ot 1ZEA Yehy
£ Hol&m OH o] &2 v&dA Aute pHHS R 7e A olvz Ak ) 28989 AFd &
P XA g HAcar, 1989).

o] Auhye pH Wale 1xF oz AVIEHE A8 F FolA LAst= H o233 OH of29)
7t A GFE woen Fo FAUAAEZ ALy T FIAEE AW U EAEE SFF4 9
HFME FFL A Ao $FFE AW U LPGEY FY AFHELELE olFY A FoE U 2
FEY 23 29 YA FHHA 2HEE AW, AR o FAE 2FGELE gF, o)FAAF
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: e GEFE Wl o webA, EKE 488
&g HE dotokdt At o B33 zhgo g olsie}, A7 MR §
BY £ Jomg 4552 1AW AHY EKS H&4 sete] sy

=

Fol pHE WA 5 e Aol 97149 EZo) /=W pH¥E 7 Sutg S A3tx g
o] Wi, £& pHS w3l A&gstA Ho o] & &35 (buffer capacity)o)d} 3t} & d&%L tlg 2
(DI Zeo] Jet=d, 99 pHE H3A7]5d Has Zioly drle }’;‘:i Aol Hrt,

dcC, dc,

I

B="H = apH (1)

A7, Cp  BE719 FEmol/L), C, : %29 F=(mol/L)

pHS Wsgle] AFgse Fo HAYUESS o8 APHY AT (Van Breemand?t Wielemaker, 1974;
Cang et al, 1985; Singh and Uehara, 1986, McBride, 1994; Curtin, 1996; Menon, 1996; Kim, 1998)%
53 CEC, E¥Fd e AFuAd, FAGsilicic acid)# 2 4, §7123, AP Fe’' 59 ofole
2 34Fe Hy OH7F 238 £ Qe fFEEq, A2 55, oley Aszy 2% 59 4z
T 9EI u glon At o2 Fo] TUNSIFY AED %_‘2 3 Bl Y

AAEFLRE S 2AHEFS ) Fo FUMSIEL FAH(F2o2)9 A3 (protonation)d E# g
(deprotonation)® F&4Ege] AEE ZAASIL FES HF53e A A Ao ZAdE d3¢E vl
A% (surface complexation)o]| &= F&ES vl XA "ok, gztel 2

{dbﬁ_. i S OH}[ H+]
{ =S-OH;)

ar_ 1 =S-0") H']
K=—""=s-om)

(2

3)

I

A7)M, KX K% : %9 ZB7] BEA5F(EH), =S-0OH : %S IE(E e mol/m?),
S-OHy' : ¥A&gd EWFA7] 1E(mo/m®), =5-0" @ 2¥2sE THSA7] 28 mol/md), { } 1 &
o g9z a3 289 239 FE(mol/m®), [ ] A9 %% (mg/L).
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%55

tlo
LY

S WEIFS FARE F4 FYARY FF BT $FE9 BIYL thed gk

(TOT=5-0H}={=S-0OH,' }+{=S-OH}+{=S-0"} @)

d,* A, C N )
——— Fo ¥WWUE(m?), A, : £9 u g9

N,
slR7tEZ 9l £(6.023%x10%mal™), C, : £ ¥ =(g/L).

_Bi
a“’
Z

o714, {TOT=S-OH}=
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K% K% 3% 47 98 ARANEL 53 32 dogzre ZuAstse BAS o439
259 @& ZFA Foh(Stumm and Morgan, 1995). HAANHEA ¢F5eS 2T AZFAHY Yo
A hen e A AHEE 5 YrhKim, 1998).

ds'As° Cbc' Cs
N,

Ca - Co + [OH] - [H'] = (=S-0Hz'} - {=S-OH )+ (5)

A4, O & EFTTE
Fol WERAL ¥R AW BUH o= e 2o AN

0 = QFd" 6)

o}7]A, F= Faraday 44+(96486 C/mol)°]t}. 5‘}%( he point of zero charge)pHp.c= FE Bl A2
% FAH(zero proton)Fefol &3t B ,«l—— Z2 053 & 2VIMAHARAS =YEd Adde &
olstA & 4 Ut :

Q = {=S-OH."} for pH < pHpe , @ = {=S-07} for pH > pHpe &, A4 Y =S-0OH
FEN % ForE (=S-018 FAE = Jd32 971489 e (=5-0)2 Fx7t 9 som
{=S-0H:'} & FAE + A9 28E, 4(©2), @ L3 7o) vehd ¢ ok

o _ +
g~ {{TOT=S gm DHE"T 450 bH < pHye @

app _ QIH"]
Kp B ({TOTES—‘OH}——Q) for pH > pHpec (8)

pHY oleZEs}t 2 349 383 YAolu FA8Hd Jdgua) &= KPP KPP o 1%z
logK ol EHA3 o9 FHANAN HPAHYE o] &(Stumm and Morgan, 1995)3] ¥ F o] 3t
o] g8l HAPITHML wdsz & 5+ It}

tlo o

2.2 EK¥3A| pHEZ 2Hg

EK&A & SFellA g3t 0]29 4L Faraday HAE ol &8t b 2o AL & & g0

RH+=-%L, ROH-=—%1- )
FAEes TEST ZFA-7d 7] wr2d o Shapiro $(1996)0) At mdg o] g3 g
Zo] {H')s {OH}o)2 9 o5 wAds FA5uES vebd ¢ gt
+ 2 + +
j%{t—L=D*H+agI;z Lo a{H g, - uJ+ Ry (10)
d{OH~ «  J*{OH"” {OH"
{OH"HH"}=Ky (12)
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A71A, Di : €2 i BAAF, vt AREE, ug 1@7NE &5
[

Pk 2 ( a§‘>olq.
FEGNASF, A7) F5A, ol ztzt BUdhn AR 2(10),11)e AFEHE g o)
UJEtd 4 9o
aC, , 0°C,  aC,
x Dy~ 922 3z —2[ug—uJd+ R, (13)

Cats A-72947] AFE2ZM C={H'}-{OH}Z Yetili pHE C.ot B9 o] 244, Ku2 3 A%
o] Hl™ Ci<0, Ca=0¥ 9 zt4 G35 Zo] At

,/ 2 _
C.<0, pH=ijw+log{ Ca +4KW Ca] (14)
C.>0, pH=—1o [“ Ca +4KW+C } (15)

3. &8

2 dTdAME A FhEeEUo]l E(K-H), wAAEA FleaUolE(K-N), Z2gthit 7Ly E
(K-F) 281 Ay dBHolEI-C)E & A2 st HEHY % EKEE S FAsAh. Adol
ALgE Fol BAX S} HAAHEL <E I>~<HE 2> 7 A AT

<3 1> Soil préperties used in this test

Liquid Plastic Plastic Specific CEC pH at Specific Surface
Limit(%) Limit(%) Index Gravity (meq/100g)  w=400% area(m%/g) Uscs
K-F 45 30.89 23.61 2.64 45 58 24.25 CH
K-H 38.3 278 105 25 5.52 7 15 CL
K-N 60.0 38.8 212 2.65 1.7 45-5 ) CH
I-C 71.2 45.6 31.6 2.71 40 6.5 40 CH

<3 2> Chemical compositions of scils (%)

S0, ALO; FeOs TiOs CaO MgO KO NaO MnO  PiOs ggi"t";‘l‘é
K-H 488 3553 103 018 269 015 061 065 002 003 103
K-N 504 355 0.25 005  Trace Trace Trace Trace - - 84
K-F 4573 373 079 037 018 0098 033 0059 - 0236 3"
I-C__ 6801 1843 317 038 008 03 460 070 004 004 09

r&‘z

248 AAE 9 EKASES Hugel o) /b Fa8 89e pHANAH F9 -9
@ pHA AYHQA BAZ ) Al oF H4AYE Fof ohask arl 43T
A AEE & FEE 50g/Lolw Aoke WAHO.IM HNO)FH +45UEF(0IM NaOH)E AH83H%
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- AE ZF pHE ZHE 280 @AY & pHRtdMED 9550 54 ooz Aote A
S A™sA A AT 42 A G477 BrE 7)1 DES F 24X EES AAFY L pHY
542 pHUHE AEIG A Y YolX 8920 [(KS F 2103-88(98), ASTM G 51-84)] o}t
< AZE A A8 di& wE QA
EKA SN E o A E Adsy] o) ndsadee] A8d 208 &£ 4IYAA 10cmX
JA A9 FFEE ZEE 3 F AYAAE 1V/em 94 6}&1 12dz 48
TR FFH 59 A5z pHE diEk 4x vt 2451 o *'?a&& ABE gEEOZ
Tt} A2 pHEXE 33T ¥ 2d3 A330 vlnsgden) 9254 oisl Yong(1992)0) A
Alg AL F9o) GHCEC (24meq/100g), BAFE(9.7%), $718(19%)18 & A2 ze vl mstgd

14 ;, pKs
10 12 F
L]
S 10 }
8 -
£ 7T
T 6 g =-1.1689x+8.2152
= 6
4 y~-0.4271x+3.53
4 r M
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-100 80 60 40 .20 0 20 0 60 80 100 -3 -2 -1 0 1 2 3
0.1M N&OH emol/kg soil 0.1M HNO3 Sutface Charge Density o(C'/m '}

<% 1> Titration curve <1¥ 2> Relation of Surface charge density ¢ and pK for K-F
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<29 3> Buffer capacity curve for soils <29 4> Buffer capacity vs pH
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<39 > UYL T 2 2HTAY ALYYolE 3T M FTS Bol: ww Ag
JEE 2 $FSHE RAFR Yok <29 2>& 72 NEe Eudste pKS) #AF thudos @

Aokt shg ol B oha)A g Eolt, olsh e aEelM P& pKEE o8 R
F35¢ <Y DA Hog FARGOH FPAG T AAAYT. EKel 8 ARWAH 2@H =
PHZHE o)n) 9& $359) 4839 84S ¥A LY 714en pHEE =gy A san
g Uehte @359 2718 ded g xoln. Ydtolest A
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FGelN BuE 2 2e nolu Yom A n;cz & %% e UEsit. <29 49 go| @
%< pHatol wel EASE A deto|Est M ANas FFeeUolERT pH 4~TAtolol A mo}
2 g Gehigs pHA 4°10Y WE SAEAT BANG B4 935E nes gone Ugo
=% Ad4 N2 EKASAGE o8 nesior @ Aoz nudn
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<2Y5~8>L HEPel TRE F AU pHEESY Z2d&XE g4 Jehd g 2ol
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<22¥ 5> pH distribution in K-F after EK(12days) <213 6> pH distribution in K-H after EK(12days)
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<2g 7> pH distribution in K-N after EK(12days) <22 ¥ 8> pH distribution in I-C after EK(12days)

Z AEd g SFeH R4 HEAHS BV AT HALIS EKAEE §) bsd 2e BES
de F AN

1. Aadzgs 3 vehd 71EYPUelEx 5% Holrt unistgeon detolEE shEEolE
B 2 %S HEAS ol JIEEFAANZ CEC#Y ztoldlA 7]Q1g o2 Alss™ v EWR
ol & ERTAY FEUCET} T2 JISAUCERD $5%0] IR ¥ AR Hel 4F%
of g Al EARA e FFe HE Aos wodn

2. EKZ3gA Algleld 2384 pHEXE 455 JEHUdE & & + sdden ¢F5S 18
pHEX 293} Hugd Alge pHEZE A2 dASA

W~

3 2 9252 /Mt E327 solA EKE A8aud 8 g 3349 22 AR sbse 43
% pHE 94 A4E ¥ 9359 I 49 3 nYHoY Aoz BRan
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