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Table 1 Basic Properties of Marine Clay

Place Osaka bay
Liquid Limit (%). 93.3
Plastic limit (%) 46.14
Grain size distribution (%)
Gravel 0
Sand 2.1
Silt 521
Clay 458
Soil particle density (g/cm®) 2.718
pH B.88*
ORP (mV) 26*
EC (mS/cm) 1.56*
pH in soil 7.52
ORP in soil (mV) -377
Water content (%) 100.4
TOC (%) 0.631
Heavy metal concentration (ppm)
Zn 0.004
Anjon concentration (ppm)
Cr 689.6
NOy 6.2
Br 14.6
S04 85.6
* J1T- 46

Solution
Na,§,0,

Na, SO,

Only Distilled Water

Geotexitile

Percolated watet/ Sample
bag

Fig. 2 Column Leaching Test Apparatus
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Table 2 Experimental Cases

Case No. Casel ‘ Case2 ‘ Case:
Heavy metal in Solution Zn?* 10 ppm
Na,S0,
Na,S,0 224 i
Chemical in Solution 22% | egg | ot
10000 ppm g
ppm
B.P.Gas N, 0, N,
Water | before consolidation 100.4
Content .
after consolidation . . 4
(%) ft lidat: 59.8 61.7 62.0
. before consolidation 0.84 0.76 0.81
after consolidation 0.62 0.63 0.63
before consolidation 0.46 0.43 0.45
n (
after consolidation 0.38 0.38 0.38
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FRWTERNCESOBRHERZENL, ZRTHE
FEMOBMHER & BT S Z LT, pHPORPHER
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2P & LTI, Freiser and Fernando (1967) , Sawyer
and McCarty (1982), McBride (1994)7s & THRH I N
TWab0EAVE, £z, BHLUEZHERNEER
TEREBBOBEHEZ M. ZnS, Zn(OH), DILRE,
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DO&BETICBT 3EMOEHEE 2L ENRLITE
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DOLFERNEROBENVERAZEE L.

51 ERULPNER
(1) BLAFR (HS) OE|E
A B 2% T 13 Sodiuim Dithionite(Na;S;0,) ¥ Sedium
Sulfate(Na,SO) & W o L EPAZHEAL TH 0.
Zhe OMEOLEELSEROBHEECYEZ
BiET EE AR, £/, pHYORPOILZHIRE M
PMBEOZERCHETEIRY, TNOOHER
HEELUEERICETE, B4 ELRERRT
AR O H B AROBELRSEL .
—RIZRD)TRINDEEBILRKERNEZRET
% &, NernstOREBFRQ)D &L SICEETN S,

Oxi. + m H" + n electrons = Red. 1)

EEL, Oxi.BBLENSIWHE, RedIBLINL
BOMEATH 2.

0 _ 0.059 log [Red] (2)
n [Oxi][H "

2L, 25 COLEUT. B BRLETEM (BAV)

(ORPE G DOERE). ESEBEEN (BAMIV) TH
3,

NernstO R IZEEBTRIRIC BT HBEME L2
AYEORECHBERTHOTHD. TORIED
o2 TIERTERBLE L. RIEROEHE
MUz 3B ThbBREELZENENOME
DEENEEHREICSZBOBILBTEMNTH .
BAOETHD, i, EAREEME, TOMEIKE
WIEERBBHICEARPT VI EEZRL TN, B,
REBOBILEBTEMNTHY., TORLROBEE
ZhENRETE I EICE>TROEND, [H]IE
KBAABETHLNG, pHERET S LITX
STRHENB, Do Enb, BHEDORPEPH
ERETAIEICLD. BIEHEELBOHEORE

RdoNBZ LD, LAL, REROREIC
BNTIRRA RPEND D, TS ORISHEITH
BREZBZEDTHEIOGND D, T—FOR
WIZIEEEET2HEND S,

$,0.7 + 40H—2805% +2H,0 + 2¢° 3)
H,SO0; + 6H' + 66 — H,S +3H,0 @)
HzSO4 +8H' + 6¢” — H,S +4H20 (5)

EMEICBWTHE S L5 YWHEK. Sodivim
Dithionite(Na;$,0,) 3 & ' Sodium Sulfate(Na;S04) T
B, oI KRBERBLTSEEEZEZ S,
KRICEDERIERERT. (1) @QTHRLEREK
D, @)~E)RIET BNernst OREHHT 5 ERD
kol d, BHTICNGS,0,2BALZHBEZ(6)
(D, BHEHPITNGSO,ZRBAL BB EEB)IIRT .

E, =-1.12-2%% {ln 15,0, +(41n Kw )} (6)
2 [S0,™] [H]

(=7 L. KwidkoA1 4 S HET101%)

E, =o_59_9L59{1n[_Hﬁ(m+6pH} ™
6 | [H,80,]
B, -0.303 - 209 {mifiz_s_ﬂLgpﬁ} ®)
6 | [H,50]

SLEORELD., EBTHE S N/ZORP(MV)ZEL(V)
2. pHEZ D EERALMILAROBEZRD B,
7L, $,07BIUHSO,DBEIZDWTIRBERIC
BALKEEBOBEELLE.

(2) WifbkFEDORHE

BLAKESNREAA BT IETOBREEL
TEMLZETIVLENH S, FHERTRIL ¥ b
DIOERICETDERE L ZHILKBENREA A >
WCERBEL, BHMAA L EORBRISICED LB
i, UTERERBIUOEEERERT,

HS(g) © HS8()  K=10"% )
H,S(1) © HS + H' K=107" (10)
HS © s* + H' K=10"° an

(3) VLB

AWAETEHI AL LUBERKTELEALSN
BRAAELT, B4 EKRIEY T AN
HB, RiZEhs ORISR LERERERT .
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Zn? + §* — ZnS

K@= 30X 102 (12)
Zn**+20H—Zn(OH),

KSP(Zn(OH)Z)___7.O>< 1078 ‘(13)
TBRERCEDSEFNEFND1 4 2 BEOHNER
EREZBALVWHARNBREHRETERT S, &
WRTRERA > OBEE10 ppmiK HEL &
HWEHEALTWA YD, INEENBEBECRELT
HEICHWE., £, B84 0BEIRASH (1)
MEFBRLAELDE:, KEEYTF L OREITER

THREpHN SRR LUEEAL. LEORERANS &,

Zn? DRE, ZnSOHEER B L U Za(OH), D ERIZLLTF
DD ERS,
PEoRIZEDHEGKA A OBEBLIUVTLEES
BELZ,
(4) $ 4> DK
[tk s (VA =0 ¥ 2 o G g - (i 31 35 A
BHRPICHERTEEEA6NB D, THhThOH
1A BELZRODILEND D, RICET A R
DRI ERT,

Zn* + OH" — [Zn(OH)]*

Ki=1.4X10* (14)
[Zn{(OH)]* + OH" — [Zn(OH),]

K,=1.0X10° (15)
[Zn(OH),]* + OH" — [Zn(OH)s]"

K;=1.3X10* (16)
[Zn(OH);]" + OH" — [Zn(OH),J*

K,=1.8X10 Qa7n

PEERERNTENTNOH T4 VBEERD .

(5) HSAOMEE
BRLTVAEROBREZFET S, ) TF
Lisif 4 22RT 2 0ENH B, Lo TRICH
TR D TR B ERBE[Z) & L.

[Zn]=Zn* + [Zn(OH)]* + [Zn(OH);]" + [Zn(OH),]*
(18)

DLEW RLAZBEBBEEZRDZ2EBROIO—%
Fig. 9, 10i27R 7., Bl EICRUAZERIZT N THEKS
THRIGRKLBEZEELEZHBOTHD, LEOMAKE
ATDO2UWTEERLTWERY,

52 BEHMNGE{ESRBRIERESOLE
O THEHSIHRTEBICK > TEE L AEH
BE CITHARVESBLEE ISR EBRTHUE

URmhiEE (ERiE) Z2h8L. AEDBLER
BILTWERREZEET 5,
C-1DHAMENRAHBEIEREZERLEZLD
%Fig. 1112, #EKE LpHB K TXORPDBIFR % Fig. 12
IZRT, BABNDAROERTIE. pHALENE <
ORPAME V7= o 32 3 O L § s HY BV B & h B TR
EZRL, ERELFZFIRROBRERLZ., BKE
AREMT S ICHEVpHAME T LORPB LA T 2720,
B EMRAHEILE KR H800 mLZ&EIZRBUIC
BWmliz., EREGERVENEHBHIEINT S8
CHEMLTWAA, ERNEEREORRER
L. BLEDZ ENS, pHB X TORPH S DA H
WARESHEZEZTHD, B CTrLAEBHAR
BEETHBEEALGNS, 2L, BKRENTI0
mLEEAS &, HRNEREDER & EREOR L
FERUTHR 00D, ZTOERKELR R, ZO
FERELTABRTRERAF AR EFELTNS
RHERPLLN, TOMEEEFRNICEETSE
»., IHE. ZnSH L < BZn(OH), P LBREB I U+
T ~OREBOSEBZHE L, FHEABER

( *Decomposition of $,02 and SO % E

S,02 + 2H,0 — 250, +2H* + 2¢
ORP=-1.12 - (0.059/2){(ln (50,21 / (5,0 2 *1) + 4InK,,~4pH}

[ SO + 8H* + 6¢ — H,8 + 3H,0 J -@

ORP=0.059 - (0.059/6){In[H,S)/[SO,*] + 8pH}

or.
SOZ + 10H* + 8¢ — H,S + 4H,0
ORP=0,303 - (0.059/6){In{H,S}/[S0,2] + SpH}

[ *Equilibrium of Hydrogen Sulfide ‘E
H,S & H* + HS K,=10792 -@

HS & H* + 8% K,=10:89

Theoretical Calculation of Sulfur System

Fig. 9 Theoretical flow to obtain [S*]

{_Precipitation: Solubility Products |

(Zn[8¥) = K iy — 208
[Z07*] (OH' = K onamn Zn(OH),
Magx. leaching-vut concentration of Za?* is selected as either

the one with smaller solubility product above or the initial
influent concentration if it is smaller than the former.
Hydroxides
of Zn
[Zn{OH),] + OH- - [Zn(OH), 1> K,,

Total Zn = Zn¥ + [Zn(OW))* + [Zo(OH),) + [Zn(OH),J* E

= 21

*Equilibrium in_Alkaline }
Zu + OH-— [Zn(OH)* K,
[Zn{OH)}* + OH- — Zn(OH), K,
Zn(OH), + OH- = [Zo(OH),] K,y

Calculated Zn concentrations from above will be compared with measured ones.

Theoretical Calculation of Zinc System

Fig. 10 Theoretical flow to obtain {Zn]
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[ Calculation of Zinc in Various Fractionsj

Zn in influent = Precipitation + Adsorption + Leaching-Out

Precipitation = Zn in infl _ Calculated Leachine-Out

Adsorption = Calculated Leaching-Out — Measured Leaching-Out

Leaching-Out = Measured Leaching-Out

@ Suppose that precipitation is prefer than adsorption.

@ If Adsorption = Caleulated Leaching-Out ~ Measured Leaching-Out =0,
then select adsorption as zero.

@ If Adsorption = Calculated Leaching-Out — Measured Leaching-Out <0,
then select adsorption as zero, and leaching-out part is considered
to be independent to influent.

Fig.13 Calculation of Precipitation and Adsorptoin
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Redox Potential Effect on the Performance of Clay Liner
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Synopsis
To predict the heavy metal leaching from coastal waste landfill sites, the reduction-oxidation

condition has to be taken into account, since the waste layer and clay liner are expected to be under the

reduction condition. Zinc leaching is evaluated from the column leaching test under several reduction

condition of the clay liner materials. The experimental results of zinc leaching has a good agreement

with the theoretically predicted values, and reduction condition is effective to immobilize the heavy

metals in clay liner.

Keywords: clay; heavy metal; leaching; waste landfill; redox
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