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Table 1 Applied leaching test in laboratory experiment

Column method

Teat Environment agency pH-dependent test Availability test
notification No.46 (NEN7341)
Testing type Batch Batch Batch Monolith
Leaching vessel 1L polyethylene bottle 1L polyethylene bottle LL glass beaker $5.1 X10cm column
Sample particle size | <2mm <2mm < 125um < 2mm
Sample mass 50g 30g l6g -

Solvent

Distilied water adjusted to
pH 5.8-6.3 by HCI

Distilled water adjusted to
various pH value by HCI
or NaOH

Distilled water and HNO,
(at the 1st extraction pH 7,
at the 2nd extraction pH

Distilled (adjusting to pH
4 by HNO,)

4)
Liquid to solid ratio | 10:1 5:1 100:1 (50X2) Cumulative
Leaching method Horizontal shaking Stiring -
(200times/min, amplitude: 4-5cm)
Leaching time 6 hours | 6 hours 3 hours X2 Periodically
Filtration After 20 min-centrifugal separation at 3,000rpm, Suction filtration with Suction filtration with
suction filtration with 0.45ptm MF 0.45um MF 0.45um MF
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by HNO, Effluent valve
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Water flow
—

Inffluent valve Effluent reserver

Fig.2 Apparatus for column leaching test

Table 2 Properties of the waste used in this study

MSW-1 | MSW-2 SS
Particle density (g/cm®) 2.236 2210 3.005
Optimum water content (%) — — 58.3
Maximum dry density (g/em’) — — 0.93
Gravel fraction (%) 04 1.2 0.0
Sand fraction (%) ’ 813 90.0 433
Silt fraction (%) 18.0 8.6 54.4
Clay fraction (%) 0.2 0.2 2.2
Main components NaCl, KCI Si0,
CaS0, Ca0O
Si0, Al O,
Heavy metal component Cd, Pb, | Pb,Cr,Cd|Cr, Pb, 21
Cu, Zn, As etc etc.
etc.
Total content of heavy metal | Pb: 7600 | Pb: 9800 | Cr:92
(mg/kg-ash) Cd: 280 | Cd:270
pH 7.22 6.14 9.64
Ignition loss (%) 5.96 11.3 9.33
Sampling site Kyoto city, Tobu Otsu,
Clean Center Shiga

Sampling date May, 98 | July, 98 | June, 98

#£6 BIHEBEREENMREN TN, HALEEH
TTELLOT, ZOBHKITITRALEESRIZBY
TERER L L THARASRME N ZAIKR T AER
WHKTH 5,
—RRBEEWIEAIK (AT MSW IK) &, F#RTHK
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32 Bkt
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MSW [KOBERBELEGREOBZLICHRENEH
LE&RB, EMS (1994) PR LAREARIKE EX
BIEMTHLEBRAGRKE LAY MIL>TRE
MBEAT) FEEERA L, ERCTHERLRER
JKROMME% Table 3 12T, XA ¥ FMIoWTIEK
BEEA Y MHEORV T Y P2y bPEHAV,

33 EEHMOME

MSW IRIEEHRERILD 19U T LEFIEW
EH b, w=30%D—EEKLETMAKHED 217 -
72b0, HERARKE XY FOEESHAIZLS

Table 3 Properties of coal ash

Particle density (g/cm’) 2.467
Gravel fraction (%) 0.0
Sand fraction(%) 12.1
Silt fraction (%) 82.7
Clay fraction (%) 52
Ignition loss (%) 20.6
Main composition Si0;
ALO,
CaO
Sampling site Kobe steel
LTD
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Table 4 Physical properties of the stabilized waste used in this study

Ash MSW-1 MSW-2 Ss
Treatment No treatment| Stabilized [No treatment| Stabilized Compacted Compacted
(w=30%) (w=26%) (w=30%) (w=26%) (w=57%) (w=65%)

Aging (days) - 28 - 28 7 28 7 28
Unconfined compressive strength (MPa) - 0.54 - 0.47 2,12 1 227 | 0.89 | 095
Wet density (g/cm’) 1.52 1.34 1.46 1.18 1.41 | 141 149 | 149
Dry density (g/cm®) 1.17 1.06 1.12 0.96 0.96 | 096 | 0.96 | 096
Water content (%) 30.0 26.4 30.0 23.0 46.7 459 55.3 54,9
Hydraulic conductivity (cm/s) 10%~10* | 105~10* | 105~10* [ 105~10* - 10 - -
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Pb LIIELWEFED 0% EABHL S 5, £
o, EERB AT LICE), PRASE) 74
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TOZEPL, BREVRBIZLD Cd DEEIHEE
B2 pH OETICI2020 TR, AL
ERWEIILLHLADHRLFSL TS LHN
T&5b,
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Working Group, 1997) & Lb#L T b REEEDMEI %
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35 pHARTFHIZIZIZEI LEAE R T EHBITE 5,

43 Ny FRBHRBRIC L 3REDOBHIEMY
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ERDFER % Table5 (2R T,

1) TKERBEK

SSIKizonTiL, EMBEOLOULTF, ¥4 0H),
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g, 28 HEAELZD O, 3 3 BHICH L TER
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ERL7A5, #4 0 HORED pH=12.0 HOEZ
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WEDEICL EE o, 2OZEHE, HEDOMHU
o THBEPSDT LAY ERSHH SN &
Bbhbd, EEROEBEHIZELTE, Pb IZo0T
2, M4 0 HOL DD 0.15ppm DEHEERLA
DIZFL, M4 28 BOL DT Pb PR & i Hh
2712, Zn KDOWTHR CEMATHIETE, 45 0
BOLOOKHMA4 28 BOLOLLELT, 2~3 &
DEHMEEZR L. I, Pb,Zn &b T HE
BTHEHENBL RATAEEBRTH LD, TR
VEOBEWHTOEORMPOEEICENRL-LE
Abhb, Cd X2V TIRREFELMHT, 001
~0.02ppm DFELEZRL, HIEREEEL LD
L RETLEODBEHEYRL, Cr (&7 04)
IZoWTIE, #4 28 HORED, #4 0 BORE
LHEL T 10~15 BogWwiElEzRLl, 20
HBHELTE, KEORHBEOEMIZL > TRED
Ca PEOERIFEITTEILICLY, BEHKOK
FREZ EOHENFEITL, C OEHEFRELLE
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Table 5 Results of batch-type leaching test

Sample Japanese Leaching Test No.46 Availability test (NVN7341)
Ash Treatment pH EC. Pb Zn Cr Cd Pb Zn Cr Cd  |Acid neutralizing
(mS/cm)| (mg/L) | (mg/L) | (mg/L) | (mg/L) [ (mg/L)  (mg/L) | (mg/L) | (mg/L) capacity
(mol/kg)
MSW-1 No treatment 10.78 3201 0.23] 0.02f 002 0.02 950| 28000 13 230 4.04
10.73 32.1 022! 0.01 0.02] 0.01
Stabilized (w=26%) 12.33 256 048] 0.12f 0.45( 0.02] 1100} 8400 13 130 5.64
12.23 25.0, 030{ 0.09] 0.5 0.03
MSW-2 No treatment 742 35.0 1.77| 94.19 NDj 13.50] 1400; 18000 12 220 3.58
7.46 35.2 1.57{ 107.19 ND| 1349
Stabilized (w=26%) 11.53 30.2| 0.08) 0.15| 0.13] 0.03] 2200 15000 13 140 5.82
11.58 299 0.08) 0.15] 0.12] 0.03
S8 No treatment 12.31 3.00f 0.15) 025 001 0.02 26 230 12 26 10.0
12.17 263 015 017 002 0.02
Compacted { w=57% | 10.99 1.80 ND| 008 0.10] 0.02] - -~ - - =
28 day aging | w=65% | 11.37 1.67 ND| 0.09] 030/ 001] - - - - -
Pulverized coal fly ash 12.62 - ND| <0.01| 044 0.04 - - - - -
Cement 12.72 - ND ND 1.59 005 - - - - -
Notice) E.C.: Electric Conductivity, ND: Not detected
(2) MSW-1 OV TIRERICRELEETRLL, LAL, BE

— e BEIEWRAIKIZ OV TIE, ELEORE, B
LUELREL L 3 (B4 28 B) oL T
BHRABZIT- 72

JLT46 RERIZB W T, EUBEOFEN pH=107
BEOETH- -0z L, EELBAL I
pH=123 Bk L BTN AV ERER L, EER
BEICEET AL, Pb, Zn oW TIEREILE
THLUZ-EED, LY RKERBHREZRLAL. Th
i, 41 TRLEZE IS, AHRESTHHETT
BHT, RICERWIZ L 2 ESBERZELHESEN
Tk, BEFEX Y MEIMIHED pH ERICEDY,
WHEETH A Pb, Zn DEHESHMLIZLER
bRB, Cd I22WTIE, BHERIZEALERL
Lhol. chik, EBORE, TELEBOFHHNYS L
b pH DESTUAVHERLTWSEZ ERL, B
HERTHECADBEHIMIONALEZ LN,
Cr i22onTi, FERBIZL Y RIBICELENH
ML 2O pHARIZBWTIE, CriftEITzL
AY pH EMRERE VI Eh L, BERBIE
HL-BEbH (REIRARK, XY M) IZ&FS
NabCrEH Lz FHRENS,

(3) MSw-2
MSW-2 1%, EMEOFE D pH=74 RE, KEL
A pH=11.5 FEED pH HZRL 7o MSW-1
LT AL, HEUHOREWIFIEY pH EE
TLTWA, MSW-2 i& MSW-1 & [ UBEE R
BhLEMENTHEY, HEEHER2L 0,
KE L LFREPR Lo TVE LHRITE 5,
ESERAHEICEET AL, Pb, Zn, Cd D 3 TH

MBZHETILICLD, 3 TEREDBHEAKEL
HHlanz, SOEBEELTE, pH ODERIZE -
TESE /KB OLE % £5 L TEHEH I
ahfez &, XY PKRRERDPICHEH LADLR
Rl ED2EANEILNEY, FLLORENER
LTwahidFEdE R, 72, Cr 220 TI
MSW-1 tRE#CEIbMOEEB I L HVBHENFKIE
WZ3EmL 7z,

4.4 HTLRRIC S BEENOB LS

REYIIEKMEIBVMETH LD, HFEWE
DEHOTEEL LTIZ, RBIEALLKIEEY
BrhZ@EBTAZEIZLAbO0NKEHTHL, £
T, WILARBRICL > THEEYPLEAT IRE
Kizk 2 FEMERELSEE LT ERMIRF L, &
HETidy 7 288%, Ny FRABRL B TE
EWEMFAROREYEEROBH 2 £46410E
WERETHEMTE 2B HEE LTRHEST T A,

1) TRBREHIK
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SHTELRBCEHREOHR% Fig. 81077,
Cr IETOUHRENH 78, F0ROBEHII
MEIZRA, LOL, BHTEL/S =60 LD
%, Breakthrough A9 B ASHEML, L/S=130
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Evaluation of Geo-environmental Impact due to the Leachate from Solid Wastes

Masashi KAMON, Takeshi KATSUMI, Toru INUI* and Milagro CASTRO-CUBA

*Graduate School of Engineering, Kyoto University

Synopsis

The leaching characteristics from the stabilized wastes are discussed from the viewpoint of
landfilling and geotechnical utilization. Municipal solid waste incinerated fly ash (MSW-ash) and sewage
sludge incinerated ash (SS-ash) are used for the experiment. Three different batch leaching test methods
and a column leaching test are conducted. The experimental results show that the batch leaching tests could
not evaluate the change in leaching characteristics due to the change in pH or the duration to contact with
water. Cement stabilization would have a gréat effect on the immobilization of Cd and little effect on Pb.

Keywords: solid wastes; geo-environmental impact; leaching test; heavy metal; stabilization
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