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MFFER R OBEE (330) : Assisted leaching mechanisms of heavy metals from landfilled
municipal solid waste incineration bottom ash was investigated. Citric acid co-existed with
urea had the largest effect on the complexation with heavy metals and promoted the
leaching of some elements, in particular chromium, copper, iron, and phosphorus. Although
fulvic acid generated in landfill site had great complexation capacity with copper cation, it
was two orders of magnitude smaller than that of natural fulvic acid. The combination of
pH-dependent leaching tests and sequential extraction tests indicated great difference
between geochemical simulation results and leaching test results. This suggested that
leaching mechanisms were not controlled by some dominant minerals. In addition, it is also
concluded that leaching of heavy metals from bottom ash are very complex mechanisms,
which consisted of dissolution, precipitation, and conversions of heavy metals to other
geochemical forms during leaching.

AN IR TERR
(BAEHAT - 1)
[EEESEH LIEESES ¢ & &t

200 94 2,300, 000 690, 000 2,990, 000
20104 1,100, 000 330, 000 1,430, 000

G

R

R
Gl 3, 400, 000 1,020, 000 4,420, 000

W8« L
P oo - #BH - BARBREE S 2T 4
F—U— R BEHIK, HeJE, PR, B



1. AFZEBRAE 4 FI D 5
BN M S XA EEE R & TR
HAKRDBPEH S 5720, N THRIZEWT
HEENE I FEMOEENLETH
b ko T, BRI O B 22w ki LE
A N, REAME D YR
kE7poTng, BEZEkICIL THEERD
LEWIRE CiAD ] 720 LIk TEAEO#H
WIRERE] O 2O OFERH Y . AT
ISR AR 72 NI L D 22 TEA L - ST AT O
VYA T NVOBENG, SERRIC X D EA
BORMbRE - MINTHIZELE L) 2 & L L
7o UL UHESZHIPNIZ ZTESAR 7o B 1S X
O O — 2R RTH Y | LN
TOEE B ORI L Z I D w2
BRI DA RITHRO TRE LTz,

2. WMEOBEH
AWFZETIE, HSIHUIC 8T B BB O
TRBLIOBEHA T =R L E2HLENIT D

ZEZARE Lz, BARZRAERRE LT,

UTD3HAEHONITAHZ L& 7=,
(1) S5 & e > B REHEFEIC
B D AW E DAL - PHER) R
(2) NI TERSINDIEEMEOELRE &

DEARTE R HE O FEATh
(3) FEA R OLFEREE & inHEE OB
e

3. #FED kL
(1) SBIRTERL & AUt 5 EA B H 2R E)
BT D HAEWE O - PLEN B

BRIRT IR/ 46 SIA I FEBRICHEIL L T, Bt
HIK DR 21T o 72, T O, SERIEAL
B LTT =4 Climie, milk. Hie, >
2UBBIONI 2 igE, BT F L TIET v
E=TEMxT, FTFEME L LTRES
FN Tz, TRHR D O B4 SR R 7 AR AL EE —
ICP JESEHTIC & » CTHlE L7,

(2) HNHITAERINDEEMEOELR

& DEEIRIE ALRE DO REAM
HESTRERNR 2 D B E i L, i1 4
v L DRI ERZ T o2, 7V — DA
I VRIE H A A BRI o THIE L, E
B A3 NICA-DONNAN <& 7 /L C i B AT RED
L7z, BARHEROBEREYE &6 & OEAE
FRAIZ D TIE Visual MINTEQeZ FHuV T NICA-
DONNAN <& 7 /U2 X B FHE 21TV, SRS &
e L7,

(3) HEAeREOLFREEL L IxHZE R
3 n

BEHEIEIK 2 pH ARTF R BRI L. 3 H

PR b o B 4 B AV SFIERE 2 B R R &

S THHT LT, IWHEBRETORIKIZONT S

HA AL FHIRRE 2 BRI A X - ToMr

L7z, ZOMEOREEELE L, FED pH
BT DALFIRERAL & s 2B OB

FRIZOWTHE LTz, F72. BRIMEEIC X
555 HT#s B % Leach XS®% FHU 7= HuER(L 1Y
BT H R S T S DAL SRR AR &

PR LT, HIER(LFAOE ) P R O %Y
PEZ R L7,

4. WrIERLE
(1) $BARTERL & Z Utk > BA B IAH %8
2B B AW O - FLES R
AR TOEBRGETITRBETH- -
72, TUE=TIRSERERA E LToE
BRI o T, A A REEMATE A & s
MUTSHEOESBIEHIEEZX 1IRT,

o010 | 050 | -

040 -

B .|

4

o

8
SEHRE (mg/L)

A
§E 85858 §8§8F8EE
080 030
o 00T )
E os0 5 020
:ui!j 040 % 015
!!% 030 g 010
020
:\ | = ol
000 Hsmmim i L 0.00 Eﬂ ANRASEREEASERE

mmmmmmmmmmmmmm
s § § 5§ 5§ 5§ 5 s § § 5§ 5§ 5§ 5

B 1 SERERAIZ TN LT & & O EERE
L

7 T U FRESINGAT T D Run7 THRELZ Cr, Cu,
Fe, P OEEE A EERN RN R H S vz,
SIHICRFELGFWE L L TR LIS EA,
S O L REN RN BN (X 2),

160 \ w
140 - D& B T
' W R !
120 | Ozxome - - - [
g 1
2 100 |
~ |
;‘ﬁ 0.80 !
&
& 080
0.40
0.20
0.00
Cr Cu Fe P
K 2 E&BEHREICG 257 = e R
FOLAFN R

72721 Ba O XD ICIRHILED RN TN D H



GlELHY ., BEHIKD L 5 L EEERES
BEETeEM D DOESBIREFETIL, b
EIERIZ LR b EHECEND Z L 2K
METRIH ST,

(2) HNTHICTARR S NS EEWE OESR
& DEEIRIE ALHE O FEAM

PENTFE 12 AE0NRRIE L 72 BEEIIR 2 S S8 &

BaRHH L, i1 A & ORI EBR A 1T

STz, FOMEEK 3 ITRT,

®  J)LIREA(RER(E)

TIVRER (GHEAE e IR)

———— DJLREE GHEIE_ B 2REX)
O JSUE(EERIE)

TIVEGTEE BRBE%R)

1.0E-05
e ©

[ ]
10E-07 E ..
[ J
10E-09 E = ®e
Oo ° |
10E-11 E
10613 L

10E-15 ¢

Conc. of free copper (mol/l)

10E-17 ¢

1.0E-19
6.0 6.5 7.0 75 8.0 85

pH (9)
X3 4 pH IZHI1F 5D 7 U —§i1 4R
45 FEEE & NICA-Donnan &7 /L &
% EHEAE O i

HEENE 7 YV — D84 AU EEEZ R LTV D,
$iA A D 90%LL S BERIIR Sk D £
B (TR T I UER) LSRR L, 7
U — DA A RENBD LT, HRBRBIH
KOBEWE DS, 7V —D8A 4
MNEVEAD L TEY, BEAKBROERYE
LU0 LEE OEEBRERENRRKE N & &R
LT\ 5, HENCEERIK D Ot EA RbIC
H-v ., BB, K LB EWE OIAE
A E DRI K& 2B BEH 2 T
HAREMEDR EV & EREER L VR E D,

(3) HAeBOLFEEE L IFH B DR
Rtk
BEEIEIK 2 pH RIFMEIRHRBRICHE L, &
HZRE R O OTRERIFLER 2 X 4 1R T, &
HERBRATORIKEE (U, JFIKEMT D)
WZBWT, ShiZEICRIbmE L L CTIFETEL,
EEREDOK 4.5%% 5D 5, HEWRE
(27.3%) . IRERYEHE (18.6%). AW HE
(8.6%) MEIITHEL , KIEER L OFEEE
7=y AMHHECHEET D MITENE
NAREDR 0.45~0.52%IZE £ v | R T
XHRETH T, IEHEBRICISIT D pH 23 2

B s O kit
O FEiR T e=0 MhHIE O RERERE
B et B G
O 7&EmiE
5500
5000 - -—- -
4500 -
4000 -
g
s 3500 - -- - -
o X0
{
f£ 2500 - -=_ -
58 2000 - -- - -
1500 - -- - -
1000 -
500 - -- - -

0

JRIK pH2 pH4 pH7 pH9.5 pH12
B4 4 AT JOFTE pH TE % O REsk
T OEN DI RERIKEER,

~4 LRSI TH DA, 13~31% DM
W UTc (=yfiEhe) K, o7 v
VSRS NT TIE 0~1. 4% RRE L EH L
7eino T, TEHEREBR CAH Leh o 7o Ryt
ShOLFRREICER T2 L, O pH iz
THEMLRE, IREAIERE, B X OUREWREN
T2 b D Th oo, BFRHFERIIKERE—
FEfg 7 > & = 7 Al IE— R IR RE— R (L
MRe—>H W RE— R EWREDIA T %
DT, WROLLT L ZONEFICHES & —
RYBEN5, L LSV TH R
FEIEHEDENTRIED 10%LL D& TR
LTCEY, pH2.0 TILREEHEL » L (LY
RECH B HE D §n D JF N VA R BR AT &
TRELPOLTWD, 2F 0, RIKITEBIT
%8 DY HEL S TIE A IR SR D B oK
TRHE, WEERT &= LA, IRERIEHED
OEICEH U, el ESAME O R Re <o
HHEWBEITE OILRE A MR LT £ £ RR1L
LTWAZ EE2n, KIBREOSH & b EEIR
T 570, MOTERE~EAT % 72 ERIED
MAEERB BB LN ET TWNDH L
DRBEEN D,

HERAL FR B Pl R L - T FFE
pH KM ERIT DR OIS & [EFHF CF
KT oMb E TR LT, FEREX 5 IR

1.0x1072 T
__ lox103 Kl 4
5 f /
%‘ 1.0x 10-4 Pb3 ( 04 2 o S
E | Pb(OW)
w1010 Ca,Pb; (P0,) ;0H
“® 1.0x10% >

1.0x107 Free

-
1.0x10%
1 2 3 4 5 6 7 8 9 10 11 12 13 14

PH ()
B 5 HERLZAROE ) 2R RIS K 2 8h o1t
BT REAR AL



FRERYIAS

ﬁ@%ﬁ

BRAS

ﬁ@#mmﬁg
‘

I
I
I
I
I
I
| | :
| | | ) !
o e mmryE—p s
I I I 1

-800 -600 -400 -200 O 200 400 600 800
L E (mg/kg)

6 TRIKTT DO TEREAALFEH (pH4.0)

9, Bl 21X pH4. 0 DS TIE, Sho¥EH
REEIX Pby (PO, DIEREIZIFLSND & T
HWENn7, UL pld 0 CIEHRBR LIZ5E
DARBEVESR DAL FIEREIXX 4 DY TH Y |
IREAHERE L BRLRE (B L ORI WRE) N E
(2725 TN D, Pby (PO, , I TTAFREFE DGR T/
SN ENDL, ITREBRMHERERICH L T
IR RE B bE CEICH S D &
IEE 22560, HEKMLFRE ) 5 C
1L, BONDOIEW ORI L > TEBRD
RHEE IR SND EErhnd, L LE
A EBR ORERIL, BERK T O B e 8 A H
ZRENTIR IR L & 72 D% O DI D Fx
WCEBTHIZRWDIF TR, THEIVE
MERBRTHD ZLIVRIBLTWND,

W HRBR BT D8 ol EZL (b
RREEIZOWTHEE LTz, FEREDOET VintE
EWEIGE L, FEREZ b X OVEARIZ - T
HEX 7 AT XL FXF—NREE TR LD
TOHT— AL DR ERE LT, fREK
6 12T, TV U SREFITIR W TIL, KIERE,
WEfR 7 & = AlHRE, B LW RED IR R
BRICEBW TR L. BIEWRE LR MRED—
EROS R e~ E 2T B & TR S, B
PESRIFIZB VTR, KIERE, IREEHERES L O
BHREMREDTEME L. B LW RE D — 53 iR
RE~ZL 5 L Pl s, IWHA =X A
B W TEATERE L o &R O
HIRGUCH 2 5 BT BRI c& 72 <, LB
REZALIZE > TIEH LS 5 WEEEDN L DR
HAFERSND RN S D L RBEIND,

5. ERFEERE
(WFFeE . IRge oy HaE M ORISR 12
=Y

CGdERSRm ) (Bt 8 1)

1.Y. WEI, T. SHIMAOKA, F. TAKAHASHI:
CO? sequestration capacity based on minera-
logical composition of MSWI bottom ash and
reactivity of Ca-containing minerals, Z47 1

FW T i X HE, A Y, 2009, Vol.46,
407-414

2. . TAKAHASHI, T. SHIMAOKA: The
weathe- ring of municipal solid waste incin-
eration bottom ash evaluated by some weath-
ering indices for natural rock profiles sug-
gested in the mineralogy, Proceedings of 3rd
International Conference of East Asia Envi-
ronment Problems "EAEP2009", # #i72 L,
2009, 62-68

3. Takahashi Fumitake, Etoh Jiro, Shimaoka Ta-
kayuki: Metal Mobilization From Municipal
Solid Wastes Incineration Bottom Ash
Through Metal Complexation With Organic
And Inorganic Ligands, Journal of Material
Cycles and Waste Management, %53t d ¥ ,
2010, Vol.12(1), 1-9

4. F. TAKAHASHI, K. YOKOHATA, T. SHI-
MAOKA: Copper complexation by fulvic acid
generated in landfilled municipal solid wasete
incineration residues, Proceedings of Ko-
rea-Japan Special Symposium: 14th Ko-
rea-Japan Joint International Session, Korea
Society of Waste Management, £ ¢ # L |
2010, 177-179

5. F. TAKAHASHI, T. KANOU, T. SHIMA-
OKA: The Solubility and Chemical Conver-
sions of Lead Species in Insoluble Residues of
Municipal Solid Waste Incineration Fly Ash
During pH-dependent Leaching Test, Pro-
ceedings of 4th International Conference of
East Asia Environment Problems "EAEP2010",
A L, 2010, 255-260

6.Y. WEI, T. SHIMAOKA, A. SAF-
FARAZADEH, F. TAKAHASHI: Weathering
of MSWI Bottom Ash With Emphasis on the
Evolution of Iron-rich Constituents, Proceed-
ings of 4th International Conference of East
Asia Environment Problems "EAEP2010", Zt
FifE L, 2010, 241-248

7. K. YOKOHATA, F. TAKAHASHI, T. SHI-
MAOKA: Copper Complexation by Fulvic
Acid Generated in Landfills from Municipal
Solid Waste Incineration Residues, Proceed-
ings of International Symposium on Earth
Science and Technology 2010, # #t % L,
2010, 145-148

8. Y. WEI, T. SHIMAOKA, A. SAFFARZADEH,
F. TAKAHASHI: Mineralogical characteriza-
tion of municipal solid waste incineration bot-
tom ash with an emphasis on heavy
metal-bearing phases, Journal of Hazardous
Materials, ##td ¥, 2011, Vol. 187(1-3),
534-543

(PR G 13 1)
1. E_ TAKAHASHI, T. SHIMAOKA: The weath-



ering of municipal solid waste incineration
bottom ash evaluated by some weathering in-
dices for natural rock profiles suggested in the
mineralogy, 3rd International Conference of
East Asia Environment Problems "EAEP2009",
2009.12.03, Fukuoka

2. @ E O, EE L, & FE1T, Kevin
Gardner: HEN7HZ 31T 5 BEFEWY) BE RN 7R
O AR FEWRILRE DO HEE, LARTFRFER
FANEE 22, 2009.09.03, 1 fif]

3 MU —, EiEEE, SMETESE L —
% BE FEW 5E HI IR SRk O JE ) O S IR T
B, R VE R SCER AF 28 8 R =
2010.03.06, AE

4. MR, mtEsRet, BT #H 22k
HHIK P Db F IR I K OV H O pHIK /7
PEIZ BT 2 SLHENTSE, TR TaER ST
Je¥ 743, 2010.03.06, AE

5. AR, miffistel, ST, #hd, %
WER: LT O BEANIZRIE O HAMER I LY
WM E T IEORF, TR TSGR
JeH 743, 2010.03.06, AE

6. F. TAKAHASHI, K. YOKOHATA, T. SHI-
MAOKA: Copper complexation by fulvic acid
generated in landfilled municipal solid wasete
incineration residues, Korea Society of Waste
Management, 2010.05.12-14, Daejeon

7. E._TAKAHASHI, T. KANOU, T. SHIMA-
OKA: Weathering of MSWI Bottom Ash With
Emphasis on the Evolution of Iron-rich Con-
stituents, 4th International Conference of East
Asia Environment Problems "EAEP2010",
2010.09.12-14, Shanghai

8.Y. WEI, T. SHIMAOKA, A. SAF-
FARAZADEH, F. TAKAHASHI: Weathering
of MSWI Bottom Ash With Emphasis on the
Evolution of Iron-rich Constituents, 4th Inter-
national Conference of East Asia Environment
Problems  "EAEP2010",  2010.09.12-14,
Shanghai

9. K. YOKOHATA, E. TAKAHASHI, T. SHI-
MAOKA: Copper Complexation by Fulvic
Acid Generated in Landfills from Municipal
Solid Waste Incineration Residues, Interna-
tional Symposium on Earth Science and
Technology 2010, 2010.12.07, Fukuoka

10. B —4h, St s, ERMRTT: —MpEsE
Y BERK Ok D JEHEE & B a8 D S5 K
TERUZ BT 20198, LARFRER IR
£, 2010.09.01-02, LM%

11 Efd s e, MEREE, BT pH A
BRI AL U 72— ik e FE ) BE HI AR PR 75
DDA FITEREZAL & B M, B E IR
TEER P JE 36 343, 2010.11.04-06, <BiR

12, B —4h, Gt seul, BRMFETT: K3
~O, 7 VAREER L O OSSRy O E
Z), EARFSVWEHSE R RS,

2011.03.05, f& i
13. i 50, EE e, ERMPETT RIKFIC
FET HEABOMIICET -5, +
AR P S FE 8 3R 42, 2011.03.05, 1
fif]

(MF) GF o 1)

(PEEI PERE)
ORI Gt o 1)
ORI Gt 0 1)

(% D)
R B

6. MWFITHLRR

(D) WFgEfFERE

EfE  SHEt (TAKAHASHI FUMITAKE)
FUN R - KFPe T2AF5E0E - Bh#k
FgeEFE 00414376



