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no

2.1 Municipal Refuse disposal by American Public Works Association,1966
1960 20
1960
1965 Solid Waste Disposal Act

Chap.l Sanitary landfill 1940
Chap.2 Central incineration 1900 1960
Chap.3 On-site incineration
Chap.4 Grinding food wastes
Chap.5 Composting 1960 1,2
Chap.6 Salvage and reclamation 40
Chap.7 Dumping
2.2 Solid Wastes Engineering Principles and Management Issues by G. Tchobanoglous, et
al.,1977 ,McGRAW-HILL
1975

Chap.1l Generation

Chap.2 Onsite handling, storage, and processing

Chap.3 Collection

Chap.4 Transfer and transport

Chap.5 Processing( ), and recovery of resources,
conversion products and energy; material recovery, recovery of chemical conversion

product, heat recovery



Chap.6 Disposal
2.3 Waste Management and Resource Recovery by C.R. Rhyner,1995

1995
D 2)
(Reusing materials) 3) (Recycling) 4) (Composting)
5) 6) (Landfilling) 7)
3
3.1
1900
1930
1937 50%
1945
1960
1963
100% 1952
562 1975 1964 1968
100%
3.2
1960 HCI
Cd 1970
1983 1991
1996
1997
3.3
1973 1973 "80
1975
1991
1992
1993
20 1997



1 (Discard into river) (Open dumping and Open burning)

2) (Sanitary landfill with soil cover) (Sanitary
landfill) 1910

3) (Containment type landfill) (Engineered
landfill) 1970

4) (Highly containment type landfill) 1990

ISWA(International Solid Waste
Association,1992)

D
2) (Conventional)

3)

4)
5)

1989
pH
(Bio-reactor landfill) pH
MBP(Mechanical-Biological Pretreatment)
(Landfill of final storage quality) 1988



(Sustainable landfill) 1997
Stegmann(2002)

‘ (Waste avoidance) ‘ MPT mechanical pretreatment
¥ ‘ BPT:biological pretreatment
MBP:mechanical-biological pretreatment

v
‘ (Separate Collection) H (Recycling) k—
MBP 7y
10 15 | fraction)(D'Sturbmg « MET (Reusable Materials)
/
2 - Bég N
N -
- >

"
~, |
|, Inert Waste Dangerous Waste .
Landfills Landfills MBP Landfills

(Dangerous waste landfill) MBP
RDF

(Inert waste landfill) (MBP)

1986

(Recycling must be profitable)

(1985)

(C. Ludwig, etc.: Municipal Solid Management Strategies and

Technologies for Sustainable Solutions, 2003, SPRINGER)



D

2)

D

2)

D

2)

3)
4)

NIMBY

I

4

A 4

[\

\ 4

A 4

Sustainable
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Cl

80
HCL
1
2 bottom ash
Ca
cl 1975
25
Ccl Ca
Ca
o |
1
Ca
Ca(OH),

CaCl2

fly ash

15

Cl

HCI

50

Cl

20



25

® Fly Ash
O Bottom Ash
Cl
(D)
0 o
0 1 1 g 1
1970 1975 1980 1985 1990
1 CI
2
Ca
/1
Caso,
Cl

20,000 /1

1995

25

® Fly Ash °
O Bottom Ash

20+
Ca

)

0 1 1 1 1
1970 1975 1980 1985 1990 1995
2 Ca 1
8,000
CaCl, Ca0 Ca(OH), CaCo,
Co, CaCo,4
—1
—1
500 /I —2 3

15,000

mg/1



BOD  COD

4

5 10ppm



SUS SCS HIVP FRP

100mm

10



LCA

1 pp.337-340 1990

Vol.8 No.7 pp.529-538 1997
pp.105-107 1996

11
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10

Asheville

MBP

13



soil

3.1

PCB PAH

14



3.2

. Initial dissolving

. Adsorption

‘/" Dioxin ¥
‘ molecule Lower SAA An
9/'. : addition n
Solid matrix S S<I)_|utl_0n I- ;
(fly ash) 5™, (liquid 0w
o |_Pphase) R
SAAT %
A\ molecule >,
Sufficient 1
addition )
__.Desorption __.Desorption
>
e
“—>."n Further

" SAA-dioxins
complex

Remaining SAA conc. < CMC

3.1

Rashid®*

6,7,8

10

Ong

Fe

addition ‘ﬂ%v ‘_.
I Micelle-dioxins
||- ‘. ’:H:)n\ complex

=

CMC < Remaining SAA conc.

aluminum oxide gibbsite goethite hematite
AlI° dithionite extractable Fe'

15

Al



HOPs

pH

16



11

1E-05

1.E-06

1E-07 |

Leaching conc. of lead, [M]

1.E-08

12

MBP

MSWI plant

Q =

10

Loss on ignition, [%]

MSWI residue|

L

Fl

Deodorization

rec
-

s -'_Ll’n-.
Thermal
overy
[—

ue gas

l

Aging process
with washing

100

13,14

co-disposal

Landfill site

Prevention of
leachate and gas
generation

Biological/geochemical

Japan

landfill space

i Biological Mixing process stabilization process
| Bio-waste |==>| stabilization |™=>| organic materials ”soilification” within a few
process below 5% years to several decades
Sustainable Prolonging Fr— - 1 -
erilaa |1 | ifetime of | [Utilization ] ¢={ Digging-out ]

17

12




pH
11,15 pH

300

14

11

pH Pb

Pb
Mn

18

pH
Ca
Ca
Al Fe Si

11

Fe Mn Si

Ca

Si
Fe Mn
Ca Pb Si Fe



Leaching rate, [%]

LE+02 ¢
’ osi
LE+01 |
LE+00 |
LE-01 ¢
LE-02 ¢
1.E-03
1.E+02 1.E+03 1.E+04 1.E+05 1.E+06
Contents, [mg/dry-kg]
Fe Mn Si Pb
1.00 =)
Y=1.784 i
+0.001678xCa(Leaching conc.)
+0.0005706xPb(Contents)
2 s -0.00002656xS1(Contents) o)
g 6 00°
o
o
2 ©
8 504 ©
>
= 5
3 o}
§ ]
g .25+ (e}
w o)
0O
0.00 ] _ ]
0.00 25 50 75 1.00

Pb

Observed cumulative probability

11

11

19




o= ] =) | or

DXNs 3ng-TEQ/g
Pb 0.3mg/L
Etc.

DXNs

&

Bioavailability

DXNs 1ng-TEQ/g

Etc.

Pb 0.01mg/L&150mg/kg

yes

20

1ng-TEQ/g
yes

3ng-TEQ/g



150mg/kg

10

11

12

13

e i p. 11-12 1988
Masahiro Osako and Yongjin Kim: Influence of coexisting surface-active agents on
leachability of dioxins in raw and treated fly ash from an MSW incinerator, Chemosphere,
in press.
Rashid, M.A_, Role of humic acids of marine origin and their different molecular weight
fractions in complexing di- and tri- valent metals, Soil Sci. 111: 298-306. 1971.
Rashid, M.A., Absorption of metals on sedimentary and peat humic acids, Chemical
Geology, 13: 115-123, 1974.
Ong, L.H., Bisque, R.E., Coagulation of humic colloids by metal ions. Soil Sci. 106:
220-224, 1968.
Davis, J.A., Adsorption of natural dissolved organic matter at the oxide/water
interface, Geochim. Cosmochim. Acta., 46: 2381-2393, 1982.
Sibanda, H.M., Young, S.D., Competitive adsorption of humus acids and phosphate on
goethite, gibbsite, and two tropical soils, J. Soil Sci., 37: 197-204, 1986.
Tipping, E., The adsorption of aquatic humic substances by iron oxides, Gerchim.
Cosmochim. Acta., 45: 191-199, 1982.
McDowell, W.H., Wood, T., Podzolization: Soil processes control dissolved organic
carbon concentrations in stream water, Soil Sci., 137: 23-32, 1984.
Jardine, P.M., Weber, N.L., McCarthy, J.F., Mechanisms of dissolved organic carbon
adsorption on soil. Soil Sci. Soc. Am. J. 53: 1378-1385, 1989.
Jeong, S-M., Osako, M. and Kim, Y-J., Interpretation of leaching characteristics of
lead from bottom ashes of municipal solid waste incinerators using database, Waste
Management, submitted.
Osako, M. and Kim, Y-J., Accelerated soilification technology of MSW incineration
residue for landfill site renewal, The 2" ICLRS, pp.192-193, 2002
Kim, Y-J. and Osako, M., Investigation on the humification of municipal solid waste
incineration residue and it is effect on the leaching behavior of dioxins, Waste

Management, submitted.

21



14

15

12(6) pp.256-265 2001

22



landfill  final disposal

€))

VOCs

VOCs POPs

23



€0, H,0 NOx SOx HCI €O, H,0 CH, N0 H,S
[ 1
2-3 30 >10°
1/20
Co,
@
R
R
> X - - -
< >< < ><
> < >
( ) > > =<
= <) | <)
=< -( ) - -
(
) / o o o
> > < >< < ><
o > ><
o o o
EP ><( )
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( ¥
)
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€))

household
hazardous waste
0.5-1% D EU /
3 14
2)
3 EU /
PCB
4
4
o( )
(@) x<
( ) o =<
=< ( )-o( ) C )
> ( )- ( )
( ) =<

25



2
—>
r - —
------ Na, K, Pb, Cd /
-----------  —
3

26



&)

pH12
5
5
Na* K' Ca?
Cl- 0% COs>  OH (ng/1 (/1)
Na* 572 24.9
K* 830 21.2
ca* 473 11.8
Cl- 1,260 35.5
S0, 785 8.2
3,920 101.6
pH 12.2 -
5 [Ca(OH), + CaCl, + (Na, K
)] & Co,
Co,
Co,
Na,CO, CaCl, Ca* Na*
6
Na,CO.
2WVs co,
[Ca(OH), 1
ca(OH), [Na,CO, — 2Na* + CO] [CO2 + H20 - 2H"+ CO]
Ca?* Ca* + C0,2 —» Ca CO;L Ca* + C0,> —» Ca CO;L
OH (Na* + OH = NaOH) 2H' + 20H - 2H,0
[CacCl, 1 (CaCl, + 2NaOH Ca?
Ca?* - 2NaCl + Ca(OH),) L Ca?
cl- Ca?" + COZ — Ca COyL Na* cI-
Na*
[ 1
Na* K* Na* K* Na* K*
Cl- S0 COZ Cl- SO~ COX Cl- SO~ CO%
o S0,
[H,S0, - 2H + S0.]
OH + H" - H0

27



S0/ CI
3)
7
7 cCa  pH
co,
i pH 10 | Ca(OM);+H;S0, - Ca™+S0,"+ 24,0 Ca(OH), + CO, + H,0 CaC0;+H,0
2CaC0; + H,S0, —2Ca?+S0,%+ 2HCO, CaC0; + CO, + H0 — Ca?* + 2HCO,
Pz pH7-8
Co,
M pH4-8 Ca?*+ 2HCO, + H,S0, —Ca? + SO+ CO,

€y

4

= [€0.}/([C0-1+[CO0D)

28




&)

1) 2002

ppl74-181
2) “Study on Hazardous Household Waste with a Main Emphasis on Hazardous Chemicals”: EU
Study Report, July 2002
3) ( ) No.6, ppl9-27(1991)
4) ( ) No.s,
pp27-36(1993)

L ] 135-0064
Tel (03)5531-3722 Fax (03)5531-3725 E-mail: hazuman@kankyo.metro.tokyo. jp
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Input

Input
@
+
(@), (b),(c)
Input

31

(b)

Input (g/t)

©



Zn

32

Pb Cr

Pb Cr
3,000 mg/kg

Cd Zn Cu



DB

No
1982 1988 1988 1988 2002
EP
Cd 104 187 15.6 121.91 330 37 60
Pb 3,140 3,280 513 2,835 2,455 960 2,245
Cr 833 270 180 442 -—- 178 233
Hg 5.68 3.07 2.4 4.88 4.6 1.35 14
Zn 13,100 16,900 2,770 12,245 --- 3,940 ---
Cu 939 820 700 --- --- 360 ---
Cl 124,000 59,700] 105,000 --- --- 133,400] 214,000
DB
No.
1982 1988 1988 1988 2001 2002
Cd 21.3 51.8 2.0 9.56 2.5 13.55 2.1 3.6
Pb 1,570 730 510 948 1,459 1,150 1,207 932
Cr 291 300 240 253 400 733 339
Hg 1.33 0.74 0.05 0.39 0.055 0.68] <0.005 0.25
Zn 4,230 2,730 1,620 3,305 --- 4,778 --- ---
Cu 2,720 950 1,040 --- --- 3,985 --- ---
Cl 11,200 2,100 5,400 --- --- 13,476 --- 14,400
1982 58 , 34-54
H3
(1988
,Vol.5, No.1, 18-31(1995)
,1988 1992 ,Vol.5, No.1, 60-68(1994)

,h=71 203 12 (2001)

23 (2002)
(kg/t DB)
71.4 12.8 8.3 23.8
12 (2001)

33




1988 1997 2002
No.
(DB)
Cd 6.09 0.094 1.03 1
Pb 94.1 3.4 109.0 100
Cr 24.9 -—- 56.6 50
Hg (0.09) 0.016 (0.03) 0.5
n 411 -—- 94 100
Cu 78 -—- 9 10
Cl 914 -—- 3,175 3,000
®B ( 1 2 3)
(wB)
20 (1999)
Pb Cd 2-1
2-2 Pb
Cd
- — - — x0.1
100 1
g 80 f 08
g o 206 |
E E
40 | 04 |
2 20 | 302 |
0 0 : ‘ ‘
1975 1980 1985 1995 2000 1975 1980 1985 1990 1995 2000
2-1 Pb 2-2 Cd
10
Pb Cd
Cr Hg

10

34




Cd
Pb
Cr
Hg
Zn
Cu
—— —-— —a— —— —a—
80000 90
80 |
60000 [ 0 r
60 |
> 40000 | > 22 |
g s}
30T M
20000 | 20 |
= E : 4 10
0 . . . . 0 . . . . .
1990 1992 1994 1996 1998 2000 1988 1990 1992 1994 1996 1998 2000
—— —— —A— —— —-— —a —x—
250 100
200 80 |
150 60 |
2 )
3 100 | 2 40
50 2 }
0 0 ‘ ‘ ;
1988 1990 1992 1994 1996 1998 2000 1988 1990 1992 1994 1996 1998 2000
13

35




Pb

Pb
10 mg/kg
13 mg/kg

10 mg/kg

Pb

3,000 mg/Kg

Pb

Pb Pb (DB)
b Pb
(%) Pb Pb Pb Pb
(mg/kg) (mg/kg) (mg/kg) (mg/kg)
36.2 7.7 2.8 7.7 2.8
18.2 17 3.1 8 1.5
5.8 5.8 0.34 5.8 0.34
0.2 21 0.04 21 0.04
1.0 140 1.4 20 0.20
8.9 1.0 0.09 1 0.09
4.0 75 3.0 20 0.8
4.2 19 0.80 19 0.80
0.3 120 0.36 20 0.06
17.3 4.5 0.78 4.5 0.78
2.1 6.0 0.13 6.0 0.13
1.8 20 0.36 20 0.36
100 13.2 7.8
1) ,Vol.5, No.1(1994)
Pb
Pb
Pb
9 mg/kg
Pb
Pb
Pb
0.7 % 10 %

2,300 mg/kg

36



2.1

Pb

Cr
Pb

Cd

S CI

mg/kg

37

Si

Ca

Pb

mg/kg



F—1 EREURKROERR., ¥/ T X EEHE

ER
A — 7% (n=37) BB T (n-4) =F5 (a=1)
B0 B33 BA BT Ex3 B 20 E23 B
Fh % neke 22 1441 12000 120 2068 5200 22 1506 12000
Cr el neke 137 368 960 E70 1028 1400 137 469 1400
Cd HEEI YL nefke 0.30 6.21 55 1.00 2.58 f.B 0.30 5.79 55
T-He ER) nefke 0.01 0.13 1.2 0.01 0.02 0.03 0.01 .12 1.2
Se o gk 0.10 1.11 5 0.50 2.05 5.7 0.10 1.21 5.7
B i nelke 0.14 3.502 11 B.A0 10.20 18 .14 4.82 16
Zn i ng/ kg 284 4797 16000 4000 6700 12000 884 5090 16000
HLdHi nz-TEQ/ 2 2. RE-07 0.031 0.18 0.00077 0.012 0.027 2. RE-07 0.023 0.13
pitd A4
2 F—HEH(n=-16) AENEH(n=20) 2 EH(n=-68)
BT E35 B BT 5 BA &L E25 B
Fh % neke 170 2880 10000 440 2424 2000 170 2747 10000
Cr = nelke 3l 185 1000 29 113 520 29 170 1000
Cd HF IS nefke 8.3 134.1 480 6.6 21.7 57.0 f. B 100 480
T-He iR nelle 0.00 2.66 44 0.07 1.3%2 f.B0 0.00 6.44 44
Se o nglkg 0.10 2.04 5 0.50 0.8 1.30 0.10 1.67 5
hs = gk 3.6 14.7 70 1.3 7.3 15.0 1.3 12.1 70
Zn i nelke 2732 12553 50000 2185 5061 10000 2185 10282 50000
HLgHi nz-TEQ/ g 0.5 1.17 2. 200 1.700 I.2R7 2.8 .45 1.5 2.8
-2 FREUMRKROEZRE. ¥414% I HEHE
ZF-—H(nll) HEh(nd)
13% 13%
&l FEiy A &l iy Er
Cri+ AT ng/1 <0.0% 0.0ZR 0.0f 0.11] 0.2&0 0.38
CN Y nzl1 <0.02h <0.02h
Ph B me /1 0.08 4.83 a6 <0.01] 0.603 2.3
Cd AEEYL mg/1 <0.005 <0.01 <0.005
b i mefl <0.01 <0.01
T-He b4 me/ 1 <0.0005 <0.0005
de L mg/1 <0.002 <0.01 <0.002
Zh A e ng/1 0.005] 0.05887 0.1% <0.00Z) 0.006 n0.014
PCE nzl1 <0.000% <0.000%
pH - 11.2 2.5 13.6 11.4] 11.73 2.3
HA % ng-TEGQ/ 1 0{<0.00%) 0{«0.008)
TREE TREE
ZF-—H(n2d) AmEh(n25)
138 138
&l FEiy R ey FEiy LN
Cri+ AT 2l mg/1 <0.01 0.07 0.43 <0.01 0.05 0.1%
CN e F ng/ 1 <0.01 <0.1
Ph B nzl1 0.8 15.79 34 <0.01 0.G5 4.2
Cd AEIYL mgf1 0.001 f.82 al <0.005 0.013 <0.01
he i me/ 1 <0.002 <0.01 <0.002) 0.006% 0.01
T-He 3R me/ 1 <0.0005] 0.001% 0.005 <0.0005 <0.005
de o mg/1 <0.005) 0.00498 0.015 <0.005 0.008 0.015
3h FTuowFE mg/1 <0.005 0.007 0.005
PCE ng/1 <0.000%
pH - 6.7 10-75 13.4 9.6 10. 9K 13.3
HAFHi ng-TEG/1 0i<0.008) 0{<0.008)
HARK (n9)
135
&l FEiy R
Cri+ IS T ng/ 1 <0.01 227 15
CH LT ne/l <0.01
Ph B e/ 1 i1 196 380
Cd AEIYL mgf1 0.0004 8. 226 38
he i me/ 1 <0.003] 0.00&7 0.01
T-He i me/ 1 <0.0005) 0.1834 1.5
de o mg/1 <0.003] 0.032R 0.1%
Sh FTF By ng/ 1
PCE me/ 1 <0.000%
pH - 5.3 10.71 12. 6
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2.2

Zn

#-3 ERREEOERESFHR

A b -REER MEhZ=TFH
Ph 2 6 1% 19 0% 704
Cr 7o 79% 21% 79% 2 1%
Cd HEI YL 9% 9 1% 6% a5%
T-He 3 44 965 0.43%]  99.52%
Se Ly 6EY 449 5 1% 19%
he i 36% B4% 363 B4%
Zn i 444 5% 35% B%
HALgdxL 58 Ha g4k 0.21% 99.79%
cd PbCI,

F—4 FRAREOEZE, ¥44X%HE5HE8

Yo eE R X
K2 FEH(n=69)
ol i) =

I'b fo mg/ ks Bah 233496 11o000
Cr el = P mgd kg 3 241 2000
od B F 3 rlng/ke 10 1585 47401
T-Hz Bific mg/ ks 0.13 1.6 43
= 21 mg/ ke 0.03 3.01 19
LE = mg s kg 1.3 44.5 4510
Zn Hig mg/ kg 2300 G230 214000
A A& nz-TEDS g 0.00n 0.165 2.1
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F1 EROBL»{EE B&E8H
Ignition loss and leaching test results of heavy metals
| b= 3
B | BREE | &FEELEE TSR 46 2
2L o (EE % 3 1 —
FEIwA, Cd | mg/t | <0.00L <0.001 =0.01
VA TN~ mg/{ 0.02 <0.01 —
Az v A, Cr*t | mg/! 0.02 0.1 £0.05
B, Cu mg/! 0.17 0.05 —
kiR, Heg mg/i | 0.0005 0.0002 =0.0005
&, Pb mg/! 0.05 .01 =0.01
S8, Zn mg/! 0.07 0.03 -
W A5sEs B uesitEeE
100
80
]
~ 60
Kt
& 40
@
20
(v}

BLv»< Cd

T-Cr

Cré+

Cu

Hg

Pb Zn

9 EROBL»{HE ESLEBRY EXRELOBRe
2, BEICHSTHRL BRI /3, BESRAEBHLNE
CET 5,

" Ignition loss reduces to 1/3 and leaching of heavy metals
remarkably reduces
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3.1

ng-TEQ/g
0.000012 0.0077 0.042
3)
PCDDs+PCDF¢+Co  PCB

H13.9.20 | H13.9.21 | H13.10.11 | H13.9.20 | H13.9.21 | H13.10.11
ng-TEQ/ %, 0.42 0.40 0.37 — 2.7 0.89
BF 0.00022 0.00023 0.00032 — 0.0024 0.0039
ng-TEQ/ 1 0.0033 0.0099 0.0048 0.0032 0.0041 0.0017
' 0.28 0.03 0.23 1.0 0.53 0.45
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No

42

Vol



2.1

Y

Ca CI
Hitz ()
HCI SOx NOx
( )
( )
V2N

i\ 2
b \W
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2.2

2.3

2.4

NOX

44

NOX

35%

(€))



2.5

350
Ca Cl
3.1 Ca
Ca
Ca
Ca
Ca Ca
Na NaCl Na SO
Ca Na Ca Na
3.2 CI
HCI Ccl
Cl
3.3
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3.4

NOxX
NH,
ng-TEQ/g
ng-TEQ/g
250pg-TEQ/g
@)
3.5 Ca CI
2
3 Ca CI
> _BF
Ca(OH). 92 kg/h 50200m3N/h
10 kg/h HCI < 30 ppm
SOx < 20 ppm
<001 g/mN
BF DXNs <0.1 ng-TEQ/m3N
50000m3N/h
0, 8 % YMVVVVVWN —Pp ca c
CO; 8 % CaCl, 69 kg/h Ca - 817%
H.O 20 % CaSOs 12 kg/h Cl - 847%
HCI 600 ppm CaCOs 12 kg/h
SOx 60 ppm Ca(OH),  31kg/h Ca d
2 g/meN 80 kg/h Ca - 183%
DXNs 2 ng-TEQ/meN 10kg/h L Cl = 153%
214 kg/h
( Ca 6lkg/h ClI 52kg/h)
Ca CI
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W.S

10 kg N 48500 m3N/h

Hm HCI 1 ppm

BF v SOx 1 ppm
50000m3N/h mg < 0.01 g/meN

DXNs <0.1 ng-TEQ/m3N

0, 8 % —
CO; 8 %
H.0 20 % +
HCl 600
i ) [
SOx 60 ppm 95ka/h
2 g/msN + +
DXNs 2ng-TEQ/MN " gg kg/h
10 kg/h 1 2kg/h 1800kg/h
90 kg/h -
Ca 11 kg/h Ca - 100 %
Cl 8kg/h cl _ 100 %
Ca CI ( )
1
Ca CI
15 20 HCI Si % 16.0
80 85 Al % 9.9
Ca Fe % 2.8
Ca % 14.0
cl Ca CI
2 Mg % 2.7
Na % 5.6
Ca CI K % 5.0
Ca CI Cl % 8.6
so, % 5.1
50 80 S
Ca CI
Ca ClI
Ca ClI
Ca
Ca CI Na
Ca Na
cl
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Ca CI

EDV Vol .56,No. 3
PP62-68(1995)
Vol .62,N0. 2
PP21-25(2001)

9
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1900 5,200
80 15%
2.1
1) /
34.20 4.62 1.03 5.65
2.90 0.38 0.13 0.51
37.10 5.00 1.16 6.16
2.2
2.3
(Pb) (Cd)
13
Pb Cd pH Pb 0 260mg/L
9 Cd 0 30mg/L 4.9 Pb 0 3mg/L
Cd
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46

13
Pb
1AWG 1.2 mg/kg
/ APC APC
Al 22,000 73,300 49,000 90,000 12,000 83,000 21,000 39,000
Ca 3,900 120,000 74,000 130,000 110,000 350,000 87,000 200,000
Cd 0.3 61 50 450 140 300 150 1,400
o 800 4,200 29,000 210,000 62,000 380,000 17,000 51,000
K 750 16,000 22,000 62,000 5,900 40,000 810 8,600
Mg 400 26,000 11,000 19,000 5,100 14,000 1,900 17,000
Na 2,900 42,000 15,000 57,000 7,600 29,000 720 3,400
Pb 98 6,500 5,300 26,000 2,500 10,000 20 310
S 1,000 5,000 11,000 45,000 1,400 25,000 2,700 6,000
Si 91,000 310,000 95,000 210,000 36,000 120,000 78,000
3.1 6,7)
1,200 1,400
3.2 8-11)
15 25
Pb
pH
3.3 12,13)
3.4 14-16)
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4.1

mg/kg

ngTEQ/g

Pb 1600 (22 12000) | 2740 (170 10000) | 108 (7.8 520) | 23400
(840 111000)
cr 469 (137 1400) | 170 (29 1000) 629 (65 1400) 240(3 3000)
cd 5.79 (0.30 55) | 100 (6.6 480) 7.4 (0.10 90) | 1580 (10 47000)
T-Hg 0.12 (0.01 1.2) | 6.44 (0.00 44) |0.019 (0 0.076) | 9.6 (0.19 48)
Se 1.21 (0.10 5.7) | 1.67 (0.10 5.0) | 2.7 (0.10 38) | 3.01 (0.03 19)
As 4.22 (0.14 16) | 12.1 (1.3 70) | 2.3 (0.25 9.0) | 44.5 (1.3 450)
Zn 5090 10300 1980 63500
(880 16000) (2200 50000) (15 8600) | (2300 214000)
0.028 1.5 (0.45 2.8) ND 0.16
(<0.001 0.18) (<0.001 2.1)
1
2)
11 11
9/ t 71 36 75 5 21)
Pb g/ ot 114 99 8 117
MgTEQ/ 2.0 54 0.0 0.7
Pb 54 46 6 94
Pb
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4.2

5.1

5.2

5.3

5.4

pH
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5.5

6.1

17)

cd
As Hg

Cd Pb

Hg Cd Cr% As Se
Pb
0.01ng-TEQ/g

18) 1999

50

53

90

Pb

Cd Pb

8,200

500

1ng-TEQ/g

250



5 2mm 2 0.5mm 0.5mm
Si 19 19 19 16
Al 9.9 10 10 10
Fe 14 19 16 8.8
Ca 19 16 17 24
Mg 1.8 1.9 2.0 1.7
Na 1.9 2.3 2.1 1.7
K 0.84 0.81 0.91 0.90
Mn mg/kg 3,900 1,300 1,400 15,000
Cu mg/kg 4,800 7,600 3,800 4,100
Ni mg/kg 390 1,600 250 270
Zn mg/kg 4,500 2,300 3,200 8,800
Cr 530 560 710 560
Cl 0.87 0.84 0.82 1.4
S0, 0.87 0.45 0.76 1.2
S 0.29 0.15 0.25 0.4
PO, 2.5 2.1 2.4 2.4
C 1.5 0.79 1.2 2.5
Pb mg/kg 5,200 5,900 5,800 6,500
Cd mg/kg 14 1 1 20
As mg/kg 7.5 6.2 6.2 6.5
T-Hg mg/kg 0.043 0.005 0.012 0.033
Se mg/kg 0.5 0.5 0.5 0.5
Sh mg/kg 120 70 120 98
PCDD pg-TEQ/g 5.54 0.45 3.46 19.8
PCDF pg-TEQ/g 13.2 3.23 7.58 46.1
DXN pg-TEQ/g 19 3.7 11 66
Co-PCB pg-TEQ/g 0.55 0.22 0.22 1.8
6.2 17)
19 (100%)
(80%) (69%) (50%)

12

54

20)

Al




6.3

21)

JIS

JIS

Vol .48, pp.438-444 (1995)

International Ash Working Group An international perspective on characterization and

management of residues from solid waste incineration (1994)

10
11
12 T. T. Eighmy
13
14
15
16

TIC
K

PPM, pp.17-23 (1995)

(1995)
Vol .83, pp.95-104 (1996)
(1995)
pp.101 (1993)
pp.88-97 (1996)
pp.930 (1986)
PPM, pp.18-25 (1994)

Vol.5, pp.46-59 (1994)
(1995)

PPM, pp.49-55 (1994)

pp.114-124 (1996)
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17

18
19

20

21

(2001)

13

pp.22, pp-74-79 (2002.3)

10

pp.785-787 (1998)

56

pp.7 (2002.3)
pp.69-72,

pp.-24-27 (2001)



