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Summary

The incineration tests of mixed industrial wastes using the stoker
type incinerator are carried out to investigate the partitioning
characteristics of heavy metals during incineration. The leaching test of
ash discharged from this incinerator is also performed. The results
obtained from this study are as follow:

It appears that the amount of heavy metal being remained in the ash or
volatilized into gas stream is dependent on the combustion temperature
and the boiling point of metal itself. The enrichment of heavy metals is
appeared in the ash at the condition of 700T, so the metal concentration
in the ash is higher than that of raw waste. However, at a given
condition of 1100°C, large amounts of Cr and Cu, with high boiling point,
are remained in the ash, whereas Cd and Hg, with low boiling point, are
completely volatilized.

The partitioning characteristics of heavy metals throughout this
incinerator are found that, at given condition of 700C, the elements
with the relatively high boiling point such as Cr, Cu and Pb are
partitioned into a bottom ash, a fly ash captured by cyclone, and a flue
gas stream, 67~88%, 2~19% and 6~16% of initial amount entering the
incinerator, respectively, but the Cd and Hg of 75~81% is vaporized into
the flue gas.

It appears that the partitioning characteristics according to the

particle size of ash is different between the bottom ash and the fly ash.



For bottom ash, the fraction of partitioning into 75im oversized
particles is relatively high. For fly ash, the characteristics of
distributions with the particle size can not be clearly shown.

It can be shown that the metal concentrations in the leachates of the
fly ash are very higher than those of the bottom ash. And the metal
concentrations in the leachates of ash discharged at the condition of 700
‘C are relatively high compared to those at the condition of 800TC. It
also appears that the leaching fraction for Cd is mostly high and those

for Cu and Cr are relatively low.



I. A &

A2 Az 237 degtel wel Ad¥Fol o WS AVNES
ool old Z7tEAe YT 2 ALE W dFAAT A, oY AVE
& QIzte] AAHEF D AuGFd WE YIH FAEIZHN A3 483 &
4 QA HAon, ol AREAI A FAARZ A dFHD A

ANEe] Ao ze AWE, Y L 27 Fol oy A¥go] 7}
B¢ AL APHo|n, YR tdx BN, oAV WA
o] #7128 A¥gste b FAV At EXuP LS Adertrl Ags
3 EWg 7l&c]l B8 flen dFAEo] shsdtd AF7AA B ddA
4 gal ol&5d gttt 23U EYviE e A& 4 (leachate)d] AY EF
oY A4 29 T 23 2¥e ALY £ UL VW op} A=EE
Arg Aoz AdZn A+ FGHI(NIMBY, Not In My Back Yard)d3o =2 <l
# Az YA 43 2 Sud Be o@gol AEHT At 53 2
E7F 34 v 3% o2 ESuPel & EAFe dS 44
@ FENAZ Rziged wel TE o]§&E Foli HAYIEY FF 3HFE
$E A7) Y43 AZE AZAHE HEE E=ol7] A% HFAHA x=Ho| o
2T A= APl FAHA, 1994).

A7129 AZANEYL AR FFE o1 AFH A R Az
9] quiAzH A Aolg) T kA sUFe] o AA=ZEe EY
FYe WA 5 A /M FAHQY dgoz AN gloy, AHIwdrt
7b thA Hsa, nFrlEol 87HN, dFe] Wy B YAHEe
o] EAlYo] A AT UrH(Dean, 1988). #H71E 9 AZAAHEA HAYHE F
8 oG EAL A, SO0 NO,, HCl 3 F3F4& ol gled, #2334 2&
JAFEAT PR JtAY CHAEAL 71EY 7o HAANLEHN &



E5EAA AMAANG 4 Ao AA BAA =HA goy, FFHAELS A
Ao o3 TASHA g1 hriFoe i s AT JAFA GF HHR
go] f71ede ob7|AlZl AT (HF, 1992: Takeuchi, 1986: Hughess}
Littlejohn, 1987). E§ 47z} ¥ HAHE A 1Y 3242
o] g3ty ko] Yy olFoX oy oF AxdAel Ax, EA A
o] RES HA= EFd dygdn Je AFoltH(FAAAY, 1992). &
A YA Y 273 A (bottom ash)t AR o3 A uFAA(fly
ash) ol A8 T35 HAEL A ESvld HEA AE5o g3 &
29 & 3o o2 g EFol A3$ Fol LA B FIFL
714 $-27F Ak (Chang & 1981).

olg} Zo] H7IE AZA fUHE FE4 299 FAMel YA o
2t HNEY 47 wE FF5 AR As WEEA, AAd A TF
EA4 D FEEA T g A7t d%EA olFAn AW, Gormant
Jungclaus(1984), Trenholm(1984), Lee(1988), Litt®} Tewksbury(1992) =
Fernandez 5(1992)2 H71E 444 222 RE wiEdHe 34 424
A% 2 BulEA iy 7S 391, Billings $(1973), Fernnelly &
(1985) 2 Buchholz(1993)& 4:Ztel wat WAE AFHANA ESAse F
FEAAEY v 2 AEEAHA U dT7FAAE B v Jd. a2y o
S REL dseA, dg 9 AR 2zbe] IFE AFoln, 3t
AU ANE 2ZHA] FFH5AAE AT B Av e NgTd dFolt. 53
T Aol Lee(1992)e] 2§ {¥F AZARdA £HAFE dYo=
22X FHAF Y FEFEAE 59 olF AEY IAZEAHA o A+
o} Seo F(1992)ell o§ FF& EF AAHYA AFEAHAN B A7/t £
HE AL B ol AL old g A77} ol F v FH AdAolth

g2t B AFMe 2EF] AZZAM AAHIEY] AGAEE ¥
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o] H71E Fo FfrEol Ue FEEAEC) 24T AN ojHE EWE
Hoz WMEHEANE FAo2ZA AZNE 244 FEEHAEA 4% WL
o FAAHE Hrrstna Ak oy Ao dF FILHE IE4
2 Y3l Ao EFuPA vigAdM 2T 5 e FEFd 9T
Z349 &% 7bsAdd datad ZAFOZH Yo A% FTIEE L9
Azal7] A WAL FH3ted o8 £ e 7I2ARE AAsua &
o

s
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1. #H71E8%9 FF%
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#H71Ee] BatHzgde HE AEYHES AFINAY HVEY AP
ARA 2 F de 2213 @ALHE Hristed e FLE VIERAR
7t =5, ol AP AAd wat 74 AEolY Fx Fol wi¥ tg3t
th. 3] #HUE F9 FISAHAEL AAXNEA GG AP L FH AT
oz AH wiEgo] HrIede oA AY A Fol AFHA EFeF
Ale] HrxE g HrEe 4AZd @E FIHAALY ATS BHUbse
AL olF FoF A7 HAA I, ol HJHME ¢4 HWINEFT TIS
FFE Hopse Aol Y.

ANE Fo FRHE FETEHES £ ded gx¢ 1 F 8 ATl
A Adeg 2245 ARES FAHoE 4% H7IE Fo $RE FIFE AHAESY
%2 A slo] Table 1o YeEFHATH Table 1914 BX & uigh ol
& AEEY TEE #ANE FF = B2 X7t A, & FFH
HAEQ ZAfdx o7t A% Ao Bu Hiu Qo] HIE FHA IE
AFHQA M tha ol AT, =ATF HAZIEQD BS PbY ¥
7} 7R =3 Hgel ¥=7t MR gon, dgLeA Fdve Cust Cre F
L7t B} AR v olF L FEEIXE Boln Y. a3 sf Fel
M As, Hg AES 79 AEHA L wde, Pb A¥9] 27 9E A
gl w3 FA ZAE A
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Table 1. Contents of heavy metals in raw wastes.

(29 ue/g)
Item Coal" Municipal Sewage sludgea) ¥Waste oil"
solid waste®

Pb 19~38 110~1, 500 16~7,627 1~13,885
Cu 16~36 80~900 458~2,890 0~430

As <5 - 3~30 -

Hg - 0.66~4 0.2~18 -

cd - 4 ~ 22 0.8~444 1

Cr 23~31 20~100 56 ~14, 000 8~65

1) Tuomo®} Kauppinen, 1990: Glenn 5 1988.

2) Stephenz} Gordon, 1979: Donald, 1988: Brunner®} Monch, 1985.
3) Furr 5 1976: Greenberg & 1981.

4) Whisman % 1975.

@ A71E% Meg AH uzarldE ta olAzel AAR, Hed
Ae H7E BoE 234 A¥Y vt dAFeR 21 FEEE YAk
e Aoz AHUL. AMHoR A RE HIE Fde oAH7HA F
o] FasHe AL B F 3lon, 53 s Ad =ARIAYIE,
6 Sdt gF FFLAHAR FFHHA UALET & 5 UG

ols} e ANZ B o HrEL AGAHE ¥ A FITEHYEL o8
ATEAY BujEAd wa A2l EYH triFes A WEH
o] WNLPLE NFAFNER A2AAFE BFA EXEA FI5 AR
o] A2z oF EAGeHe HAA(potential)e] F Aoz HaHY
(Buchholz, 1993).
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2. A712 A7o) BHE FI% 4¥Y AF

FANM HARAE ust go) ZF HIE Fov U FIEH JEC
g geH0 AL d F ANY. FEFEE GF FRE AVIES £T4
717 A 2z2t2e) W EA Foe 43FY FIEHAEC] EAL F A
B AL 2 gl vk o] 2@ Y(USEPA) ARE BHE £2A9 &4
o =X Fo] ZA3A PoAE ] oF 5%, 2 Hg ¥ oF 5%7F A F{F
A el F&E& & 4 ATH(USEPA, 1975).

29 AzZtxRol g2 Z71Fe wat HUE 4743 Bdd d7UL
Zo] FYHTE YW FF49 wiZe] #F AFE oA vFdo o]&
e ARE obF FAH AL B ol 1 ARE AR AAA W
EZo| W3] ZA Udgud Ao Wl AAZAE LA #4r] gE
Azt20A PR wEAE F WFoR ulEsEE PR H&e B,
A7 Eol FRE %9 8xollA 237X 2 2 Wt obF A Yeui AT
(Gorman¥} Jungclaus, 1984: Trenholm, 1984). 233 ATFE 48 2l
A dolA wiE ABAGAME wlZ7t2F e PbAE S FX7F 5,390ug/m' ~
72,400ug/m 0.2 438 & Aol7t UL & & Uk 2P HFol W3
ME otA AFHQA Ay Brisd AAo|th(Billings & 1973; Fennelly
5 1985).

walM #7718 Azte @}E FIFEAEY WE, AAWFESY viHd @
g A2 /M54, 2dxn 2ARFEY Aolg FHAA £ o 274 FFE
Hye) AEL 383 FAEsE Rol WA TH(McNallan T 1981). € 4
HME ¢4 2F454E 9 Pul(partitioning)E Aojste & IPEET &
aA oj#soret & ot}

23452 F4T ANE 23N FIFEARY AT S AT A



e B B AYEC Fad 4%L A "o

- H7225E $349 713} (vaporization)
8 A9 Ate} ¥l 2 Ewr (entrainment)

- 2324 Z7]¢ €2 (condensation)

- Fume?] €% (coagulation)
- lAERAY 34 Z719 3 A (wall deposition)
- t7ie g AAFA A oG A AA

ol BAE FAME 71F FAF A F9 e B Ae AVER
RY 234 38Eo] dFo g siHe Aol ole &7 AAHA FH
zxoz WZEE YREe FI£ YASL 7IgE #4F T $&d
&AM HAE7] gFoltt

w8 HrEFe 2345 AR HA7IEUW & organic matrixfel 2
BEA YA E(mineral inclusions) 2% ZA&dAY £ {7137 EY 7%
el 288 9424 2484 @t {7180 BA AR o FE5
HEL A F99 12 -AaHZE9(hot, oxygen depletion zone)ol FZ}
Hog wZuA "tk o Bfd FIEAHEL Fig 1ol Yekd uig ol
37tA 8 AR F, 713, w8, £t F¥-&(no response) F o= ¥ 3%
e watM AgFds dalA 3th(Lee, 1988; Flagand} Seinfeld, 1988).

Z 34 Z7)|(metal vapors)E 122 FAxGdeA Zistgo 2N ABAYH
=4], A4 (combustion chamber)WjollA] olE F7]9 HEe] F7I¢E 2

#3 Aol $F0] doiuA Hoh
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old &g Fatyrgo] Yojur umA H|F A (nonvolatile)d A=
¢ 3eEo] AAE AE davtAV ¥4 E Aol dojuA €EH. o
R o g olgjg L&A FANAYAITA (homogeneous nucleation
process)® H] 7+ A 3 A3} A (heterogeneous deposition process)o] FAEHE
Aoz g2l A 3ot (Flagand} Seinfeld, 1988: Ho & 1990, 19914, 1991b).

Aate] gRAPAAHY L F71AA 3 AZE W(nuclei)o] AH=
BPozA 715E 3eEe] BEQe] F7IME 2AY wo dojuA dH.
oA A2 ol AAHY, o £¢& %E(collision)s®} $3
(coagulation)el Q3jA agx AA7t2el Yo ©e 7159 vidd ¥
Z (heterogeneous condensation)ol 2J3iA A& & otk o HFLT A
HAM A dAe a3 e YJAEEES vt g dd. A%
AZAE BE QaA A WETIAFAN FEFEE FRT ofF nAG <
Z}(sbubmicronic sized particles)’t £A o2 3] Wo| dPHE dUL
ol oz Y & Ut

AR AR L davtAFe dAY TRt 21 71%tE #S%EFY o
TIEs 3 o, Y2 el PAo] flo] FH EAFE o8 Jted
RERge] $&o] dojus BAL AFdE: Aotk A7]A o|87tsd HW
& AFsHE AozZE A QYR YAHE YAEIY vlAFE HA
JAEFH Zo] AdaTIAFo o] EA3n AP AF JAEL & F U

=3, BT JE AVNE FHU9 Bl FFEAAL =F2E e o9
74 wrgol Aol 4 Utk AEEW, FTTE ALl 242l IHHL
2 23T Y FYUES 7 (locally reducing conditions)ol =& HWE €
HAZNBW A SR A3E Jyngdx 2 FuH 43E FYE A
234 53Foz APY F Ut 53 FF&£Fo] £4A 4 HAVET
organic matrixdlA BEZH UL diau &3 S JEEFH WA

o £ =



g3 QY #H71Bel FAEo AP FIF4& HAFERUE o & ALAE
AUe M2E 3etFol AAHEE ez delA Uth(lee, 1988 Ho &
1991b).

a8y 71 Bdel Feo] (hulk)BHE EAsE FFELS B A A7
29 F9zHo) %L A g1 242 Fld FFIAY v §]
A8 A3t Q474 E wa HAREHE 4

olg} o] HrIBe FFHE FFHEL AVEY d4LFAFAN EFE &
3 AU HFA Hu dREe 713tE F YA ARAEE ol F3}
Ad Z1AZHZ A B 4 & Uk oy FAET AMA M 4A
o 271 FAMAY A gL Hirled AARFANES FHNEAM EIHA
U w7120 2 W& dch(Davison 5 1974: Dean, 1988).

3. &7t }E FEL ALY B3

GAHAAM A B uls} o], HZEY AZA AVEFTA #§#FE FTES
Ayrse A Ao e AFIHA, uAHY agdn 7AYo E EXE 5 3
|, o]d ZujAAd g AFE A g4 @ A2 £2A %
Ze AR AZNEY Azt WA olFojd ut ftH(Kaakinen T 1975:
Klein % 1975 Greenberg % 1981: Fernandez % 1992).

Age] AdAA F2F45F9 RulnAyd diMe 2FIA, U4 H 29
I 7l EAsE FFE5F TEES JIESE Table 29 o] A 3
aFe® BEFIZIE @9 (Klein T 1975).
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Table 2 Classification of partitioning behavior proposed by
Klein et al. in coal-fired power plant.

Class Elements Boiling point” Concentration ratio
() BA/Coal IFA/BA  OFA/IFA
Al 2,450 9.8 0.9 0.8
Ba 1,640 7.7 0.9 1.6
Ca 1,440 10.6 0.5 1.3
Ce 3,468 10.2 1.0 1.4
Co 2,900 7.2 1.9 1.7
Eu 1,439 11.0 1.2 1.0
Fe 3,000 10.3 1.1 1.2
Hf 5, 400 11.5 0.9 1.2
K 760 10.3 1.3 1.2
La 3,470 11.0 1.0 1.0
Class 1 Mg 1,107 10.2 0.9
Mn 2,150 8.7 1.0 1.4
Rb 688 6.6 1.5 1.2
Sc 2,730 9.5 1.2 1.4
Si 2,680 9.9 0.9
Sm 1,900 8.2 1.3 0.9
Sr 1,380 7.4 1.5
Ta 5,425 8.6 1.5 1.3
Th 3,850 7.1 1.3 1.3
Ti 3,260 8.1 1.5 1.7
As 613 3.6 6.1 4.0
cd 765 2.3 7.3 6.4
Cu 2,595 2.4 7.0
Ga 2,237 1.1 16.2
Class II Pb 1,725 1.3 12.9 8.1
Sb 1,380 1.3 18.8 4.6
Se 685 0.0 310.0 3.5
Zn 906 2.2 7.4 8.0
Hg 357 0.2 1.8
Class III Cl -35 <0.1 ~1.0
Br 58 0.5 2.0
Cr 2,665 8.4 2.0 3.
Cs 690 7.0 1.7 2.1
Intermediate Na 892 7.2 2.0 1.1
group Ni 2,730 5.3 2.5
U 3,818 6.8 2.0
v 3,450 9.1 1.7 2.7

BA : Bottom ash, IFA : Inlet fly ash, OFA : Qutlet fly ash.
1) Perry®} Chilton, 1975.



Klein £(1975)& Class 128 EFH Y425 A4A¢ HEsA ¥x
AR BEstele Aol A7) @R vAHAQe} AFHHAMY TEE
Aol H%sA Udetuns #EF wid s v A (outlet fly ahs)el A5
= A%e wolx Fevu Busiyth 22y Class Oof £3te 9452
AaAe A FLsr] QR FFIAHNA AFEH7] Boe A7t
A MEZE WA b2l YA e HAFAdd FFHE Al AM AF
W2 s e vARAFAM =27t A Uegun Class Dolls A4 dA
Aol tiRFol NAZow FAse diaEol EFEUT P Eo=
cr, Ni, V ¢ daiAde 53¢ AYE dgAe dkey, Class [# 1T
o REHE 9459 AAL FAd AU daEclgda A, Table 29
A RojxlE ule} zro] Class M9 Moy HPEFo] HmA ¥ vFTHE
1A AAER FAH0] 1o, Class [dl& vl & HTHLE
A2 FTAHY A7lE AR, 4459 BEulE wEFHvo2E ERE
gt 9485 ¥ue AHdE & F Ut & W, Cue B2 HETH
1A QAP AFE s Ao Rb, Cs P Mg =L HTHS Ad
3} 2L AL 1 AST B F Ut ol A8 F 949 FHd wa
] A4 AFol AFETI BE Zo] B gty Ry 31 UG

Z+E o] WiE QA WMEHe HI7EY dbAde d47FAU Al S0, HCL
2 NOy Fol 9F XFE £ Ao AMee dAaFAAAE TRHLR Ho|7t
AL 4 A, HINES 4AZ4Ad HClE E22HF9 d4fFdA w3}
o, #H7Edel Za2ge g waM stAad w27t FUHsHA 9. 7t
2ol Had FIFS F7I9 HCIZE 37 EA3e] @& F3 @Al dHA
£ ¥B2 dFoAM oo AAHE v} Jch(Greenberg T 1978: Cahilld}
Newland, 1982). Cahill® Newland(1982): H|At3Aje] FFEHo Ue FTF
£AF FoAM vlF Aol 1823 ©]3%] FE£HFEQ Aol A BA
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N Z2AE0E BRFARE V)22 AR-$F AIUES AAEIH. £
a5 A3E, #3532 ¢ FF45 AAY HARAL vuIEIA FF4&0
FAYA 71 A(matrix) el AT AN, FT2 BHgd AL AYA
2 AANE AA QA2 1 BAE] ¥THE MM, old AHE
e o 2 klein $(1975)9 {5 e $A}rIE Aoy ZRHoRE
TUT ERYS & F Utk

Greenberg 5(1978)2 ul7lAulel EAte STl HCI7E 849 #
ol g8 oA shsAdel Adn sgen, AL-FEFAYS S} 7
Al gz} BAHo] Qv PAE=ZA Na, Cl, Br, Cu, Zn, As, Cd, Ag, In,
Sn, W 2 Pb & AAG v} Ut 25 AAVIAFTA JAaAFEY FE
7} o™ HlEHo] 127K o3 AHEBES WAHAY F A+ 7HeAel U
o}, FuAo) e Al Fe 9 H32e v Aol FHI] &
T2 BN 1 HLA Sl ok G Agd] Avode dA
B A5 e A3%s AAF v UG

TA #7118 A27ZFA] dA7FAUel HCle AV 28 Be d4d Z
72 AA719 FAAQ SHXE PAUANA 3B AYEF HCl, A
2 FEARE ¥ d3Ee A4 AP d9%AHA EH (L
g2 BE 98 ARAUA(46°) & AA)E B3 HAAdA &

#

Aste T4 AFELS QM2 i AsEY d9EHA x| w2}
A Zt7) g8 A%E HolV|E ot AME ¥ F At F, AHEo ¢
BERT AAFITH 2 YAEL 71AA o2 Hol(mechanical transport)=
o] wa3| Ao 71AWA BHE RAolx, AHEF JHEY P} ¥R
st 9450l HE-8& A 7|AHL wFtUF o Helsgn, ¥
o7 @3lEe AF:I AERG F de FIFE ABRES HAL-SFH



oA Aol=o] wAs e B FHH T SAET ¥ BT
¢ 3493 3tgth(Fernandez F 1992).

ol Aol A AH B uiel Fo| HIE Ee= 4F A8 424 ¢ Aihd 0
FTEEAEY PudAe dLeE T *+AxY, dEFY 94 Ec
AEo g3 349 2, AFAY 2dda wiEviAe Yass
oz AzLEd 23 A¢gS ¢ F At G A HYE Lztd mE
49 Ho] W7l Z(transport mechanism)ol]l tHg LA sgo] o]F o
171 Y8iMe o8] REAAM WL B 77t ol FojAor & AHoln.
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1. A¥AAA

B AT ALRF A2 2B 24224 X9 NFEE Fig. 2
o Ut 2EY 2d=2E A4z, 948 54T+, 3NFE], A4
W LEZAA, A MET o2 74N AUk Fig. 20 ded 2E
744 Aztge @3 Azt &aAe Adgoz A A HIF o
g A B3lo] Ve TREA AFAFY diie] Y AFH da AA
o], a%e H7E HAANF AFAHe] A¥S s, ARE 13 A4 o
&S L2 TAH Uk 12 F24E AR dAvtaE AQALrd 48
A3t cyclone(FAA)Z FAHEE FAHA AT, 44 3% AFAA
A HIEL ANE £UTF ZAM AL o183t HI} ALF I
2 AF F7E, 281 AREE 94 FIVE BAY FYEEAAN I
S AAIA z2AsY AFAd HAHA Ae H/EY @35 FIA T,
ol WY AFIIAE AR AaxAZ FYSHEM X2 FTEFHE A48
710 A A A4t olFA £ AT F AAHUY. TP dLTtA
1A Q442 A AQA4E 4 JAMAAM QAL Frisk ERHE
A vdEEC] AP4LE £ JUALE sigon, wrt2Fe 2P e ol 3
AT 2 g, 442 44 Fdz A FEAH] 52431 dad A%
S A7) st 242 AA gy WAE 22 FAHH jloH,
Wzt 29z Qg REEL level gaugeE: AXdd AFoR REHT
= sqd



Fig. 2 Schematic flow diagram of Stoker type incinerator.

1. Air pump 2. Air chamber 3. Air nozzle 4, Vater
chamber( jacket) 5 Water level gauge 6. Cyclone 7. Inlet door
8. Bottom ash discharge door 9. Fly ash discharging door 10. Stack

11. Sight port 12. Grate



2. 2ZyiA H71ES A%

B Ao AL E AztdAd VB EFHVIERA EFPVIEL Table 4
o LyEMA uls} gon, BTYPEA 2 A4 A 223 FEE AR I3
ZAAY BAATE Table 5o VeI, 712 AddA ©18d H71E
e AR e §% 2 A 9P FEHE FHAINY A4 AV1E
3m oldyt HEE AU F A48 AR ol&dUT. 1 2RI
27t AL HELS AN rIEe] TgEe] Jern FRAVIES
274 B¢ 2 2Zo] §ol3EE 7] AH H7IES) AVIE Sem =T
Sr2 Agsy udB Tl 2.5kgd Fo} A28 AIg2 AHBAT. &7
g A7IZS A7 A AL Ao gREI] del HAL P2 "o
A BgA dart dojue AL WA A8 grate ol 2H AL F2
olol 1 Yo HZiES AA}A

Table 4. Composition of mixed waste

Component Fraction (wt. %)
Waste synthetic polymer 61.80
Waste leather 9.60
Waste rubber 5.60
Waste oil 23.0




Table 5. Analytical data of mixed waste

Item Composition
Proximate Moisture 9.43
analysis Volatile matter 74. 40
Fixed carbon 8.04
(wt. %)

Ash 8.13
C 65. 69
Ultimate H 8.44
analysis N 9.32
(dry basis, S 1.09
wt. %) 0 4,43
Ash 11.03
Pb 49,38
Heavy metal Cu 14.98

content As -
(zg/g) Hg 0.67
Cd 1.65
Cr 157.13

3.4 8 94y

1) A7|2AMe] A4AE

ex 2o g FF4 AEY AWAEE Aotsr] A4 ¢4 AV=E
dGAAH Aste LA ASATIL, AVRY 2E7t dAXEER RFAE
o 7 3mm 032 FA FEHF A2AdF AVE 90ge =7Hddl 30g¥ U
W gol 2HAd22d2 AFF B F =/MUE & F AEE B
£ E FAld AZZdd ¥AG. B AFdM ol&d #HIEH Fo] ¥
dRe e AL e HNES 1o E A8 AVIZ2YWE oW &



HH oz FHuEe FAF Asukgo]l dojAA Alge W7t f4dE
omz z7lde F4L Bed dA4¥E Py, FAEE AR)
o] AU F74L FolEHE o 54 AE LA

ol dArenE A AR SHLEE ;s 700T, 90T R 1100
Ceo] 3oz WIATNEA A248L Fgager Y44 IFrIAc 35
£A4R 2L AP AR AHSSAT

2) 2EF AZtRAMe ALY

AZ4A H7EZ0 FRE FFS ALY BuEAE A4t HEto &=
Egl4 AZ2E o83l A£AAYL PaAAT. WA FAUIE FASE AT
e, AP 1/4 A=Y HYNES YT F FHEE TEHD G5
Z el WztsFe]l 2EFAES Y. #ArIE T (inter door)E
A1 HHYL olgtal FHEE HHAA HA7E Gl s D O]
2olztta wed® o 4Z7)(blover)el F Wi (main damper)E °FIH(20%
A5) AGAA R, AFE7) d¥e A FA24HAN 4437 FFE
2272 HEAAY. 22U €57} 300T ooz Fsdd dA4E7NY F
FZe 234 Z7MAA 7idzl 700C ool W H7IE FUFA wat A
Ag AFFel B dA2FS FFANUTG. T 2 aYoR AT
A HNES 1A BACR 30kgd FPEAL, 2B &xE A3
A 4247171 98 AFF7) dE A0 HsAoH, & A=A
(700°C, 800T)olM 4AIZF B¢t 27He 3t FUE s7|Bo] &3 &7
gx2 san. Azte] ¢EHE AQA iz wWiEd At JAFAAA
Y AAE W2 FA%NG FAS AFH F 4 24T TS
AR ¥ 2 B A% Al82 ol83AT.



4
i

3) TEH

AW NS o] 24 3 2 42212 Z RRAA F£A8 A F9 F
F248 X2 2A3l7] 9# ASTM(American Society for Testing

Materials) E926-83¢] A E W¥ % Fig. 3o Yetd Method B(Nitric -

Sulfuric Acid Digestion) Wyol wel A& HAM2] SFHATHASTM, 1987).

Ao e AAL A AU EAE AsgAHd AP 22 HE

gAzo 2Z4&AHR et YAFF B A (PERKIN ELMER 2380-AAS)E ©] &

st EAaiqoh. @8, Hgel Ast MHS-10, ED Lamp7t ¥-3¥ A {FF3F:
£ o83t Mg B3I

4) T34 A8 FE4¥
ANE 244 BAEHE dA EGEA A 29 F 2ALEy vt

g
42 #rtsted 88 QAU He 3345 AR AEEAS Yot B
A3t AZ4AFAAM AHD DF3AAL HASAE Fig 4% 2 7 F
ZAANEH (A71EH)Y FFE& §EA¥E WY (Batch leaching test)ol w
2} pH 5.8~6.2%0 SHTE o183 FEAEL B3A



2g of crushed ash
(200 mesh under
sized)
)

Place into a 250m¢
conical -beaker

| Addition of concentrated HNO; 50mé

I Heating I

'
[ 10~15m¢ of solution |

!

J Addition of concentrated H;SOq 20mé

- Heating

Addition of HNO; — !

Until no further
ICooling—l darkening of solution

l } Yes

)

Filtration

| Add distilled water

[ 100 m] of solution |
]

Atomic Absorption

Spectrophotometry

Fig. 3 Method of pretreatment of ash for heavy metal analysis.



Ash sample (10g)

J pH adjusted solution (pH 5.8~6.2)

Mixed solution of 1:10 (W:V)

|

Stirring for 6 hr

|

Filtration

|

Analytical solution

l

Atomic Absorption Spectrophotometry

Fig. 4 Batch leaching test procedure.



N

m 23 % 313

1 AZl2d 44438

dtHo 2 HINEE Az AP HIES] 20~30%7F HIHA
2 4T, AAE 233A Fde GIFF FFE AR FRHA Use
Aoz FA len, HANE AAA AARRE F9 FIE ALY =
B AZE $HLT ¥ 9F¢ we Aoz 4A UG, Roberts}
Neylan(1977)& 3l5£21x 4244 d4xekd gt A33A Fo FIS
AR 2ot me zol7l oty BT 8929 Buchhloz(1993), Brunners}
Monch(1985) 2 Vogg 5(1985)& XAl ¥ 7 & AAIA Fo 2AF3e
FE4 AE vxol U A7AH4E HET v A

wetd B dode AA 42Z42dA9 FI3& 2WEAL Hrle] A%
NE2ARE A7) A3, A4 LxxAo] §olg HV|ZeA HIE d24H
< #3Ad. ol AALEE YA AZE FHLEE 1 700,
900, 1100TE ®AZFod, & AxLroi HINES 4N F HALE
AAZFE 9 FFHAHE T8 EHF A0S AHVE T FFEA
® sx9 vastd Fig. 59 YePH AT Fig. 5oll4 B, A4L2EE 700
TZ FAA oA H7EE ALAZHE d HFHED AL2PFE T &
e FEFEYE SEE YM7IEZY FEEARE RO Y =4 dE
Ued ole didd A3 #7189 EIrt Fo EWA HIE Fo F/H
o AW FFE A¥ol AFIAFTA FFH7 HEoE Adg.



Raw waste

700Cresidual ash

SO

900Tresidual ash
1100%residual ash

B

/224

Hg

AR

10000

LU

1000

TTT 7 MmTTT T DU

o -— ~—

(@]
o -~
—

(8/%7) uoieUBOUOD

mmTrr T mrre T

o

0.01

Heavy metal element

Concentration of heavy metals in residual ashes

5.

Fig.

from waste combustion by the muffle furnace.



A B
3 gage 2 5 ed, o L A4 HNE Fo FIHAE
3}

N ge Adoge F9 FPL T Awse fo| ¥y HFagHn A7
HEe Aoz wpordt. EF ol e FILAHL dAATE TIEA

E AHIIE 39 FEEt o 2v] FER FEH YNy, 2 o9 4
2exold AHD ALBAZ FoAME o}F R T2 EAsAY A9
AzHA QAT olRL Hg AEol @24l Table 2014 ¥ upet o] Hl%F
Mol Yol &4 AAYL NEHAY, HLLErh @2 AsER FolHd
Aol Ago] A5y WY Ao AAH, Vogg 5(1985)8) Riio]
&w cd ARe 27ZHAl HClol EAE cd'2 stde wa 7%kl w8
dz2=2 FA4gs=ol Fuddn sdgou B g7 ol8H AVIE Foe F
AX%o] Bas0l UA %ol 700T EANHE cdo] BFHA Fol BF3
T YA 3 o4 LEelME d AR Ade FALAYPoR A 4L7GIA
Yol zFste FE7h Rold Aoz Aztdth(Seo T 19927 Chang®t
Biswas, 1993).
iAo BjEHo] B Cust Cr ARL e 345 AESd vla a4z
Z9 Hx7} FR8A 2 %2 Btk Q2R Fo Cu 4R F
T AALew7 700TQ ZZA 87.6ug/g, 900C ZACNME 30.7u8/82
2 B Fo Fxru 74z 5uf, 2P = EA YeEigers, 1100CT =
AdANE Z7I%te] Ee 3B Y4H wt dAF ) FHRETe 4H
7129 Sent B 1.2u/g ol H(Fernandez T 1992). F3J Cu AR R
th B EHo]l o B Cr AR A &x 27 (700, 900, 1100T)elA Azt

=

i3



A2 Fo 57 AA7E F9 FrrEY 188 oY FHH AFRI= A
o2 JEhgo, Cr ARL 1,000C ©]3te] dazdolME solid A2l Cra0s
o} Cro; 59 HwA AT AZER HolHEg AFIAFH LEEE F
zgin), 1 o9 LxdME Cr AE F9 4RVt 7k24e CrosE AdolH
o] #ure] AlZgo g <ld 1100Ce AxzAdME AAF ARFEH
g4 gAasE Aoz Azteri(Chang? Biswas, 1993).

I AxAFNM BAY AFYAFH AAF FFEHAE FEE v
goa 7zt 2FE£XR HAF AFEEY PP L AL FHE Fis
6o FEFWT). Fig. 604 X upsh o] 700TC e AxZ oA Hg AES
A NE Yol T5H 2F9 o 15%71 2FHAN EAsH vUriAe #H
WEls Aoz uelhdth Hg A2 AAZA diMe dvAsd %
& z}o]= Moleu Brunner$} Monch(1985), Fernandez & (1992)el <j3bd
HgAlB& 700C olate] dadAdAE Ao tiiFo] 7tadoz HAddd
3 B 3g widol, Richard £(1980)2 AW A2 SAXANA Fild A
12Ul aE Hg AE EFe 50 FE7t AF AN EAFHT B
g u AT 12l CdF Pb AR Hg AR Wsd IALEEE UHRL
o cuE 70% A7t FdEm ALFAE Fole 30% A=V FFHRI}= R
2 Yggou da2xrt 7842 3345 AEEY HEgol xoiA
Aol Mol 7B P & 4 Utk ool W HNE Fol FHHol U= Cr
Are oA HeAol thE AR Hls| ofF Pol G4 L%E 700T ZAA
90% AE7t Azt Aol FFEI, 900T ZAAME o 68%, 1100TAME
40% ATt BB A EAE Aoz deigy. B a7 AT} {fAE
o A 7 E LS Greenberg £(1978), Seo 5(1992) ¥ James$} Lum(1983)e] @+
ABdNHE Bug vl 9o Wahab(1989)x J22%7t F7MEs4E TS
HEol st Aol A AFAAU EAs e &o] #AIH Hust
gt
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o4 Be AR B o A/E Fo FREY 3T A¥E & FES
Hpel 229 A4exd uwa FRJA nEED FEHAAY 712
Husle AAASS Holn, AMHOZ Lx7l FATSEE HAW IE
e mee gasy HEPol ¥ FI4 AEASE gaHE FEs) 2

A UdeE 2e & £ AR

2. W% £7A FFE H¥S EHEA

A7 EHNEE Fig. 794 BEE ulel Zol AAedd 33 Fo ¢ FEol
AQPe Q3] o) WFAHo T ALEHH, Ajle] e JHrE
A 5oz A3 HIEY Udo] HH Tt BAd e I¥E FA
g 4 ¢A =HAh old ma A2 HE AHde daeuddan g&EstA
QR1 H7E At 47 T Yo AF3UF F ATHHELT A4
P waro g 1 FA7E HEn Yo, wef XNHe H#ATIEY Y =
A, 281 Fig. 79 Jebd A FAA & 2345 ALY VAR E @A S
W OHE AEA 7} FF4 Aol B, T, EFd fYdHe FE £
4 AL Aoltt.

getx B FHeMe HE AZGA FIHEAHAE] BWEAS HE)
A& MHAFA 2EF AZt2 o] AubAHQ FHZQ 700~800T 9] 2742
A 7189 AAAPE Y3 FAFIAASG AV THE HAAANE
By A F A2 2345 $FL £y, 2 2IHE Table 69 Ue
WAt Table 69X EE AT FI4& T/t AR T TR
o EY =3 ¢ 5 U

o L
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Fig.7 The position of waste treatment in the global cycling
of materials.
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olg} e AME AFHAZY FEFEARL 2744 L2 BY7IAA A
s e gdnt AT uAggde JA7) FRAN ALTt2T @
Ztgo] wal 27149 FIHAFo A Edd FFHE FAo] F7t
57] gEoz Azt 22y BuMEAL wEUos 37 £ gl
kxol Mk Talslof SIE 2 Table 60 Yebd ARE FI4FX 9 Fig.
8o UJEIA 22&AR] EASAAL nigo AR ¥u HEEE T
sta] 1 A= Fig. 9-1, 9-20) JYEHHUTH Fig. 9-1, 9-2614 RE 37
B AZA 2324 MR RulEAL FIF4 ALY TR o FRE 5
Ae Bolm glon, AxMHoZ GHM HAEE FIHAHAE HATH
FALS S BRI

A7k %7 700TQ ZAA HIE Fol FRE Cr AES oF 807} 2
a2azdel RFsn, 7Istde] dr1Fez MEHE WEL 16% =2
23 Ao BEE vgo) W =L AHE BATh Cr A2 19 Ax
B0 M BmA FE FEAHER AolHo] FuHe R AFAA
o] EEE &) B, T AHE, FE, IS AAN HTHE ¥
A gol 9o zdd 9L AA L7 GEd oldF ZATF UEd R
2 Bogt(Klein 5 1975 Seo 511992: Lee, 1992).

Cu AEe #FHAU Euise v &o] 6732, HZE Fol /€ Cu
AEol dwAH AZtex ZNA ZFIAAFT FF3E HEo] 8%l
B 1% Brunner$} Monch(1985)¢] Q7 As}e] vl# RFIHAF FF3= H
go] i e Aoz Jegt. ot 444 H B F14 HER{L
¥ggoz s AZ¥e) @t cu ARol HEHo) HZA 2 CuCl, A3t
22 AHolsHo] 3o i Bo] dold Aoz AtmdtH(Seo T, 1992). &
3 Cu A% e GEALY Hd FAZAAM AL wBFAF vlgo] ¥
S PHiEAHE By



Flue Gas

Fg X Cg = Mg
Cmg = Mg x100/Mo
Waste Cyclone Ash
Fo % Co = Mo Fox Co= M
| Cmz = M2X100/Mp
F. X C =M
Cwmi = M X100/Mp
Bottom Ash

Fig 8. Mass balance of elements during waste incineration.

Co =
C =
Ce =
Ce =
Cw =
Cwe =
Cwg
Fo =
Fi1 =
Fa =
Fg =
Mo =
M=
M2 =
Mg =

zodd H/EFY FF
AFIAFY F&5 T
HAEYFe] 234 ¥% [ pg of metal / g of fly ash ]

Bl 27}~ (flue gas)E 9 28% ¥ %[ ug of metal / g of flue gas]
Mool B P AZHAFo] FRE T35 NEE&[% of metal]

Mool T wj At B A Fol P8 FF59 WES [ % of metal ]
Mool @ WlZ7tAFo] 88 FF459 WES[ % of metal ]
ZQd #7159 o [ g of waste ]

WZd BFA) & [ g of bottom ash ]

29 vazAge < [ g of fly ash ]

wiZE wlZ/tAe] % [ g of flue gas ]

Zqd HIERE F249 % [ ug of metal ]

MaEd BFAAF 3345 FF [ pg of metal ]

A9 A AF FF5Y FF [ pg of metal ]

WlZg wMEAF F3459 FF [ pg of metal ]

£ %% [ ug of metal / g of waste ]
[ ug of metal / g of bottom ash]

a2 E My =M + M2+ Mg, Cuu + Gz + Cug = 100%,
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Fig. 9-1. The partitioning of selected metals in waste

incineration.
1, Flue gas : |, Bottom ash : —, Cyclone ash.
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Fig. 9-2. The partitioning of selected metals in waste
incineration
1, Flue gas : |, Bottom ash : —, Cyclone ash.



Pb ¥ 2] 7% Brunner$} Monch(1985)2] A7 AMNE ¥ YurzQl Az}
. ZqM AZIE AZ3A BHYARFA FHF3E v &L 58xolm, A
Z1ofA EREHE vAHAFT ) vE&S 37% Fraty R v e 2 d
TAME £Zh2EE 800T2 FAF MM BAHE FFIA Fol 2uis
T Pb A9 HEL oF 45%3F FAG AR B a3y B Q39 700
T z2dAM BAE ZFAAFT FAF3c v &2 88%, H]AAF 2]
& % 6% L2 7|9 A B AolE Roled oA A o
27 A AR Ao = Alsdrh.

Cd A& AFHA Foll 15%, HAHA Foles 4% = FF3te <f 80%
Are 71Fe2 WMEEE Aoz %= Ut Brunner$t Monch(1985) 9]
AP AFAAAM BE Cd AEL 71838t di71Fez HEsEe dige
71l A EFJHE v Ao AFRSE ¥ ¥ Aoz Y Use
A 2 d7dMe AA7dAM 18 vl FASE v &S ofF
N7Fo 2 WZEE HlEo] ofF & FulEAL B4, oF Ang:s
aztA F713d FFEAAR AAavtavt YA g4 g olF nlAE vt
A g %, FAHO LR FHEHE AoF A oy B A
F-o Al AFEE cyclone 3 A 10m F= 2 o4 A9 F2 FAFH
7] Ee] FFE F719 FHEo] ¥ 10m ol&e] MG Y7L T
A ol JUHo2 fr]FoR HlEHE v &o] EolF Aoz MuHY
(Copeland, 1975).

I3 Hg AES d71Fe 2 wiZE e v gol 75%2 71 ¥1 H)Ah A
TA= 1.6% o 53 AL Fot Pulsle 5L Bgon, uTHol ¥
ol 873 AFAe) REulse v go] 23 A2 Q3]e] od YR
O ¥ Ao 2 veigd. AFAA Fo Hg AE) AFH & daAaXe A
T2l w2t & zol7l A=, Brunner$} Monch(1985)€ 718 A ZHA|

2o
2

e
ki



Hge #wWAdo] =& 48 938 2 42 82 Ho| Hol gREel Wl
2 wWage Aoz ¥1 &1 You B A7AY ATA}E HE L7
Hg o] AR Fol ZASE v o) 4% AE FE 5% Y= & WA
2 doly 1 olfE o}F W wHAA % Aot Richard F

o] AFEE M Eol Hy Fase Ao YEHREH

cre] 79 o5 ZAL 800TE fAst AL o 700C 2ARG
AENANZE AFRHE UL F 10x FE7 FAFES 2AL, 71skH BT
zo0z WaHE H &L 10 AT7 F718te] WiEHE A2 UEET Cu
= 700C ZAAA AFHAd AFsE ugo) 65% T AAT, 2EE F
AL Wi o 20% LTt FASE Ao Jeigy, HEs WriFe
= w2dE vLe 15% ALY Z7lEE Ao2 yEEt. Hg G AEE
A2Zte 52 Z7AZ A BFIA FuisE ¥ &o] 700C TiHG <
5%7} 7ZtAE T, H71F02 WEsE vEe 5% ATt Ve AL & 7
AR}

oA e ARZ B o HIE Fd AP FI& F Cr, Cu 22X
Pb AL H7EL 4AZE d FVIFHE VgEte Hude ol ¥nA
Aol 22t2 BB YA Fol BFEHE Aol & FF& (lithophilic metal)
o]il, HgSt Cd ARE A7 B %ol sl Ahrtxst 4 WiEHe
HAL AU 274 (atmophilic metal)F 22 EFT & Adx Bddt



3. A Q1AE FF5 Bl

Jjt

4

A7t RIIHEAE Aie AF A &4AE PIAHATL FIPEA,
zaagRe AutHo 2 Hy|Ed FHE FNF 243AAA JIFHA
zo03 w29t} Copeland(1975)& A7 AR HAdd FIEHE
7b27b Wzbgol whah diREo] v agAe Edd FAHAAY, AL
£ QR G HAAAE dr1FeR wEsHs] Ad A7HA

L
g 2 -
N,

o br

4 %
1} o3 QA7) (Bag filter) Sol o8 Ao diF ol TYHEE, dr]FL
z W2 42 2249 4 U8 34 49 x nnoR RAY £
9le Az Busgdor. 22y} Greenberg 5(1981)3 Esko(1990)ql 23}
il Sl % =3 oA WA Edd FAHHE Yol ¥
ong HIE Fo Y FTEAEY 4ol WFes widEUs
A7ARS Rny wx k. F¥ Davision (1974), Smith &
(1979), Richard £(1980)3} Buchholz(1993)& A9 YA FIHAHEY
srote] @Al Mg A7AY AAFY FIFEFEE A A7ld B
S 7tA ABAe Redn pusgo. oHd d7dRE £ o AINE
2o 2248 AYAS] Aol mAME PulEAo] 4FE wE A
o2 Algdd.
gatA B MeME 242 235489 9744 Pu5A4E Hotarl A
AEFA Azt2oA Y ZE3ASG HAHAE 38m ol UYBoR
BEl 250;m ol 49 Ao R RYste zk JAMAEE Al FFE F
FANE BPEES BANIPDL ok A YAE BuiSAE BIHEAT
SN AEFA AZZAN FH/EL 24 d, YA AFHA S ¥
AAe 2542 g JAER st 2 JAYNEE AJFe LT Aot
sty 1 AnES FAHR LI Fig. 100] YEIATH Fig. 10014 2 uig 2



o] ZFBA A% AAe 75% =7} 5ym ol ¢ YAZ FAHH Ao
38um )89 YAHE oF 5%, 38~58m Atole] YAolE 7% HX, 53~75m ¢
Al 4% AT/t ¥ gleny, 22425 }E REXEA 2ol AA
e Ao 2 Uehyt. ®AHA9 A$eE 75~150m o159l YAt 20% A
=7} 2EHo AT, UmA WA= oF 108 n2A EXHn AU

*
i

He

ols} o] gAME Ead AFAA ¢ HAAA Fo FEFEAE F
Fig. 11, 12, 13 & 149 ved svie} 2ok adojA B 3F3H
A74Y FF4 5t A9 AVt ALESFE gL FokAe ¥
Boli YeEd ole YAV E4E 12 A4LHWY AMFAZ H FES
o] @HF o] Yol dojus WAL, wAF AFIAE dA AFAE F
Hate Q442 e AAs] dAF o] AHA dojur] W2 Ayztd
th. ole] HlE AN Fo] FFL Fre ARAASE gd FUISE F
49 $2, FAFT uAdol 2 ole Hrle B HFF Aol 8
FHh guixo 2 wAHAY YA A7 AESE HEEHol F7H3HA
o ¥o) FNY FFHo YRR &F, FAHHL 53 10m ]3] v
A wAgAQde RFER FFLel FEHHE Aoz A UG
(Yaverbaum, 1977: Smith % 1979: Davison T 1974). 23y B dF A=
cyclone %Hg o] &3l ulAAAE AW P&, 10m ol3e] ofF nlA
F A xR ol AAE FITSE v TR AYAHES £ 5 /AR
o}, ol9} fALg A¥ AT Buchhloz(1993)o] A= Bud nt A, o]
S A7 Ad o3id HAYA Fo FIFEAE T LAY 71A
(matrix)Wol EA3e FF43 YAEH &, IAFHHE FFEH0] FTA
of 7198l 2 20im o144 HAAA Fo FFL FEE A9 FHAL 7
Ao e} Solg F¥AHL B R
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@ : 800°C bottom ash
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Fig. 10. Particle size distribution of bottom and fly ashes
from stoker type incinerator.
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Fig. 11. Metal concentration in bottom ash fractioned-size
from waste incineration at 700T.
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Fig. 15. Fraction of metals in each particle size range of
bottom ash from waste incineration at 700T.
(Ma : total mass of heavy metal in ash, Mai : mass of heavy

metal in ash fractioned-size)
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(Ma : total mass of heavy metal in ash, Mai : mass of heavy
metal in ash fractioned-size)



Fraction(Mai/Ma)
o
2

Cr

Heavy metal element

[1<38m [E3853m 777 5375m
B 75-150im 333 150-250 sm ([l > 250 /@

Fig. 18. Fraction of metals in each particle size range of
fly ash from waste incineration at 800T.

(Ma : total mass of heavy metal in ash, Mai : mass of heavy
metal in ash fractioned-size)



AZHA] HAHE JAFe FEFEAEL RYZRPA g FFFHol F
e B PP Aolse] EAFE AL o AAJNIEL nydd

73S, &AL 53T T JduHA IR FEH JEHo FZSF
A QHRAE dodvix k. 53|, A T34 AEL AVIE &G
Al 7138t mlAlE QAL At Ale] AHEo] FEHsE2 HANYE E
Foll SGEriPAl BFHA fPA Bt 2 JlsA4HL o & Ao Bay
o] Ath(Buchhloz, 1993).

et A 718 4ZHA DAE A2 A vigel @E AFAHAE Hrisn
2t BAo] iy FILAAE] AFAEL dsden, 1 A E Table 79
YERH ATt Table 714 AU FF& AE] AL2TEE 24 2%0 mad
vias] HE, 800Te AZ4zAM AHE A JFAF FILAEY
FERT 700T 239 A i F2AFY FIE& TV =A Jdey
t AT B 5 Utk ol 4=z B o, 24 g FI LA
SA=E FZ2H9 pHgtel H¢=HcH AZNEo B neaa AZHA] #H7|
g Fd FFE Ae g7 F4H Gkl EF 459 @4 A (carbonate) ]
(1), (2)9] T4 AXEA Ea=o] A3 EL P o] A3 Eo)
Bzl gAY @AY o o 743 H7(base)’t HAH B n
AA EAdd e SFFHe FAHA Ay @A ez wddEdg
(Kistler & 1987).

M-COs - M-0 + CO; (1)

M0 + HO — M+ 20H (2)
7] M a7tE] 34 9 9le EF4E oulg,



Table 7 Elemental concentration of selected metals in

leachate from ashes.

Metal concentration(mg/1) Irrigation Drinking

‘ water
Element 700 ; 800 criteria standard
B-A FA = BA FA (mg/1) (mg/1)
Cu 0.008 0.483 = N-D 0.038 0.2 1.00
Pb 0. 044 5.042 = 0.009 1.370 5.0 0.10
cd 0.026 2.139 | ND 1.512 - -
Cr 0.709 0.004 | 0.463 N-D 0.1 0.05
Hg N-D N'D N'D 0.0008 - N-D
As N-D N-D N'D N‘D - 0.05

N-D : Concentration below detection limit.
B-A : Leachate from bottom ash.
F-A : Leachate from fly ash.
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