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Influence of Air Pollution Control (APC) Systems and Furnace Type on the

Characterlstlcs of APC Res;duegffrpm Mun1c1pal Sohd Waste Incmerators
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Abstract : /The characterl%tl(s of air pollution”control ( APE)* re%ldues are influenced by the furnace type, APC system, and waste

2

composltlon In this study, the characteristics of APC residues from nine municipal solid waste incineration plants (the compositions of
incinerated solid waste are similar) with different furnace types and APC systems were compared. APC residues contain a great amount
of Ca and ClI, and the contents of Al, Si, and Fe in the APC residues from fluidized bed incinerators are higher. The mineral
compositions of APC residues are not influenced by the flue gas treatment process, but their contents vary. The contents of Cd, Pb,
and Zn in the APC residues from fluidized bed incinerators are lower, while those of Cr, Ba, Cu, and Ni are greatly influenced by the
APC systems, with the “grate + dry scrubber” APC residues having the lowest values. The differences in the heavy metal contents in
the APC residues from two incinerators before and after the upgrading of the APC systems are not significant. The leaching toxicity of
Pb in the APC residues from grate incinerators is higher than that from fluidized bed incinerators, while some elements with low
contents in fluidized bed APC residues can be leached more in acetic acid buffer solution. The acid neutralization capacity of the APC
residues is related to Ca content. The leaching concentrations of most heavy metals are significantly increased under strong acidity (Cd,
Ni, and Zn: leachate pH <8; Pb, Cu, and Cr: leachate pH <4). The maximum leaching concentrations of As, Ba, Cu, Ni, and Pb
in the APC residues from grate incinerators are mainly controlled by their total content. The leaching concentrations of As, Ba, Cu,
Ni, and Pb in the APC residues from fluidized bed incinerators are lower than those from grate incinerators with similar metal contents,
which may be due to their different chemical speciation influenced by furnace types and the complexation with Al and Fe compounds.

Key words : heavy metals; leaching toxicity; air pollution control residues; flue gas cleaning; municipal solid waste
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Table 1 Air pollution control (APC) residues from the municipal solid waste incinerators equipped with different furnace types and APC systems
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Fig. 4 Speciation of heavy metals in the nine air pollution control residues

B PR T IRAL R BE R K.

HJ/T 299-2007 37 B PE 45 S &, P HED CIK I G



472 7 A - T 39 %
= GDI e GD2 & GD3 v GSDI ¢ GSD2 <« GSD3 » GSD4 e FBI FB2
12 e — 40 12— T 15
: - 35 o
1.0 - =2 , 1.0 | . 14
430 ! l .
T, 08 - l| ! das7, 7, 08F { Vol T
7 ; [ R : d9 ;-.
| P : = F
206 : 120 ® o6 ® . § =
% : £ % [ - 2
= i “—: II 415 E H i ; 5mel | ” 1 16 =
B ooa L £ 1 o : BB 4L i s x
1 ; 1 4 10 en 3 i i
o 1 03t 4 ¢ 43
02 | I * ids 02 | ] : I
i * : 2 e i “““ . ' i
= i * $ ' o 4
ey 4 o 3§ g, 3 BN obL? & & &7 8 isgc o
As Cd Cr Ni Cu Ba Pb Zn As Cd Cr Ni Cu Ba Pb Zn
I £ S TERFh
(a) "PLLE R R FR SE R ) 4 bt 35 1 4 5910) (GB508S. 3-2007 ) AR T3 ¥ H ke BE B
(b) T 4R 3 A 0 B 3SR A 15 e P AR ) (GB16889-2008 ) HHAH I 7T 3 1= HH ¥k J3E BRAEL
E 5 HJ/T 299-2007 1 HJ/T 300-2007 BiZ H &R
Fig. 5 Leaching results of HJ/T 299-2007 and HJ/T 300-2007 p
— 23 255 e Le S S2e - N ; \.“u g J__;‘““l P
JrHERCRERR GDL, GD2 SRR MR IR IR B IR i Ph 5 st BTG HE, (1

AR T, As Al Ph R B R T (A I Al IR
s R il bR i) (GB 16889-2008 ) E’J/\iz;ﬁ/ﬁz
BRAE. B HES ROREE S Y Pb (zthﬂeﬁi’aﬁzﬁ_ﬁr
WEBRAE 0. 25 mg<L "'\ GD2 19 Pb it th o e P
ﬂTm4HONM@L‘mmuﬁT@5ﬁ

1 AT41,GD3 ATGDR 1 Ca & ik fiei fﬁ@]iﬁzéﬁ Ca
T T AN LA M T 82 1Y Pb f LR wh
/mw—tlﬂ%?#thm. GD1 "' Ca 9% ix/'\‘ﬂﬁﬁ'iﬁ

R A R H P e 1 A=

. WALPR CIRE TR Ni A Cd, i T
T T AR B 7 B A bR vEBR (B (0.5 mg- L7
0.15 mg-L™"). Ni BRIV 5 HAE C R g it
SIEADE, HEBIE A < AR + 2Tk ©IK >
HHER + 2+ TR K > < drHER + TR
KK, ALK KK Cd & R BT R K,
{H FB2 Eﬁ%@ﬁ%mﬁ%&qﬂﬁﬁ THZH Cd, XA fE
5 FB2 PRRIRERLE A4S Cd & EARXT R (10. 4% )
AxX KK CdAHARFELLG (L 0.1% ~
78. 1% ) LAWGFFF . 1503 RS T3 19 % X 721 1
551 BRI L SR  FB2 19 Cd TH Z LUk IR Eh 454
BAAE SR

Ll A B 2 i R 7 A 0 S RV R 2 P i 12 s 4
R(ES), WM FEERSEICE P RN E S
SEL T A 56, FERICPHER + 7357 K
TR Ph EEHER + 2Tk + TR KT S
R W e + TR K AR B BR S FR 1A TR P

rm&%@@ﬁ¢m&mmrw%nm§§*ma
xgmmm+?&‘mwp%mw%ﬁxﬁﬁﬁﬁ
VG pHOAIR BTECE ) Ph fE3 D
xﬂ%%mﬁmﬂﬁmmrﬁmwmﬁm&a,
SRR pH iﬁu@ﬁﬁzﬂz Yomt F T T2 2 e W
Wi pH = 11, 2, & T GD2 (pH = 12. 10)F.CD3 (pH
=13.58), TATE 4R Pb {ERR B R (pHST12)
SR Ph B R % mARR ¥ 1 ViR BE £ HE S I
JFl:GD3 >GD2 >GD1. “IPHEN + T8 + Tk~
KRAE T AR HE I P Ph R YR RS pH 8k
R TR 2 B MG X T AE S AN S AL
PR T 2 T AT R W R b 3 T 5%, Ph
(358 i JiE 2% S ROR T Y Ph MR LB RS
B pH 5 2R &t Hﬁmmm%.mLFm
{1 T R 8 AR R R TS TR 7 TR0 45 S P iy P
Zn. As R BE BRI TR 2 800 0 HE B 6K T
Cr, Cu, Ni, Cd % SR WES B ITR R 1k
FE B T HED IR IR 6 TR, AL KR e R IR
ZE 0P IS Y pH < 6. 5, B (L TR We W R
VW X T 4 R R X pH JEE AR T & B
SHLE (2.5 e
Ph AT, e R P e B S AR R

BRI T AR T L R A 0 B 3 5% w
RIRIYAS BRI S A= i T A O I i A 7 R
TR A B B TR 5 AR A T R
T A LR 3 HEA T B



14 LSRR A WP L1 7 G R DO SR v & W/ AT DAL 473

=]

14 - BZZ CH;CO0H 5] H,S04 & HNO;

.

o

D

#ihifipH

T/
V7777727277227

G
Y

MNINDN NV

2 A Y

~
=
)
g
[3%)
o)
g
Lad
o)

SD1 GSD2 G
GEE

6 BERRE M ARAMMBERHEE LR YR pH E

Fig. 6 Leachate pH in the leaching tests using acetic acid buffer

v
=)
e
Q
g
-
=
-
=
s}

solution and sulfuric and nitric acid solution

2.5 pH KRR

TEBLGA ARV B B AN, b K FO T T A
AE 1B | Vot R A R 2 W i G )
—RRBERT, R A pH B FRE(K 7). 7R )
KR BT R 1 77 1E 25 5, LIV pH =7
R m%%+¢$&*&f%&¢ﬂ%ﬁ
515 5.5 mol - kg-l(u H/H TR
HF+%%‘EW%&$@ ﬁ@ﬁ(myQ$2m
R RIRE ST 14 ~ 14,5 mol-ka' § ARHEYT 5
Fak e PN RIRR PRSI A
PR AT + 2 Tk €I 2. fo%

*ﬁ,”ﬁx%¢MCma§%@M%(hﬁ§ﬁff

iR TR T B AR ARG T B
AR (AR AR ) FEATRR R , (145 1 48R 2
TN R S 2 & Ca 1 BN ™4 A it 76l
AR R, COR AR TR ARE 1 B Z F] KK
4y CaO 5% Ca( OH), & HHISEI.

pH MG INZE R L] (K 8) = ik pH X
W ESEWRER B, FER B pH E
AR, T4 Jm A0 vk B W 3 BT 7 pH < 8 A,
Cd. Ni, Zn A2 i E AR TGS N pH <4 B, Pb |
Cu. Cr. As BB EXIN. BT Pb. As. Zn Witk
4R, 7E pH > 11 B2 H 2 i Frsn; (H 766
PESAF T W KR R AR T om R S5 . 53
BR[30 ] B REAERE T CIRIY pH MG 25 R 1
B ,Pb, Cu, Cr WiR AT A pH M 6 J8/NE 4. Ba
i A S e e R w4 AR, RE T AR,
BRI ES SR ES KT Ba REA L
Bl R AL, K A R R RIR T R

‘ t : 44y - x
] L
12 . > 4
] % e
» u
10 ° >
g . ® ’ 4 *
- o
=8 o ¢
| S—-.. P
® o6 | . er by
= GDI i ° i
e GD2 ; i *
4 4 GD3 ! B * !
v GSDI ' [ 2 e
* GSD2 o %
2 -4 GSD3 AR
» GSD4 1 '
o I
e FBI L]
0k | - | ] I L 1 [ |
0 2 4 6 8 10 12 14 16 18 20
i Anfig 7y /mol-kg™!

E7 ¢RiZHEpH SBRPMENHXR
Fig. 7 Relationship between leachatepH and acid

neutralization capacity

Zn>Pb>Cu>Ba>Cr>Cd>AS>N1 ’Tﬁ%’&)@
FRAL. : F_ﬂ
HAs pH *ﬁg&/xfﬁ i R 4 E &
PAEBRIRYE A MF T, As | CGd | Cr, Ni EQ#H;%J‘“E
T2 B H " 5 , *3 & E%ﬂ&i*ﬁfﬂﬂ’] ﬂﬁ[?’
IP%IHF%% GDY Hfig As, i, O B R
2 ~5 1% ;/:%HW&F“ H*ﬂﬁaﬂ&ﬂﬁ_#tmﬂ ﬁﬁ/ﬁﬂc“
PR KK FBIHY As /E\E. 5 GSD3 A124 , f GSD3, Ut
g as s it 3 s g Wi
TEIR €K FBl H As 10 T ARG B, 78 PR 8
RS R E. 5 2.3 Wb As BT A5 0T Sh 1
FHLEE, FB1 Hn] 52 25 As 12 5. 4% , Hi4y 3 Mnlis e
DR KH T GSD3 Al 22 ds As A 12.6% ,IF
A 28.3% M) As LIBREL A AL 45 G 8 7E. Kk, B
B2 S BA ML As &9 GSD3 1 FB1 fy
RRBHEERRERES. HILZ T, AR K
JK FB1 (1) Cu B2 b + 357 RORRT“ prHE
Tk o+ TR 1.7 ~2.4 f5F12.7 ~
3.9 fi5  (HHAE SR FRVEIR S A3 MR B 5 < P HED +
ik ¢ TR RIRAY. ALK R AL HER
SR Cu FEIE 00 A L AFFE M 22 53 (AR IR €K
RIS E L), R8T XM, P HE R
AL Z IR F AL A G Cu BEA NS G2 Cu
FESRIRYESRIF T AL B . W FHE ©k, C
M A e AR i Tk + TR T asn‘
Cu FRF 4 26 R W, DR O OB S ok B A ) o 7.
Pb . Zn 3X Wil 5 42 J& 7T 25 76 5 R A 1k 24 5% v
(i R, P HEY KK Ph A Zn (R E KR
W RIS 4 JE R AL A, < pr R + 2



474 woom B 39 %
16 28
14 - o (a) As = GDI (b) Ba <
12 & e GD2 | 24 |
7 s 6D T < P
_ v GSDI ., <
hoal * GSD2 E § «
) 5 <« GSD3 g 4
£ » GSD4 £ 6L v
= + =
2 3 3 % B e FBI 2 «
C= w
E [ ] “’ E 121 v ﬂ . . 7 o®
2l A, oo 0%% o o .
'S * SO > | 2 =
* e 8- Y oy LV, * A
] A . b = w * ‘
1k & w LTI TS >
s e o . 4_.€'~i e, TH .Y s
“Bnmsart o & o il
0f ,  CNeoml ', Sayr Gl gla PR SREERES T T BN
0 2 4 6 8§ 10 12 14 0 2 4 6 8 10 12 14
15 20
" () Cd 18 |4 " (dCr
I. =
2 = 16 |
s .
- < - L
a ‘ "0 s gy ) 2 <
B gk e 5* 4 = g 12r
= L‘- v o
% . 1 oo § 10 s
’35 6 o o ° "—"-.‘ B, 2
™ » b
B .ba 6o z '.
< _. * »
IF .‘ L - 4ra =
g A o | oo’ '
' ’ vh 2 ".3 o !‘!! !!
0k ! ! MY = - Sengem— 0f, ¥, W
0 2 4 6 8§ 10 12 14 0 2 4 6 8 0 12 14
90 40
v .
(©) Cu " () Ni
75 b b e
H - s 3.0 F i
T, 60 | > i 3 A J
2 ¢, 0 -PY T i &
£ LI Y E
=45 B 20le ® Y 8
¥ > # . e fe
- Tote |H 1.5 v ' ’.
™3l e b KR . 4
A 2. ]u’ o a8 + » ”
15 % . "L 'i\‘ °
» 0.5 Hobe . ©
: ‘s . L g PO
0 —_J_lg!-‘ll_zﬁ!_“ 0.0 k1 | oy 87 eolthemes @l |
0 2 4 6 8§ 10 12 14 0 2 4 6 8 0 12 14
140 —5 350
ol ¥ ¢ Qf 300 -4 "' oz
S 4 .
— 100 | %, - . WYE € . %
3 .
o) ‘ib.. 2 $ 6 .
EBF 3 . £ 200 ﬁ 4r3 ke,
= » & 2 Ay
‘ | ]
Eol Wie £ osofs 98 .'-";
3 5 & L
]
-
40 s & 3 100 -
L] * . &
20 | : o] s0 | s,
4. . .‘!' : *q
0k AL 5 . 0 b . | Ty ep—— T
0 2 4 6 8§ 10 12 14 0 2 4 6 8 0 12 14
2t HipH it HipH

B8 9N TRHERESEN pH BXZHER

Fig. 8 The pH-dependent leaching results of heavy metals in the nineair pollution control residues
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