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Abstract : A mixed culture of Acidihiobacillus ferrooxidans and Acidihiobacillus thiooxidans was used to leach heavy metals from
municipal solid waste incineration fly ash ( MS WI fly ash) . This study explored the possibility of using se wage sludge or pig manure as
nutrients for supporting the growth of the leaching bacteria and allowing metal solubilization like a synthetic mineral medium. In
contrast to pig manure , there is a high ability for acidification of the fly ash and solubilization of toxic metals using se wage sludge at
the same content. After 15d of bioleaching, the following re moval efficiencies were obtained for the treatment with the addition of
1 % sewage sludge: Cd 88.1 % ; Zn 78.7 % ; Cu 69.6 %, whereas their re moval efficiencies for the treatment with the addition of
1 % pig manure were 82.4 %, 73.5 % and 60.0 %, respectively . Results de monstrate that the inhibition by se wage sludge DOM is
much more significant than by pig manure DOM at the same concentration level . The dissolved organic carbon in excess of 400 and
150 mg/ L was inhibitory to the bacterial growth using sludge DOM and manure DOM, respectively . Compared with se wage sludge ,
pig manure contained a higher fraction of DOM with molecular size <1 000, which led to its higher toxicity .
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105C ,
[4.61 HNOs- HF- HC1 O, , ICP- AES ( Optima
N.P, 4000DV, USA)
s :Zn 9 869 mg/ kg ,Pb 2 072 mg/ kg ,Cu 985 mg/ kg,
s Cd 119 mg/ kg .
1.2
1 9
1.1 2 4°C s
b 1-
1
Table 1 ~ Primary composition of se wage sludge and pig manure
" Zn Pb Cu cd
p !/ % /g'kg’l /g‘kg’1 /g'kg’1 /g'kg’l /mg'kg’] /mg‘kg’1 /mg'kg’1 /mg'kg’1
7.5 3.85 457 31.6 15.1 6.1 510 96 212 1.8
7.6 16.12 624 20.2 13.4 17.7 645 121 357 2.1
1.3
1.4
Acidithiobacillus ferrooxidans LXs'®) 2, 4 , 3
Acidithiobacillus thiooxidans SS3[°! . 2 )
1 % 1 % SM 1 %, 225mL
61 28 C 500 mL , 2.5g
1801/ min s pH .SM pH 5.0, 1.25¢g , 25mL
o] ( NH;),S0; 2.0g/ L .K,HPO, 0.1g/ L. ) 8 , 28 C
KCl0.1g/ L .MgSO,*7H,0 0.25g/ L. pH 1801/ min 15d.
2.0 , 15mL 3d 10mL
135mL 1 % 1 % SM s pH, 11 000 r/ min
, 28°7TC s pH 2.0 15min, 0.45um ,ICP- AES
, 3, Zn.Cu.Pb.Cd SO,
2
Table 2 Bioleaching experi mental design
1 ( 1%) +10 % +0.5% +1 % +
2 ( 1 %) +10% +0.5% +1% +
3 SM +10 % +0.5% +1% SM+
4 +10 % +0.5% +1 %
1.5 2 DOM DOM. 250mL SM (
5g/ L ,pH5.0) s
( Dissolved Organic Matter, DOM, ( Dissolved Organic Carbon,
DOM) tior. 25C DOCQ) 0 .100 200 300 400 mg/ L,
1801/ min 16h, 11 0001/ min SmL

15min, 0.45pm

5

(1801/ min, 28 C) 18d.
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DOM , .DOC 5.21 7.06,
s TOC (TOCGS5000A, 3 R 6d pH
) , , + >SM+ >
s’ - 15d .3 pH
DOM e, 10mL DOM 5.2 1.98 2.04  2.21.
s 1 000 .25 000 ,pH
, 2 000 mL , 1( A)
6 24h ,24h , ,SM+ >
), DOC R + > + ,
DOC L , DOM
(891 DOM .
2 b
[12]
2.1 pH s’ DOC ( 3), +
+ 2 , 126 mg/ L
65mg/L  DOM,
. (891 co, 2 ,DOC
> NHI NO3- 5 5 5
, pH ( 1) . DOM.
1( A) pH
3 DOC / mge L~ !
Table 3 Comparison bet ween concentration of dissolved organic
8 carbon before and after bioleaching in various treat ments/ mg* L~ !
7
6
( + ) 126 77
5
s ( + ) 65 48
a 4
(SM+ ) 0 0.5
3
0 0
2
1
12000 pH 1
(B)  .sO;" pH :
10000
. ;pH
= 8000
& SO , +
‘:o: 6000 + SM+ 4
4000 67 % 59 % .
2.2
: 100y m
1 pH SOE’ s Pb .Cd Zn
[13.,14]
Fig.1 ~ Variation of pH ( A) and sulfate production > .
(B) during the bioleaching of MS WI fly ash Linton [14] -
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2 4 3 pH , pH 4142 2.1,
,Cd Zn ,Cu ,Pb Cd Zn Cu3 s pH
> , 5%
,4 40 % . s + ,Cd Zn
0.5% , SM ,6d Cd .Zn
3 s s 65 % 62 %, , 15d
( (88.1% 78.6%). Cu 9d
) : + >SM+ > + : ( 37.5%) , pH
s’ pH 2.15, pH ,Cu
,CdZn  Cu3 , 15d (69.5 %) . ,
pH ( r R
0.9809° " .0.963" "  0.656 9" " ,n=60), Cu Cu,S
CdZn Cu pH. 3 Cu, 02 , Zn
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Fig .2 Solubilization behavior of MS WI fly ash during bioleaching
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. s , DOM 0 -~
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5g/L,pHS.0) s’ : 3 , ,
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,2 DOM , DOM 2 DOM
DOM. s’ ,  DOM
50 % ( ts0) R DOM <1 000 . 000 ~25000 >25000 3
0.100.200 .300mg/ L , tso 8.1 . . 3 ( 4) s
8.311.8.17.9d. DOM 400mg/ L R DOM <1 000 77.6 %,
s’ DOM 1.59 DOM
) ) 18d DOM. ,
> . s ( )
DOM 0.50.100mg/ L, ts5 8. 1. . Gu 1% ,
10.9 .14d. ,150mg/ L DOM 10. 8 mmol/ L 9.88mmol/ L
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Fig .3  Effect of DOM concentration on oxidation efficiency ,Cd Zn Cu 88.1 % .
of ele mental by mixed cultures of Acidithiobacillus 78.7 % 69.6 %, n )3

ferrooxidans LXs and Acidithiobacillus thiooxidans SS-3
82.4% 3.5 % 60.0%.
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DOM. DOM laboratory-scale leaching plant for metal extraction from fly ash
DOM 400 mo/ L 150 mg/ L( DOC by Thiobacillus strains[ J]. Appl. Environ. Microbiol ., 1998,
g g
64(4) : 1237 ~1241 .
). DOM o
[ 71 Krebs W, Brombacher C, Bosshard P P, et al. Microbial
recovery of metals from solids[ J]. FEMS Microbiol. Rev.,
(3) Cd.Zn .Cu 3 1997, 20(3-4) :605 ~ 617 .
pH .3 [8] : : ,
1]. 12003, 24(3) :56 ~ 60 .
, 4.1 4.2 2.1 pH [ (3)
[91] , , SS-3
Cd Zn Cu
[I1. , 2003, 24
(5) :41 ~ 45 .
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