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Influence of Fly Ash Concentrations on the Growth of Aspergillus niger and the

Bioleaching Efficiency of Heavy Metals
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Abstract: The bioleaching of municipal solid waste incinerator (MSWI) fly ash for metals extraction by Aspergillus niger was investigated. The
influence of fly ash concentrations on the biomass concentration, the pH of suspension; the kinds of bio-produced organic acids and the metals
extraction yield during the bioleaching process were studied and the leaching toxicities of fly ash before and after bioleaching were compared.
The results showed that the decrease of pH was due to generated organic acids by Aspergillus niger during bioleaching, which resulted in the
metals extraction from the fly ash. The alkaline and the heavy metals toxicities of fly ash inhibited the Aspergillus niger growth, which was
shown as the “lag phase”. When fly ash concentration was 20 /L, the maximum biomass was 28.61 g/L Cafter bioleaching 192 h), and the
minimum pH was 3.85 Cafter finished bioleaching) . The bioleaching efficiency was the highest (i.e., 93.06% for Cds> around 70% for Mn,
Pb and Zn, 22% > 33% and 47% for Fe, Cr and Cu, respectively). The TCLP results of the fly ash after bioleaching indicated that the
leaching toxicities of the treated fly ash were far lower than the regulated levels of China.
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Table 1~ Metals composition of fly ash

I 5 Al Ca cd Cr Cu Fe Mn Na Pb 7n
W52 P A /nm 396.2 317.9 228.8 267.7 327.4 238.2 257.6 589.6 220.4 206.2
4 )8 5 R /mge g ! 35.67 114.34 0.06217 0.18307 0.5511 22.94 0.7362  30.98 2.15 5.252

1.2 R Hles 5 alif

Wt w Clh % 8 Aspergillus, 1 501 B 9N 1# A
CUVA4)IE H HE BT A8 T2 Bt N A 0 5 e wel
FPORE O, 22 K8 % 5 Al . w7 AR} 1 3 97
55,30°C MERIE TR 5~ 7 d 5, W £ 8 1 /KL%
JIE 6 | 0 R P I BR T A A IR L
2.2x 10" N/mL. RHAFEFRHECPDA K R 5 (g/1): 5
22 300, HIATHE 20, TR 20, Z51R7K1 000 mL.
1.3 CREDRIE R

LEBEAS 250 mL HEADR 4NN 19 RFR 4320
(1 b3 PR A A B TR AL 100 mL R iE A B R
[ Co/L): HEHE 1005 NaNO; 1.5; KH, PO, 0.5;
MgS0, *7H,0 0.025; KC1 0.025; BERFRY 1.6], 8 )5 FF
YA 0C2F 1102050 F 100 o/ LI €K . [ B 4
30°C, #1400 140 o/minZc AT N EIR SR 5 1557 | ow I
FE RIS pH B A HURFI R A4 K, B3 pH
(EENE S

K FH R 5O €8 3% CHPLC) v 00 52 Wk g 5 L3
W AR 2 HT AR A KB, 5 KRR R 4>
S 8 AR, LA 1 1P AT RS . E— B a] 7]
B R EC 1 AR, HhE 10 mL W9 K57 000 1/min
SR BEL AR ES 10 min S5 UTEWILE 80 CHET 2
JH 5 J5 FR L, SRS 1E 600°CHIKE 2 ~ 4 h J5 FRIRFRE,
2 R f 2 25 RN T AR T, 45 IR ICP S (E L AR
ICP-OES M43 (kI 5 Hid b 48 5 5 G €K
IR AR B SRR N &R R
1.4 TCLP & PE& e

ABFFCR 96 H E KR R (UL S, EPAD il 5E
f) TCLP ( Toxicity Characteristic Leaching Procedure,

SW846 method 1311) /7 I3 HEAT KK T 42 @ 5 iRk
B % OE R E BRI 2 B, 2052 pH E A
4.93+0.05(1 *5)H1 2.88 +0.05(2 *5 ) [1 s i ¥4 K.
PRI S g KACE T 500 mL KM, AN 96.5 mL 2
BT K, w5 BRI, BE 198+ 5 min, ¥ 21 2] 5,
e pHAE . 47 pH /N T 5, WA 1 53 57 45 pH K
T 5, WFEHEIMA 3.5 mL 7 1 mol/LI Eh1R, &5 3%
TN A4 3) 50°C, PR FF 10 min, ¥ 15 TR0 pH {H .
A pH/NT 5, WA 1 52 AL 5 pH AR KT 5, W)
M2 5 A AR HE TR 45 K, 55 1 IR pH (H N
9.62, % 2 KX pH AN 6.67, IR M Aiff & A 5 A% ]
) CAGE AR H 2 5 AL B pH{E R 2.88 +0.05
(OIS RV I e RO i R AN LG 1220 T3
BT R OIGH, AEZEE R L 30 v/min £ 2 v/minff %
TR I 18 h =2 by BUF & 30 min J5, H 0.6
~0.8 pm FRT3H R 21 2 D8 L 98, DB R A 2
P& G4 1CP-OES M 4 s 7 5t
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Fig.1 Plate culture of A. niger (UV448)
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Fig.2 SEM of A. niger (UV448)
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Fig.3  Change in biomass concentration during bioleaching

at various fly ash concentrations
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Fig.4 Photos of A . niger with fly ash during bioleaching at various fly ash concentrations
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Fig.5 Change in pH during bioleaching at various fly ash concentrations
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(3.85), Cd %t #315 93.06% » Zn+ Pb F1 Mn 1%
HEAE 70% 7247, Fes Cr R Cu FHE H 2R 20 51 A4
22%33% 1 47% . 454 R 42 H EE /MR
N:Cd>Zn~Pb>Mn> Cu> Cr>Fe.fF 50 g/L €Kk
JESEES T, KK IO, 5 4 v R R B PRI
Hrh R w4 A Cd(11.5%), He 6 M4
B HRAE 109% LT, 48 3t 3 KK IRy - Cd
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Fig.6 Metals extraction and the final pH of the bioleaching suspension at various fly ash concentrations
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Table 2 Detected organic acids in the bioleaching

suspension at various fly ash concentrations

T PR R TR PR ) B A B IS ) BL A s, TR
i HE WK 2 Fios.

R Y BRI R P A B B MR R

KKK /g L! 1 A LR WRIEIE pH (4
0 Fr TR 3.04
20 IR R 3.85
50 R AR 4.54
100 A 5.21

HEE 2 FE 5 vl 40, 78 20 /L AR pE L 2 v,
RN pH LA 385, T ACHb A I pH {2 4
T4~ 5 208 R AR AT B AN B . SRAUS Dt
HILAE 50 of LKA IE I 7 oy, A2 76 i kI8
ARG AT IR, XIS 5 e R b pH R 4R 2
T4 T3 2R R A AR A R R R AR AL
MR Bik oA o B S A 100 g/L
KRR AR A AN ] S, R P R A B L 3
PR .

2SI 25 R B Y A SO R ) FE AR —
B BAREYIRRIE 1A AL 0 e 8 3 1 PR 1A R
SRR ALLIE A Ah 27 3 BE AN TR] T A ZE D)k g e 7
of 2 B A BUR A« BRAF A F Cacidolysis )« 846 i&
J5A/E F Credoxolysis) « 52 75 7E FH C complexolysis ) Fl1 2E 4]
TR 2 AF H (bioaccumulation ), v DL fi# 1F H 4
SRS B 0 I A 4 IR P D A A AL
W, e AT R IR AR R IR A5, L™ AR A LI A Al

T R AR LW FE DL R pH fH D) I 1K
,}E[5~7,10~11,14]‘

YRR R pHAEAE 2 oA 1 2 72 AR AT R IR
BT A B N A AT R TR R W AR T R ) 3 g
iRl os 4 iy pH R T 5 I, B AR g Ak
A AR, G B A BRI Bl R TR
2.6 EVPRIEIIREXS ROK G R R R ) S

20 o/ L CIKAEWIRIE 5 B Bl (5 TR ROK
R DE VR 1P [ T A 0D AE 7 000 o/ min 5 38 R 2 O
10 min, £ 0.45 pm SALIEEL 08, Frf 98 2 25 8y
TAKIRBUEG 3 ~5 K, BT 600°C 5 I W KB
2 ~ 4h, B B AR KA JE B AT AR Wbk g IS 1) K AR
W1 4 Pk J7 6500 A Wk D T e RO 43 i B AT
TCLP X% .

AEYIRIEET S KK ) TCLP 5 45 K W (R
30, JRUUA KK CdvPh AT Zn R HEE PRI T

F3 EVKIERTE XA TCLP R 33LE" /mgeL-!
Table 3 TCLP results of fly ash before and after bioleaching/mg*1~"

I H cd Cr Cu Fe Mn Pb  7n
AEYPRIERTIR K 2.233 0.19 2.37 nd  1.43 3.10 56.02
EYPRIEE K 0.066 0.08 0.36 nd  0.16 0.28 5.12
16 18 & W0 % 51 bx

welisT) 0.3 10 50 ns ns 3 50

16 B8 [z A SR M s e b s s 25

PR AEDe] T

Dind BAARKH; ns #RAKSH

G SE I R AR UE 52 Cd A3t R A
e 7 52 2 YRR AR LS, KRR cd K
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