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Removal of Heavy Metals from Activated Sludge
by Bioleaching Method

WANG Cong' LI Qiang' LIBao-Bin' SUN Cun-Min'? DENG Fei'?
WANG Shu-Fang® SONG Cun-Jiang'*’
(1. The Key Laboratory of Molecular Microbiology and Technology, Ministry of Education, Nankai

University, Tianjin 300071, China)
(2. The Key Laboratory of Bioactive Materials, Ministry of Education, Nankai University, Tianjin 300071, China)

Abstract: Native Acidithiobacillus ferrooxidans (A. f) and Acidithiobacillus thiooxidans (A. t) were isolated
from excess activated sludge. Mixed and single cultures of them were used to bioleach for 9 days to remove
heavy metals from activated sludge. The changes of pH and ORP (Oxidation Reduction Potential) were
measured every day. Also, the changes of concentrations for heavy metals were measured. Results showed
that the removing rate for mixed culture was the best in all runs. The removing rate for As, Cr, Cu, Ni, Zn is
96.09%, 93.47%, 98.32%, 97.88%, 98.60% respectively. The removing rate of Cd and Pb for mixed culture
decreased rapidly after six days. However, the rates of removing Cd and Pb remained higher levels after

leaching for 6 days by Acidithiobacillus thiooxidans.
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Table 1 Contents of heavy metals in excess active sludge

R

As Cd Cr Cu Hg Ni Pb Zn

Heavy metal

ik
21.47 5213 181.9 2740 0 117.0 101.2 1765
Contents (ppm)

1.2 WAENSE

1.2.1 BERUSCTSRETERS E: BRMAL
AR BRAT B (Acidithiobacillus ferrooxidans, A. f )M
TG e oy B alifb A5 8] . SRA 9K K3t
PEPEVEREFR 0B A £, 100 mL B8R mA 12 ¢
FIATEMETS VR, T 30°C R H FEA H 150 r/min 1%
3% 7-10 do D EEEIN A £ FERRBHEN OK B
FHEP T RS T a5 o SR AR R B vk 4l
b A. fo T BEBEREAS 20 AW BE f/N(10 ) Y R, 48
Ik 4l 4% 35 0 TR A T B A S R BR B AG . OK
R 9% BL W0 )7 0 (NHy),S0, 3.0 g, K,HPO, 0.5 g,
MgS0,4-7H,0 0.5 g, KCI 0.1 g, Ca(NO;),"4H,0
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0.01 g, FeSO,7H,0 44 g, 7%/#7K 1000 mL, pH 2.0, il

1.2.2 FREBEUHSLAHEMTERS E: BRIEAL 153 FEEESEMNE: RAEBING S5 IRk
WikF I (Acidithiobacillus thiooxidans, A. ) \NFEI431E (ICP)%F 3 d XJ L 2l Fn FREA DA TGN . 4 Jim 2
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pH DL H,SO, 8% 4.0 ¥ A fTEW . A ¢t WKL
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mL IR X R PO, RS 5% (W/Y)
JB /K5 A 200 mL ZEAE K o 3 BG4 A — Xt B
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B RTEICH R P AT Fe®, A B Eliie .
P SFRE, AR, 49 1.0 pm-2.0 um &,
0.5 um-1.0 pm %8 (&l 1), M5 16S rRNA J¥ 41 LEXT,
MIRERIIEE R G L B, 45 R SR, SCI RT3 E Ak
NK-16 5 R f M B0 R B AT 14 (4. /)R AR B
99%[m] A (& 2).
2.1.2 BERUESAREAEA P LEE: R
PR SR 550, S ME—RBIEYI T, ASFRINAT AT fie
J5, pH N 3.5-4.0, (X ReftrE ML RETCHL B TR
AL BB B A . AR AR B A AR ARAE, B ARAEAC
B R PRI S, P24 HyS0,, ffi pH MK, B AEE
HE, BRFRIR, 29 1.0 pm—2.0 pm K, 0.4 pm—0.7 um
Se(# 3). M4l 16S rRNA F4I e XF, #4) 2 [a] Pk
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Fig. 1 Configuration of Acidithiobacillus ferrooxidans un-
der TEM ( x 18000)
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r|: Acidithiobacillus thiooxidans SZS
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r Acidithiobacillus albertensis DSM 14366
L|~ Acidithiobacillus thiooxidans WISo
Acidithiobacillus ferrooxidans GD-1
’V r Acidithiobacillus ferrooxidans DSM9465
LL Acidithiobacillus ferrooxidans LMT4
Acidithiobacillus ferrooxidans 2
| — Acidithiobacillus ferrooxidans afl
|—L Acidithiobacillus ferrooxidans S-1

{ Acidithiobacillus ferrooxidans WI67
NK-16

— Acidithiobacillus ferrooxidans CC1
—— Acidithiobacillus ferrooxidans BRGM1

—— Acidithiobacillus ferrooxidans TFN-d

2 A. fNK-16 8931k 8
Fig. 2 Evolutionary tree of 4. f NK-16

1 pm

3 SUMMATEESRFEMERRK(x18000)
Fig. 3 Configuration of Acidithiobacillus thiooxidans under
TEM ( x 18000)
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FEAL pH & b PR R A L RIVE S S . kIR AT 6
K, A fH A IRA TR IE K pH A 3 B e b, R
NEE T RIFUR, A ¢ WRUE AT pH 3 BE e bR, kDR
GERE At WUEE pH A B R ARAE . AW 4. ¢
FE kg G MRS 1S I AU RE /15 LC Chan )38
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2.3 HEYIRIELIES ORP Tk

AR R, IR A A XS REZE ) ORP A8 4k
i 6 s IERYEE 1 R, BUIRZL AT B4 %) ORP

r— Acidithiobacillus thiooxidans WJSo
Acidithiobacillus albertensis DSM14366
|_|} Acidithiobacillus sp. SH
idans ATCC19377

Acidithiobacillus albertensis BY-0503
Acidithiobacillus albertensis JYC
Acidithiobacillus ferrooxidans GD1-3

Y Acidithiobacillus ferrooxidans GD-2

Acidithiobacillus thiooxidans SZS

Acidithiobacillus thiooxidans JY

Acidithiobacillus thioox:
Actaling e US

ooactii tniooxial
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Acidithiobacillus thiooxidans OYCS3
Acidithiobacillus thiooxidans STAMG61
Acidithiobacillus thiooxidans ONAS8

A Lials L 211 oo TNINATA £Q£ £
Actaunioodciiiny Sp. 1NIVIIALZOL

Acidithiobacillus thiooxidans ORCS8
Acidithiobacillus thiooxidans OGCS3
Acidithiobacillus sp. SM-2

4 A.tNK-06 89t L1
Fig. 4 Evolutionary tree of 4. t NK-06
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1(d)

5 HWimiEdiEd pH BT

Fig. 5 Changes of pH during the bioleaching

W Ot A fIRUE; A At IKUE; 00 4. fFL A RS Mg, % Xt
IR,

Note: <: Bioleaching of 4. f; AA: Bioleaching of 4. #; o: Bioleach-
ing of a mixed culture of 4. fand 4. t; * : Control.

© PEMERMEMFRTEATIBRSHEER http://journals. im. ac. cn



FHRSE: AEWIMIEIL LRI EE R

619

650
600
550 r
500
450
400
350
300
250
200 - &
150

ORP

£(d)

6 EYMIEZED ORP HIT L
Fig. 6 Changes of ORP during the bioleaching
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ETFE 288, WRBEEFE, 4. f A AL ¢ IREHIKIEN
ORP W& T A. f 1 A. t 55 H BAMUMKE
24 EYKEDIEPEMEEEERETK

APk g R R, AR E SR B R R AR e
7 Fi/R. 1 pH A1 ORP W78 fL Al %0, X HEZH ) FE
& )8 2B RN K F A IR 4, P LATE Do BE 1R %X
WA A

TEMTEIL AR P As, Cr F N B 25 5 25 i i [] 428 <
BT . Mg R, A M A GRS HIRIER
BORIET A fEk 4. ¢ AR MKIE. As. Cr Al Ni KBk
RIS R B =R 4@ A+ 5 pH FI ORP % V)
X, W% pH FEAKA ORP JHi, H4AJE MR
B TR . WIE 9 d J5, A WX As. Cr Fl Ni
225 R0 B 96.09% . 93.47%F1 97.88%; A. fHi
FIRIEXT As. Cr Ml Ni fIZBRRDHH 94.51%
92.09%7#1 92.83%; A. ¢ FREGHIEX] As. Cr F1 Ni 1)
EBRER BN 68.29% . 80.36%F1 93.51%.

Cu Ml Zn B EBRFAMLEM, A £ F A OREH
WRUEFN A, £ IELESS 3 RETHLIEME T 90%L) E
() Cu Hl Zn; i A. ¢ WRIETESS 6 RETA KB ILACR .

A f FTA CIRERIKIES A fRTEMRIELESS 3 K}
) pH 430 2.33 il 2.40; ILHT 4. ¢ BEMIER) pH
J& 2.66, 1] WL, Cu 1 Zn Xt 2.50 A2 A45# pH JE 5 iR,
1E pH AR T 2.40 Mo 26 AR5 Vs i o Bl 2% 13 21
X Cu Ml Zn B R FA00E 802218 ETH kg 9d 5,
A f FA IR MIEXS Cufl Zn Y =R, 2
BIh 98.32%F1 98.60%; A. fFAE MK IEXT Cu Fl Zn 11
EBRFRIIHIN 95.98%F1 96.49%., A. t FATH M IERT
Cu Ml Zn B ZBRF 53514 95.87%F1 96.83%.

Cd F1 Pb ZEIRIE T 3 KL BRI, 56 3
REH 6 RIAFFRR s HIh, (A7 6 KU
Joi, BRI T . X Al REJE I b S i 48
NEH GHREGERAEIRE, 4. f WA tIRE
DERIEXT Cd Fil Pb By LBRAE & IAES 6 X,
G390 100%F1 94.71%, HEZE 9 KEF, SaC 4y
FIFFEZ 0 Fl 28.62%. A. fEATEHIKIEXT Cd 1 Pb 1)
R EM AL 6 K, 404 100%F
84.96%, {HIEHS 9 KAf, HwIITRER 0. A K&
X L 4 1 S BR AR 2 R A KA, 4. ¢ RuETE
93,6 F1 9 KRAFXF Cd Y EBRRFIN 97.27%.
98.75%F0 86.62%; Xf Pb [ ZBER 51K 97.56% .
98.70%H1 91.37%.,

AU EEMESEEWKIENSER, T
As. Cr. Cu., NiFl Zn, A. fH A. ¢ IREHIHKIERIZL
T, I FLAE A R0 o 1) o] DL = i 2 4 1 22
B (HIEXSF CA M Pb, MkuEnf [t 6 dif, TR
A T IR X 3k P S 4 1 R R R G R R, MEA
A. ¢ FRTRIRE AT LR R 9 B e o DR R e
A TE IR 08 S ) RGO T PR RS I, (R A5 Rl 4R 1
TR B A .

3 HRERYE

AR AR R, pH ZEIREAR, 9 d B A=Yk E
fifi pH e FRAIKZE 2.0 IR . ORP Z#iTHm, 9 d W
AW IES ORP TR 2 600 DL F o XT As.
Cr M Ni, E&JEM LAY pH Fl ORP #1C, Fit
pH FEARH ORP Jhim, 4R LbRFEZWTHE AT
Cu Ml Zn, EABAIEBRRY pH 56, 24 pH /N F
2.4 0, 4 KZH Cufl Zn AR LA FILFE 4R, 4.
S A CIRA TS BRI, I BRI g A [a]
AR ESRERE, MIEodE 4 f Ml 4 ¢
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Fig. 7 Changes of heavy metal removal rate during the bioleaching
O A fIREE A A tIRTE; o A FRL AL IRATRIREE.
Note: <: Bioleaching of 4. f; /A: Bioleaching of 4. ¢; 0: Bioleaching of a mixed culture of 4. fand 4. ¢.
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