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Isolation, Identification of Acidithiobacillus sp. and Its Role in the Removal of

Heavy Metals from Contaminated Sediments
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Abstract: A sulfur-oxidizing bacterium FD97 was isolated from heavy metal-contaminated river sediments. According to the morphological
characteristics and sequence analysis of 16S rDNA of FD97, the strain was identified as Acidithiobactllus sp. . The effects of temperature on
heavy metals bioleaching efficiencies from contaminated sediments by using Acidithiobacillus sp. FD97 were investigated in shake flask
experiments. The tests were performed at four different temperatures in the range of 22-40°C. The results showed that after 16 days of
bioleaching, almost 70% of Zn, 90% of Cu, and 25% of Cr could be removed from the sediments, respectively. From the variations of pH
reduction, sulfate production, and metals removal, the order of bioleaching efficiency at different temperatures was 34°C > 28°C =40°C >
22°C. The preferable temperature used for the future larger-scale bioleaching process is 28°C. Tt was found that during the bioleaching
process, temperature did not directly affect the metal removal process; the final level of metal removal achieved was highly correlated to
sediment pH. When the pH decreased to 5.05 3.5, and 2.5, the removal of Zn, Cus and Cr began to increase sharply, respectively, and the
maximum metal removal could be achieved when the pH decreased to below 2.0.
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Fig.3  Variation of sediment pH in the bioleaching process
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M

L] KT P82 4 v 10 ) FH 238 A BV " A E
FAR S B B FH A T I £ 2 A 3 AL . Chen 2512 LA K
Fang 253 0F 50 5 I, 30 3o K5 90 5 71 4% 1 5 1 40 1
ST R 3K it B 4% 45 SR 8K 1R RS B4 mT
RUR U TR IR AL 3K — AR 7, 1y HAR ) 2 2 4
e RGP A S 2k — 20 B A B A
2.2.2 JRIeEDWEISFET Zn. Cu AT Cr (12265
4 8 10 22 B 2 A W AR FH R T (1) B & b
HOARRIGME T, LR AT B FD97 b 15 I B Ak
ANRIELRE B 1) 4 AN A B AR Ve T Zns
Cu F1 Cr 1) £ BRI A 52 1A CEL 5D R
FDO7 ) 4 ANALEE, B SO~ WA ™ A=, Wit i th
(1) T 43 Jm AR A0 19 N L 2 de AL, 1T VS N RE Y A B AR
FERh FDOT ¥ % ) R 75 2 7= B A FH (9 K ) 8y,
RN LB — EHA W I I, AN )
B S0 PRI, A R M At
AAHFICE 50, P BA R I A CPECR® > 0.87).
BRI A R I LR L E e s b,
M pH BRI 4 S8 25 B 28 (1) 6 W 0% & v (8] 60 1T LA
T M ST pH B X Zns Cu 1 Cr VAR 25 Bk
AW RENEWCR? >0.85), SHELHELR.



3362 wooos R 30 &
50 100
Zn 7n
.
R*=0.872 X
40 - |
80 R2=10.936
230 £ 60
& 5
g &
520r 15 0|
022C X 28C
€34C A 40C
10 - A 0 22°C X 28¢C 20 - X
€34C A 40C
0L —®xhre L ‘ L L 0 | |
1000 2000 3000 4000 5000 6000 7000 0 10 20 3.0 40 50 60 170 80
20 100
Cu Cu
2 _ =
151 R2=10.885 . 80
4
& g 60 [
BIOF &
% b
3 3 40 |-
5 -
20
0 —®xre A 0 L Aol
1000 2000 3000 4000 5000 6000 7000 0 10 70 80
5 'S 100
Cr Cr
X
4 80 |- _
R2=10.875 R?=10.857
- A
% 3F & 60 -
g B
& "’
" &
¥ oL *§ a0
8]
— 20 —
! N
o]
0 £x ! I I 0 | X3 O Ot |
1000 2000 3000 4000 5000 6000 7000 0 1.0 20 30 40 50 60 70 80

S0,2/mg-L!

5 RN ELMEERER
RSO3 KR
Fig.5 Metal solubilized from sediment in the bioleaching
process at various sulfate concentrations
PL Zn 1, 24 AN [R) 3 BE (R v/ FH 3 BUR Ve pH I
T 5.0, Zn FFAG W, B S pH (E 5 F#1K 1.0, Zn
125 B 22 WA G 0 209 , Ji&Je pH K T~ 2.0 B LA
s Zn W 22BRFATIE 709% UL E . Cu N 2BR3IEAS Zn
FHARL, pH fH 3.5 T4 KB, &) LB nl 42
1T 90% . 5 Zn A1 Cu AHEE, Cr BWIR 2 BR A A R HE
L& 5Ce) 1, BAE =4 i Ye pH AE B 43 B i 198 44 34 555 1)
2.0 I, Cr ERRFWMAL 25% X —INBATHEZH T
JRR T Cr IRAFEER S Zn. Cu AT T8 A7 4K

pH

6 RMRITED Zn.Cu.CrERES
e pH EZ LR X F&
Fig.6  Heavy metals removal from contaminated sediments

in the bioleaching process at various pH values

P, Ve TE 4R I A W i 2 R R LR A7
BBV, S5 S (A A KRR dh 4 &
A0 0] Ik S A (Fe/Mn S8 AP 5 6 250 R o] S840 35
CATHL BB A 45 45 O M B, ARl 25 A S 4 8 ok
ZEETEREERRR SR ) S A T, AR MR AR P R
KB RS R 5T e I, A T AR R U Bk
A Cr Ty H sk 609 & Cr 25 BR 3 BUIG I 3 %
J A



114

J7 AR 1 RRIE TR BAUAT B8 R 70 18 86 5 S R e i e e 1 2 R aCR

3363

£i b ARWETTH 22 ~ 40°C 1 ALV TG SR
Jerf Zn. Cu M Cr IR BRI B2 115, 28C
AN 34°C (B AL B AR BN ML BV — A
e N SR AR A 2 TR 5 i JE Y R RCR 1 PR
FORZ R A ) RN T I 1 22 1) 2L, 4510
JBOR AR A ) S5 I8 i o B 2 28R (10 6 31 s AN [ 0 ¥
TRIAR CRy 0l 2 5 g R R D (R TG DA SR 1 250
FEMIPEALSE A Fr T4 SR I RE Pl oR

3 it

(D) N5 3R Ik /43 2] R REH T
R E FD97, &A% LU 16S tRNA it K 7 %)
N

IIMTAIE ERBEN Acidithiobacillus sp. .

(2) R 22 ~ 40°CHAM 5 LA Acidithiobacillus
sp. FD97 hy T BERARI AW IR A AT A 80k Bris
B de T Zns Cu A1 Cr, WAL PE 16 ds Zns Cu AT Cr
(KI5 BRI HIE 70% ~ 90% AN 25% . A R}k L 1) e
PEWHE AL B A MK INN : 34°C > 28°C ~40°C > 22°C.
PR 28 CHUE H T4 Ja s b L AE iR i e
oh R FERT IR YE Y Zns Cu A1 Cr (1) 25 R G ELE 2,
HL4 e ) 25 B A K/ 15 TR E pHL (B AR AL 3 D AT 5%
JEEVE pH ELFE 42 2.0 I, F <5 s 2% R A0 B b5 KR
SE K-

L1 RS, BRoed, JIRGh, 55 . 5iR JRJe f 77 70 e ik i Yedb 2

PRI ] AR E R S HEREE A 2001, 7(3): 311-31
[ 2] Maine M A, Suiie N, Hadad H, et al . Temporal and spatial variation
of phosphate distribution in the sediment of a free water surface
constructed wetland[ J].Sci Total Environ, 2007, 380:75-83.
Akcaya H, Oguzb A, Karapire C. Study of heavy metal pollution and
speciation in Buyak Menderes and Gediz river sediments| J]. Water
Res» 2003, 37:813-822.

[ 4] Blandine C, Véronique R, Cédric D, et al . Origin and mobility of
heavy metals in contaminated sediments from retention and infiltration
pondsL J1. Appl Geochem, 2006, 21:1781-1798.

Wi, R0, 45 IR B BVEERT XK IR Ve T i R 6 R 9
FEAZS KA LT]. P 45K K, 2008, 24(2): 106-108.

L 61 Seidel H, Ondruschka J, Morgenstern P, et al . Bioleaching of heavy
metals from contaminated aquatic sediments using indigenous sulfur-
oxidizing bacteria: a feasibility studyl J1. Water Sci Technol, 1998,
37: 387-39%4.

LiuJ S; Xie X H, Xiao S Ms et al. Isolation of Leptospirillum
ferriphilum by single-layered solid medium[ JJ1.J Cent South Univ
Technol, 2007, 14(4):467-473.

[7]

[8] XuTJ, Ting Y P.Optimisation on bioleaching of incinerator fly ash

[o]

L10]

[11]

[12]

[13]

[14]

[15]

L16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

by Aspergillus niger use of central composite designl J1. Enzyme
Microb Technol, 2004, 35:444-454.

Fang D> Zhou L X. Enhanced Cr bioleaching efficiency from tannery
sludge with coinoculation of Acidithiobacillus thiooxidans TS6 and
Brettanomyces B65 in an air-lift reactor[ J1. Chemosphere, 2007,
69:303-310.

Loser C» Zehnsdorf As Gorsch Ks et al . Remediation of heavy metal
polluted sediment in the solid bed: Comparison of abiotic and
microbial leaching [ J]. Chemosphere, 2006, 65(1):9-16.

SRAR], BTGRP Tl G0 VT X 0T 6 R Ve B < s 1) 2 i 0
o] R EERE 2008, 28(7):624-629.

Chan L. C; Gu XY, Wong J] W C. Comparison of bioleaching of heavy
metals from sewage sludge using iron- and sulfur-oxidizing bacteria
[J]. Adv Environ Res, 2003, 7(3):603-607.

JREDR . e o 9 BORE O M. b e o A 0 R AL
2002.126-129.

IRFFIR, EUb L LA B R G e T M. Ak st
At 2001.97-102.

R

Sambrook J» Russell D W. Molecular cloning: A laboratory manual
[M]. USA: Cold Spring Harbor Laboratory Press, 2001 .

TR , 5 S7AE , S0 58 A2 0k i BORTE 25 ki e vh B4
LA ILY] A AR 2002, 22(1):167-176.

Zhou L X5 Fang D, Wang S Ms et al . Bioleaching of Cr from tannery
sludge: the effects of initial acid addition and recycling of acidified
bioleached sludgel J1. Environ Technol, 2005, 26:277-284.
B AR AR A 2 Hr T I ML BT b AR R
it 2000.198-200.

Anderson B C; Brown A T F, Watt W E, et al. Biological leaching
of trace metals from stormwater sediments: influential variables and
continuous reactor operation[ J1. Water Sci Technol, 1998, 38:73-
81.

Tsai L J» Yu K C5 Chen S F» et al. Partitioning variation of heavy
metals in contaminated river sediment via bioleaching: effect of sulfur
added to total solids ratiol J]. Water Res, 2003, 37:2449-2457.
Tyagi R D, Blais J F. Comparison of Microbial Sulfuric Acid
Production in Sewage Sludge from Added Sulfur and Thiosulfate[ J1. J
Environ Qual, 1994, 23:1065-1070.

Chen S'Y, Chiu Y G, Chang P L, et al. Assessment of recoverable
forms of sulfur particles used in bioleaching of contaminated sediments
[J]. Water Res, 2003, 37:450-458.

Fang D> Zhao Ls; Zhou L X, et al. Effects of sulfur forms on heavy
metals bioleaching from contaminated sediments[ J1. J Environ Sci
Health, Part A, 2009, 44:1-8.

Chartier M> Mercier G> Blais J F. Partitioning of trace metals before
and after biological removal of metals from sediments[ J1. Water Res,
2001, 35:1435-1444.

B, T, FLTA, S5 T AR B T G e vh R AR
BEBRACRISEAL) ] FABTREE, 2000, 308):2347-2352.





