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The effect of As(V ) on the oxidizing capacity of the mixed culture
of Acidithiobacillus ferrooxidans

WANG Hong-mei, YANG Xiao-fen, GONG Lin-feng and JIANG Zheng-bo
(Key Laboratory of Biogeology and Environmental Geology of Ministry of Education, China University
of Geosciences, Wuhan 430074, China)

Abstract: Comparable studies were conducted between chemical oxidation and microbial oxidation of ferrous sulfate by a mixed culture
of Acidithiobacillus ferrooxidans in the presence of different concentrations of As( V). Eh, pH and Fe?" concentration were moni-
tored periodically and the final precipitation was analyzed by X-ray diffraction (XRD) and SEM. The data obtained showed and
chemical oxidation of F&" was very slow with a final oxidizing ratio of <8% and As( V) had no effect on Fe*" oxidation chemical-
ly. Slight enhancement of Fe?* oxidation was observed by 100 mg/ L As( V') in the microbial system. Complete oxidation of Fe?”

could be reached in about 60 hours in the presence of A. ferrooxidans with 500 mg~1 g/L As(V ). However, microbial Fe*™ oxi-
dation was greatly inhibited by 4 g/L. As('V ) and about 106 hours were needed for complete oxidation. Initial mole ratios of 100 As/
(As+S) affected the final solid phase and the crystallization of the precipitation. In the microbial system, typical symmetric peaks of
jarostie were clearly distinguished in the precipitates with << 1g/L As('V) but the crystallization was decreasing with the increase of

As( V') concentration. Only amorphous solid was observed in the precipitate with 4 g/L As(V ). Elemental mapping indicated that
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As was evenly distributed in the precipitates either by adsorption or by structural incorporation during the iron oxidation. These results

provide important information for the treatment of As contamination in AMD regions.

Key words: A. ferrooxidans; As(V') ; jarosite; acid mine drainage (AMD)

Acidithiobacillus ferrooxidans
A. ferrooxidans
pH=1~3
F€2 t
AMD

A. ferrooxidans

schwertman-
nite

AMD

Bigham et al. 1996 Swedlund and Web-
ster 2001 Carlson ez al. 2002
Lee et al.
2002 Fukushi ez al. 2003
As 100 X 10°%~2 000 X 10~ Savage et al.
2000 As As
Savage et al . 2005

A. ferrooxidans

Collinet and Morin 1990 A.
Sferrooxidans 10 g L
A. ferrooxidans
14.7~40 g L Collinet and Morin
2008

Cervantes et al .

1990
Dave et al .

1994

A. ferrooxi-

dans Tuovinen et al .
1971 A. ferrooxidans
As V Fe?*
As V Yang et al. 2009
A. ferrooxidans Fe S
As V A. ferrooxidans
As

AMD As 'V
1
1.1

2008 4

N 30°54'10.6" E 117°53'36.2"

50 mL
1.2
Wang 2006
4.05 mM H,SO,
1.6 mM MgSO; 7 H,O 3.0 mM NH,; , SO,
3.0 mM KH,PO, 120 mM Fe?™*
FeSOy 7 H,O 2%
230 r min
30C S3
2
A. ferrooxidans S3
Omg L 100 mg L 500 mg L 1g L. 4gL As V
4 2 2
Wang 2006
N213ASO4 HzSO4
pH 2.5~2.7
pH Eh Fe**
Fet As V
FeZ+
SEM X XRD
Fe&™*
2004 pH Eh pH Eh PHS-3C
X SEM
EBSD
0.3 pm
a 15~200 min
5~10 nm
3
3.1 pH

As V pH



6 As 'V 509
2.80 1 a—e AS \/
a 4gL pH 1.9
260} RinAs pH 2.3 As V
< S ~
=240 <lglL S3 pH 20~30 h
= 30~38 h 2.7
220}F 2.0 500mg L 1g L As 'V
2.00F
100mg LAs V S3 pH
L As V S3 1b 4g L
b As V
As(V): 0.1 g/L 1e pH 94 h 1.8
106 h 2.0 1.9 le
pH
pH PRt S3
3.2 Eh
L Eh
¢ Fe'  Fe*
> 6] AS(V): 0.5 g/L € €
’ Fe'
240 Eh 300 mV
= 2a~e S3 Eh
220¢ 400 mV 72 h 630
200k mV 4¢gL Eh
120 h Fe'
58 : ' ' - 2e 100mg LAs V3 Eh
3 AV 1o As V. S3 6~8 h
2. (V) le
60 As V F&t 2b
2.40 3.3 Fet
£ P&t Al
2.20
ferrooxidans Fe&t = F&F -
.00 Fe** Fe?* % 100%
8%
1.80 ) 1 L ;
2.70} . S3 4g LAs YV 106 h
As(V):4gfL 601’1 100% 3’(1
2501 —e— LR - As V S
—— SIRAREM ¢ S -
. 230 100 mg L As V Fe?*
= 8 h As
2.10 . ) -
V A. ferrooxidans Fe 3b 4
1.90 g L As V S3
3e
! ‘700 4I0 h 8I0 ll20 160 3.4 XRD
t
As V S3
1 As V S3 XRD As V
pH da—~e
Fig. 1 Variation of pH with time in the chemical controls 4gL
and S3 mixed cultures amended with different concentrations 100As  As+S

of As V

Savageetal . 2005



510 28

700 100
a a
*BHA ikj]uAS
600 ) 80
500 =
. ¥ 60
§ 400 E
= 5 40
300 5}
(=
2001 20
100 . . . 00 .
700 100
b b
600 As(V): 0.1 ¢g/L SOk As(V): 01¢gL
500 ==
> o 60
£ 400 B
= S
300 EE“{ 40
i
200f 20
100 . L 1
04 2
700 c 100 ¢ c
600 As(V): 0.5 gL %0 As(V): 0.5 g/L
500 {\O
. 4
> o 60
£ 400 ®
54} +
300 :2 40
200 20
100 L L L
04 :
700 d 100 - +
600 As(V): 1g/L d
80 As(V): 1 g/l
500 -
> <
E 400 i 60
= =
= 4
300 B 40
Nﬂ)
200 -
20
100 ! ! )
700 c 04 !
100 *
600 (S
A~ ol ——wzum
SO0F —e— S3imasRi &= TS RARRR
Z 400 ﬁ 60f
=
2 w
300 4 40F
S
200
100‘ As(V Y. 4 gL 20 As(V) 4 gL
0 40 80 120 160 04
t/h 0 20 40 60 80 100 120
2 As V. S3 3 As V Fe**
Eh
Fig. 2 Variation of Eh with time in the chemical controls and Fig. 3 Theeffect of As V on Fe*" oxidation in chemical

S3 mixed cultures amended with different concentrations of As V controls and microbial systems



511
3.08 As V 00.1gL 100
3.07
As As+S 0 1.03 XRD
32 3b As V
0.51.0g L 100As As+S 4.94
b As(V): 0.1 g/l 9.43
1.98 | o3 4c 4d As V 4gL 29.41
4e
3+
¢ As(V):05glL Fe
Lazaroff et al. 1985 Sasaki et al. 2000
2005 Jensen et al. 1995 As V
d As(V):1gL 4glL Fe?* Fe'*
3.5
As(V): 4 gL
M\w Sc 5d 461 3
1 1 L L L 1 ) () AS S Fe (‘
10 20 30 40 50 60 70
26/° As
5b As V Fe?*
As V
XRD K 1glL 3 K
Fig. 4 XRD spectra of precipitates in microbial
As K
systems As K

Elemeni Wit

O 2149 20.70
23f

As 9.56 197
S .60 1.97
C 57.78 74.13
X TR Y Y Fe 10.58 2.92

5 As V 4gL As

Fig. 5 SEM-EDX and As mapping of precipitate in the microbial system amended with 4 g L. As V



512

28

<8% Fe&T As V
Fet 4
Fe2t Fet

46 h 100 mg L

gL AsV

Fe?™*
100 As As+S
0~1.03

4.94~9.43
29.41
Fe?*

As V
As V

References

Bigham ] M Schwertmann U Traina S ] et al. 1996. Schwertman-
nite and the chemical modelling of iron in acid sulfate waters ] .
Geochimica et Cosmochimica Acta 60 2 111~2 121.

Carlson L Bigham J] M Schwertmann U et al/. 2002. Scavenging of
As from acid mine drainage by schwertmannite and ferrihydrite a
comparison with synthetic analogues ] . Environ Sct Technol. 36
1712~1719.

Cervantes C  Ji Guangyong Ramirez | ez al. 1994. Resistance to ar-
senic compounds in microorganisms ] . FEMS Microbiology Re-
views 15 355~367.

Collinet M N and Morin D. 1990. Characterization of arsenopyrite oxi-

arsenate ferrous and

ferric iron J . Antonie van Leeuwenhoek 57 4  237~244.
Dave SR Gupta K H and Tipre D R. 2008. Characterization of arsenic

dizing Thiobacillus. Tolerance to arsenite

resistant an arsenopyrite oxidizing Acidithiobacillus ferrooxidans
from Hutti gold leachate and effluents J . Bioresource Technology
99 7514~7520.

David D J Pradhan D and Das T. 2008. Evaluation of iron oxidation
rate of Aacidithiobacillus ferrooxidans in the presence of heavy met-
al ions J . Mineral Processing and Extractive Metallurgy 117 56
~61.

Fukushi K Sasaki M Sato T ez a/.2003. A natural attenuation of ar-
senic in drainage from an abandoned arsenic mine dump J . Appl.

18 1267~1278.

Geochem.

Jensen A B and Webb C.

1995. Ferrous sulphate oxidation using
Thiobacillus ferrooxidans a Review ] . Process Biochemistry 30
3 225~236.

Lazaroff N Melanson L. Lewis E et a/. 1985. Scanning electron mi-

croscopy and infrared spectroscopy of iron sediments formed by

Thiobacillus ferrooxidans ] . Geomicrobiology J. 4 3 231~
268.

Lee G Bigham ] M and Faure G. 2002. Removal of trace metals by co-
precipitation with Fe Al and Mn from natural waters contaminated
with acid mine drainage in Ducktown mining district Tennessee J .

17 569~581.
Sasaki K and Konno H. 2000. Morphology of jarosite-group compounds

Appl. Geochem.

precipitated from biologically and chemically oxidized Fe ions J .
The Canadian Mineralogist. 38 45~56.

Savage K S Bird D K and Ashley R P. 2000. Legacy of the California
gold rush environmental geochemistry of arsenic in the southern
Mother Lode Gold District J . Int. Geol. Rev. 42 385~415.

Savage K S Bird KD and O’ Day P A. 2005. Arsenic speciation in syn-
thetic jarosite J . Chemical Geology 215 473~498.

Swedlund P J and Webster J G.2001.Cu and Zn ternary surface complex
formation with SO, on ferrihydrite and schwertmannite J . Appl.
Geochem. 16 503~511.

Tuovinen O H Niemeld S I and Gyllenberg H G. 1971. Tolerance of
Thiobacillus ferrooxidans to some metals ] . Antonie van Leeuwen-
hoek 37 489~496.

Wang H Bigham ] M and Tuovinen O H. 2006. Formation of schwert-
mannite and its transformation to jarosite in the presence of aci-
dophilic iron-oxidizing microorganisms ] . Material Science and En-
gineering C 26 588~1592.

Yang Xiaofen Wang Hongmei Gong Linfeng ez al. 2009. Fe I ox-
idation by Acidithiobacillus ferrooxidans in pure and mixed cultures
in the presence of arsenate J . Frontiers of Earth Science in China
3 221~225.

Zhang Zijian. 2004. Study on the Bio-tricking Filter Flue Gas Desulphur-
ization Techniques and Its Mechanisms D . Guangdong University of
Technology in Chinese with English abstract .

et al. 2005. SEM Study on

Jarosite Mediated by Thiobacillus ferrooxidans ] . Geological Jour-

234~238 in Chinese with Eng-

Zhu Changjian Lu Jianjun Lu Xiancai

nal of China Universities 11 2

lish abstract .

. 2004.
D . 18~19.
. 2005.
SEM J.

11 2 234~238.



