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Abstract: Biological immobilization is a new method for the prevention and control of heavy metal
pollution in the water source areas. In this study, ilumobilized sulfate reducing bacteria (SRB) was
used to treat wastewater containing thallium, and the main mechanism of thallium removal was
studied. The results indicate that the SRB retained its activity after immobilization, and pH and
contact time had great impact on thallium removal. The beads had great tolerance to pH change, and
the optimum value is 6. Saturated amount was reached at 720 min. The amount of bacteria entrapped
and concentration of sulfate in wastewater played key roles in the process of treating thallium by

immobilized SRB, and the max treatment amount of thallium was up to 253.94 pg-g . The
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composition of precipitation in the immobilized SRB system was analyzed by energy dispersive
spectrometer (EDS) and X-ray diffraction ( XRD). It was revealed that thallium sulfide existed in
the precipitation of the solution and beads. Precipitation of thallium sulfide was the important
mechanism for thallium removal during the course of treating wastewater containing thallium by the
beads of immobilized SRB. Immobilized SRB can effectively prevent and control thallium pollution in
water source areas.

Keywords : immobilized SRB, toxicity, mechanism, precipitation.
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Fig.1 Influence of pH on thallium removal Fig.2 Influence of contact time on thallium removal
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Fig.3 Schematic diagram of precipitation process

2.5 BRPERAR B 1A R

HBIFFERI) AR B TR AR 5 - e R AR R RS (] 7 A /N ER AL B B R OK Y RE R R ( 1) SN
1 mg- L™ BFK 235 A 10—500 mg- L7 AYBRIR AR 26, B TH63800 200 r-min™" (N 30 °C B9
IR AR 24 b, FHJC KGR TR 3% 5 ( Flamless atomic absorption spectrophotometry , FAAS ) 5 il H:
e L) (K 4).

[o%)

(=3

(=}
1

1
[
(93
=]
T

L]
4
m&fwﬁ\-

Bacteria quantity

A

15
f=3
(=]

[
(=}
T

Removal amount/(ug-g™")

—o— 25%
—A— 35%
100 -
50 I 1 1 1 ]
0 100 200 300 400 500

SO%’ concentration/(mg-L™")
4 TRERA AR AR
Fig.4 Influence of sulfate and bacteria quantity
WE L3 PR R 1 K 7E SOT WRBEN 0 53] 200 mg- LB, [ 5 Al /INERORH 8 ( T ) 10 b 34 320 ¥
AR B RALFRE 3518 253.94 pg- g™ (35% E AL & ) M1 214.32 pg-g ' (25% Wk a3 &) | I A0 11



34 SRR A ¢ 181 2 AR R ER 1 S T Ak B e B K SR B LA RE AL 595

PRIVR B R, S e B, SO MR B ey, T U Ak A T UE LU 081 76 1 B 5 A R AL 2 1 Wk B Ak e 1 R T
FEAL SRB X EeAb B AN WA ARG, 1R A O A AL U OC. AL B0 SRB BAT R AR, BEE T
SO Ve BE AL 1S T 4 20 DA A T A A S 1 B Ak S i i s 22 B R 11 A/ NER BB S AE — R B AR 4P
AR 2 B R T AL SRR (HB i 2 OB SR B 258 1 I A/ N BEROW TR PR3P, X SRB
W REEE AN E N R AU A E R g AR R T R R 6 R VS B R, A PR
RPN B, W ROT BRI RRAR R & — AR S
2.6 FAHUBEREIE I E

] 7E 1k SRB /NERAE B A K BT R DG B BB AMACR, AbFR 28K 5 728 A AU B BRI H 2%
TS 25 k3% (18] 5) .34 H1.45% ( Scanning electron microscopy, SEM) #F— 25 WX i /s [# %2 £k SRB b FR
R 7K I 2 TR PR S A 25 B A S | L 1A R ) 1 S AN RS R, | 2 D Ah 45 4 I 7K it e v [
JEAL SRB /NERR T AN &8 & A2 T — RN . S S ik o #2520 (1.2) ARAF, i i BB 3 73 B 4
(Energy dispersive spectrometer, EDS) X} /MK HIFIAFRIELTHEIE 7087 (K] 6) , &P [ 5E fb. SRB KA
P ERfEEAE TR

a. before b. after

— ]

B 5 [EEf SRB A& S K TR RS2 1L
Fig.5 Morphology changes of immobilized SRB before and after processing Tl bearing wastewater

1A Surface

q
LJ TN T TN T T T S T Y N T SN T T S N AN TN T T AN A Y NN N T [N [N SO S S |

0 0.5 1.0 1.5 2.0 25 3.0 35
Energy/keV

|' [ e @ @ @ PR Inner

0 0.5 1.0 1.5 2.0 25 3.0 35
Energy/keV

6 [AEfk SRB FIAEH A
Fig.6 EDS diagram of immobilized SRB



596 57N 5% 1k 2 36 %

2.7 XRD 5
[ 5 Al /INER AL B 4 R K AT JS ZNER X B AR A i an /&l 7 .

20000\,
15000 |~
-~ Before
S
z
Z 10000 |-
5
5000
A A After
0 | |
0 25 50 75 100

20/(°)

7 /NERALERE K AT XRD A7 4t

Fig.7 X-ray diffraction patterns of beads before and after processing wastewater
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(3)SEM-EDS Fl XRD i 52 [ 7 fb/ MRS B 5 28 K 5, /NR N AFTE B Ak & , [ 7€ 1k SRB 38 i i Ji
B R AR B3 T U Ak A Ve R BRI K P g5 L.

Bt AR LI RTE N I E A I O R B 598 5 R SR, TR R R B

SZ 3k (References)

[ 1] XIAOT, GUHA J, BOYLE D, et al. Naturally occurring thallium; A hidden geoenvironmental health hazard? [ J]. Environ Int, 2004,30;
501-507

[2] JOHN PETER A L, VIRARAGHAVAN T. Thallium; A review of public health and environmental concerns [ J]. Environment
International , 2005, 31:493-501.

[3] YANG CX, CHENY H, PENG P A, et al. Distribution of natural and anthropogenic thallium in highly weathered soils [ J]. The Science
of Total Environment, 2005, 341.159-172.

[ 4] Twidwell L G, Williams-Beam C. Potential technologies for removing thallium from mine and process wastewater; An annotation of the
literature[ J |. Euro-Miner Process Environ Prot 2002,2; 1-10.

[ 5] XU, H bR, Wk B m ge s Je MG X O B[], £1E,2007,39(4) :528-535.
LIU J Y, CHANG X Y, TU X L. Thallium pollution and its countermeasures[ J]. Soils,2007,39(4) :528-535(in Chinese).

[ 6] ZHANG L, HUANG T, ZHANG M, et al. Studies on the capability and behavior of adsorption of thallium on nano-Al,05[J]. Journal of
Hazardous Materials, 2008, 157.352-357.

[ 7] Phsde, HREAE AR 55 40 IR M EE Y 2R BEA BIATFT [ T] . MbIR 5358, 2010,38(3) :383-385.
SUN J L, XIAO T F, ZHOU L B, et al. Bioflocculant treatment of mine water from tl mineralized area[ J]. Earth and Environment, 2010,
38(3) :383-385(in Chinese).



3

SRR A ¢ 181 2 AR R ER 1 S T Ak B e B K SR B LA RE AL 597

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

QIN Z, CHEN Y, MING Y, et al. Enhanced bioremediation of heavy metal from effluent by sulfate-reducing bacteria with copper-iron
bimetallic particles support[ J]. Bioresource Technology, 2013, 136(5) :413-417.

Wi, SRIE T, WK, 45, pH IREE B i S vik BEXT R R 340 I T DL A ) S [ 0 BABE TR %441 ,2014,8( 10) :4105-4109.
CHEN W T, ZHANG H G, CHEN Y H, et al. Effect of pH, temperature and initial concentration on thallium removal by sulfate-reducing
bacteria [ J]. Chinese Journal of Environmental Engineering,2014,8(10) :4105-4109(in Chinese) .

WANNARAK N, PARICHAT N, ONRUTHAL P. Diesel oil removal by immobilized Pseudoxanthomonas sp. RN402 [ J].Biodegradation,
2013,24(3) :386-397.

AR, R E P W JERE , AR A TR ARG IR T [ M ALt EERERLE IR, 1990 163-165.

YU Y X, WU G Q, MENG X T, et al. Environmental engineering microbiology examination handbook [ M]. Beijing; China Environmental
Science Press, 1990:163-165(in Chinese).

MANSOUR M, OSSMAN M, FARAG H. Removal of Cd ( Il ) ion from waste water by adsorption onto polyaniline coated on sawdust [ J].
Desalination,2011,272( 1) :301-305.

PARK Y J, KO J J, YUN S L, et al. Enhancement of bioremediation by Ralstonia sp. HM-1 in sediment polluted by Cd and Zn[ J].
Bioresource Technology,2008,99(16) ; 7458-7463.

XU X Q, LI X M, YANG L, et al.Biosorption of lead and copper ions by penicillium simplicissimum immobilized on a loofa sponge
immobilized biomass [ J].Acta Scientiae Circumstantia, 2008,28(1) :95-100.

CAO JY, ZHANG G J, MAO Z S, et al. Influence of Mg>* on the growth and activity of sulfate reducing bacteria[ J]. Hydrometallurgy ,
2009, 95(1-2) :127-134.

ZAGURY G J, KULNIEKS V I, NECULITA C M. Characterization and reactivity assessment of organic substrates for sulphate-reducing
bacteria in acid -mine drainage treatment [ J]. Chemosphere,2006, 64(6) :944-954.

MIN X B, CHAI L Y, ZHANG C F, et al. Control of metal toxicity, effluent COD and regeneration of gel beads by immobilized sulfate-
reducing bacteria [ J].Chemosphere,2008,72(7) ;1086-1091.

FANG D, ZHANG R, LIU X, et al. Selective recovery of soil-borne metal contaminants through integrated solubilization by biogenic
sulfuric acid and precipitation by biogenic sulfide[ J]. Journal of Hazardous Materials, 2012, 219-220(12) ;119-126.

CHEN JH,NIJ C, LIU Q L, et al. Adsorption behavior of Cd( Il ) ions on humic acid-immobilized sodium alginate and hydroxyl ethyl
cellulose blending porous composite membrane adsorption [ J]. Desalination,2012,285(31) ;54-61.



