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STABILITY OF BIOREMEDIATED SOIL CONTAMINATED BY Cu’* OR Pb**

XU Zhaoyang YANG He HUANG Jianzhang LI Zhangyan WANG Haibo
( College of Civil Science and Engineering Yangzhou University Yangzhou 225009 China)

Abstract: Microbially induced calcite precipitation ( MICP) applied to improvement soil and remediation of polluted
soil has increasingly been paying attentions due to the good effects of reinforcement and remediation of contaminated
soil. Calcium carbonate precipitation can remediate soil contaminated by heavy metals through adsorption and
immobilization. However less research has been done on stability of bioremediated soil by MICP in practice. The
changes of exchangeable heavy metal content were measured under different acidity and freezing and thawing cycle
conditions. It was found that the removal efficiency of Cu’* was 74. 8% ~79.4% after bioremediation three times
and the removal efficiency of Pb”** was 91.3% ~93.2%. The exchangeable heavy metal content increased slightly
under freezing and thawing cycle condition. But in acidic solution the content of exchangeable heavy metals in the
remediation soil increased with the decrease of pH value. In nitric acid rain solution ( pH =2.5) the content of
exchangeable copper increased by an average of 27. 2% and lead increased by 23. 6% . Therefore the strongly acidic
condition had a great influence on the stability of bioremediated soil.

Keywords: MICP; soil contaminated by Cu®*; soil contaminated by Ph>*; stability of remediation; freezing and

thawing cycle; acidic solution
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MICP
96. 9% \95% 80% o Kumari
MICP
(10 C) MICP
90% ® . Pan
MICP
9 10-11
83% 91% - pH <
Pb**  Ca’* ( P. Stutzeri)
Pb2+ 12 . Pb2+
CaZ+ Pb2+
Pb2+ Pb2+
0.01 ~0.5 mmol/L.  Pb** 97% .
1 000 m*
13
66. 01 mg/kg
24.02 mg/kg. Li
MICP
14
MICP
MICP
1
1.1
( ATCC® 11859™) 20 g-
10 g+1. 0 mol/L ( Tris)
130 mL. pH 8.8~9.0.
30 C ( 180 r/min) 24 h
600 nm 0Dy, >0.9
26 C 1.1 ms/(cme
min~") , CaCl, 1.5 mol/L.  CO( NH,) ,
1.5 mol/L o
1.2
1.2.1
1 2 0 N
CuSO, Pb( NO,),
34

Cu’"y Pb*" 500 mg/kg.
100 mL 100 mL
500 g 30 C
10d 30 d.
10d 500¢ 200 ml
1

Table 1 The engineering characteristics of silt
/

G, wpl% w /% 1%  (geem™?) w,, 1%
2.70 20.5 28.9 8.4 1.52 25.6
2
Table 2 Grain composition of silt %

0.5~0.25 mm 0.25~0.075 mm 0.075 ~0.005 mm <0.005 mm

0.2 16.8 76.8 6.2
1.2.2
Tessier
15
o 3 4
. Cu’* . Pb** o
Cu’* .
Ph** o
3 Cu’?
Table 3 Test results of exchangeable Cu’* in soil
/(mgekg™") /( mgekg™") 1%
302. 8 62.5~71.3 74.8 ~79.4
302. 8 245.7 ~256.2 15.4 ~18.9
4 Pb*"
Table 4 Test results of exchangeable Pb** in soil
/(mg-kg™") /(mg+kg~") 1%
340. 4 23.1~29.6 91.3~93.2
340. 4 271.7 ~287.8 15.5~20.2
3 4 : 3
N 74.8% ~79. 4%
91.3% ~93.2% o
1.3
Cu’* .Pb**
Cu** 500 mg/L. CuSO, Ph**
500 mg/L. Pb( NO,), 48 h
( SEM) X ( XRD)
0 1
2 XRD
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. 16
A
B pH o
. 3 A.B
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3. 4 .
a— (600 ); b— (5000 ) ; pH
c—Cu?* (600 ); d—Cu®* (5000 ) : pH=2.5 60
e—Ph** (600 ); f—Ph** (5000 ).
| d 27. %
Fig. 1 SEM images of sediments under different conditions 23.6%;
22.4% 18.2%
pH
a— : b—Cu®* : c—Pbh** o
A—CaCO,( ) ; B—CaCoO,( ); C—PbCO; .
2 XRD
Fig.2  XRD pattern of sediments
CaCoO,
. Cu’? a— » b— o
CaCo, —m—pH=5.5; —e—pH=4.5; —a—pH=3.5; —v—pH =2.5.
3
Cu* . PL2* pH
: Fig.3 The changes of leaching amount of heavy metals in
XRD : CaCO, bioremediated copper contaminated soil under
PhCO, PbCO, different acidic solutions and pH values

Cu’* \Pb*" — 35



a— i b— o
—m—pH =5.5; —e—pH =4.5;
—a—pH=3.5; —v—pH =2.5.

4 pH
Fig.4 The changes of leaching amount of heavy metals in
bioremediated soil contamiated by lead under

different acidic solutions and pH values

2.2

N 60
16 h 30 C 8 h 3

36

5 60 d
Fig.5 The changes of the combination form of bioremediated soil

contaminated by copper under acidic environment after 60 days

6 60 d
Fig.6 The changes of the combination form of bioremediated

soil contaminated by lead under acidic environment after 60 days
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Fig.7 The changes of the combination form of bioremediated

contaminated soil after 60 cycles of freezing and thawing
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