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Abstract: In the case of in-situ leaching of uranium, the primitive geochemical environment for groundwater is changed since
leachant is injected into the water bearing uranium deposit. This increases the concentration of SO4*, uranium and other heavy metal
jons and results in the groundwater contamination. The effects of pH values of the simulated solution on the reduction of SO,* and
the removal of uranium and other heavy metal ions by sulfate reducing bacteria(SRB) were studied. The results show that, when the
pH value of the simulated solution is about 8, the reduction rate of S0~ by SRB and the removal rate of uranium, Mn*", Zn*", Pb*
and Fe** will reach their highest values. A bioremediation technique for remediation of groundwater in in-situ leaching uranium mine

can be developed.
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1 Introduction

Acid
combining mining processing with metallurgy. The acid

in-situ leaching is a new technology
solution is injected into the sand mineral rock with water,
and the pregnant solution is pumped out from pregnant
well. Its advantages are as follows: lower cost, friendly
environment and safe condition, high recovery of
resource, and so on. Since 1970, the acid in-situ leaching
of uranium has been studied. Several mines of acid
in-situ leaching were built by studying and exploring for
more than 30 years.

H,SO, are used as leachant in the acid in-situ
leaching of wuranium in China. The geochemistry
environment is changed by the injection of H,SO,4, and
the concentrations of SO4>", uranium and heavy mental
ions increase. The pollution of groundwater is severe.
The ingredients of groundwater in a well field after being

exploited by in-situ leaching in China are shown in Table

1. The data in Table 1 show that the groundwater has
been polluted by SO,”", uranium and heavy metal ions.
The concentrations of SO, and heavy metal ions go
beyond the national standard largely.

In fact, the pollution of acid in-situ leaching of
uranium was concerned many years ago. The large cost
was used to do research about the physical and chemical
technology to restore the polluted groundwater. The
physical and chemical technology has been put forward.
The research harvest has not been used due to the
expensive cost. In this condition, bioremediation, a new
kind of decontamination of polluted groundwater is put
forward. The reducing function of sulfate reducing
bacteria(SRB) to the polluted groundwater was studied
by simulated polluted groundwater in lab. The removal
of U, Mn, Zn, Pb and Fe was studied too. The results
show that SO,%, U, Mn, Zn, Pb and Fe in polluted
groundwater can be removed in certain condition. It can
provide evidence to restore polluted groundwater in
uranium mine of acid in-situ leaching in the future[1-7].
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Table 1 Ingredients of groundwater in well field after being

exploited
El ¢ Concentration/ National standard of
emen (mg'Lfl) groundwater/(mgL*l)
Fe*' 412 0.3
Mn?* 3.72 0.1
Pb** 0.37 0.05
SO% 3570 250
18] 20 0.05
pH 2.1 6.5-8.5

2 Experimental

2.1 Materials

Medium contains sodium lactate 4.0 mol/L; yeast
decoction 1.0 mol/L; vitamin C 0.1 g/L; MgSO,7H,O
0.2 g/L; K,HPO, 0.01 g/L; NaCl 10.0 g/L; and
(NH,4),Fe(SO4),-6H,0 0.2 g/L.

The water sample containing SRB was from a
sewage treatment pond of paper mill in Hengyang,
Hunan Province, China. The SRB was domesticated for a
week in vibrator at 35 ‘C and 5 g/L Na,SO, was put into
the water sample. Then, the domestication was continued
with medium. The medium was replaced once a week.
After 4 weeks of domestication, SRB for lab experiment
was obtained. SRB was saved in the obturation vessel at
4 °C. The activation was done periodically in order to
keep the activity of SRB.

2.2 Methods
2.2.1 Effect of pH value of solution on SRB reducing
SO,

The pH value of seven medium samples was
adjusted to 4, 5, 6, 7, 8, 9 and 10 separately with 0.1
mol/L HCl and 0.1 mol/L NaOH. Then the medium
samples were sterilized under the pressure of 1.4X10°
Pa in the sterilization pot for 20 min. (NH4),FeSO, was
sterilized by ultraviolet radiation and then was put into
medium samples. In the meantime, the domesticated
SRB was put into medium samples by 10% (volume
fraction). Oxygen was removed by blowing nitrogen for
5 min. At last, the initiative pH and concentration of
medium sample were analyzed. After anaerobic
cultivation in vibrator at 35 ‘C for 3 weeks, the pH and
concentration of medium samples were analyzed.

2.2.2 Effect of pH value of solution on removal of U,
Mn?', Zn*", Pb*" and Fe*"

A certain quantity of U;0g, MnCl,, ZnSO47H,0,
Pb(NO;), and FeSO, 7H,0 were weighed separately and
then put into volume flask to dissolve. The
concentrations of U, Mn*', Zn*" and Pb*" were kept in
1-10 mg/L and the concentrations of Fe*' is kept in
10—100 mg/L. The pH value of three medium samples

were adjusted to 6, 7 and 8 separately with 0.1 mol/L
HCI and 0.1 mol/L NaOH. Then the medium samples
were sterilized under the pressure of 1.4X 10° Pa in the
sterilization pot for 20 min and then cooled.
(NH,4),FeSO, was sterilized by ultraviolet radiation and
then was put into medium samples. In the meantime, the
domesticated SRB was put into medium samples by 10%
(volume fraction). Oxygen was removed by blowing
nitrogen for 5 min. At last, the initiative pH and
concentration of medium sample were analyzed. After
anaerobic cultivation in vibrator at 35 °C for 3 weeks, the
pH and concentration of medium sample were analyzed.

3 Results and discussion

3.1 Influence of pH value on reduction ability of SRB
to sulfate
After anaerobic cultivation in vibrator at 35 C for 3
weeks, the pH and concentration of medium sample were
analyzed. The test results are shown in Table 2 and
Figs.1 and 2.

Table 2 Effect of pH value of solution on reducibility of SO,
by SRB

.. Initial End Reduction
Initial End . .

I concentration of concentration of  rate of
pH P SO /(gL SO /gL SO %
4 5.60 1.2 1.029 14.25
5 6.50 1.2 0.806 32.83
6 6.53 1.2 0.429 64.25
7 6.80 1.2 0.244 79.67
8 6.99 1.2 0.238 80.17
9 7.24 1.2 0.628 47.67
10 7.36 1.2 0.801 33.25
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Fig.1 Variation of pH value of samples during anaerobic

cultivation
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Fig.2 Effect of pH value on removal rate of S0.%

The results show that the pH value is close to 7
during anaerobic cultivation. And the reducibility of SRB
to sulfate is considerably affected by the pH value. The
reduction rate of SRB to sulfate is high when the pH
value is 7-8.

3.2 Removal of heavy metal ions at different pH
values
The concentrations of U, Mn**, Zn**, Pb*', Fe*' in
solution were measured after anaerobic cultivation for 3
weeks. The results are shown in Tables 3—5.

Table 3 Removal rate of metal ions at pH 6

Initial End concentration
Metal . Removal
. concentration/ (3 weeks later)/ o
ion (meL ) (mgL ) rate/%
U 10.0 1.6 84.0
Zn*t 6.15 5.15 16.3
Fe** 208 44.56 78.6
Mn*" 527 4.66 11.6
Pb*" 423 0.64 84.9
Table 4 Removal rate of metal ions at pH 7
Initial End concentration
Metal . Removal
. concentration/ (3 weeks later)/
ion (mgL ) (mgL ) rate/%
U 10.0 1.5 85.0
Zn*t 6.15 0.5 91.9
Fe?! 208 3.66 98.2
Mn*" 527 0.85 83.9
Pb*" 4.23 <0.5 >88.2

The results in Table 3 show that the
decontamination effects of U, Fe*" and Pb*" are quite
good and the decontamination effects of Zn and Mn*" are

Table 5 Removal rate of metal ions at pH 8

Initial End concentration
Metal . Removal
. concentration/ (3 weeks later)/
ion i a Rate/%
(mg'L7) (mg'L™)

18] 10 0.64 93.6
Zn** 6.15 1.5 75.6
Fe** 208 3.30 98.4
Mn** 5.27 1.5 71.5
Pb** 423 <0.5 >88.2

unsatisfied.

The results in Table 4 show that the
decontamination effects of all the metal ions are good,
and the decontamination effects of Zn*" and Fe?" are the
best.

The results in Table 5 show that the removal rates
are high for all the metals at pH 8 and the
decontamination effects of U, Fe*" and Pb*" are the best.

4 Conclusions

1) The influence of pH on the reducing ability is
considerable. The reducing rate is high when pH values
are between 6 and 8. The reducing effect is the best when
the pH value is 8, and after three weeks, the reducing rate
of SO,* is up to 80.17%.

2) The influence of pH value on the
decontamination effects of U, Fe?' and Pb*" is
considerable. The decontamination effects of U, Fe*" and
Pb>" are quite good when pH value is 6, and the
decontamination rates are all above 75%. But the
decontamination rates of Zn*" and Mn*" are not good and
the decontamination rates are only 16.3% and 11.6%,
respectively. When the pH value is 7, the
decontamination effects of all metal ions are good. When
the pH value is 8, the decontamination rates of U and
Fe*' are 93.6% and 98.4%, respectively.

3) When the pH value of solution is 8, the reducing
effect of SO,* and the decontamination effects of U,
Mn**, Zn*, Pb*", Fe*" are both very good.
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