
-



-



-





-

-

-

-



-

-

-



mg/L mg/kg

0.01 150

0.05 250

50
0.0005 15

0.01 150

0.01 150

0.01 150

0.8 4000

1 4000





-

-

Cd Cr Hg Se Pb As F B

0.2 100 0.08 0.05 13 1.8 625 10

0.098 185 0.08 0.05 8 1 625 10

84 16.9 6.5 7.1

0.158 65.2 0.054 23.1 9.32

No. m3

1 As

2 As

3 As

4 As Pb

5 As F

6 Pb 20,000

7 As Pb 10,000

8 Se 3,000

9 As Pb Se 56,000

10 As Pb 100

11 As Se 4,000

12 As 5,000

13 As

14 As Se 45,000

15 As Pb 10,000

16 As 25,000

17 As 11,000



9 4

0.01 0.001 0.001 0.001 0.001 0.001 0.001
0.006

0.05 0.01 0.01 0.005 0.005 0.005 0.01

0.0005 0.0005 0.0005 0.0005 0.0005 0.0005 0.0005

0.01 0.001 0.016 0.001 0.011 0.005 0.005 0.005 0.005
0.061

0.01 0.001 0.015 0.001 0.008 0.005 0.005 0.005 0.57 0.012

0.01 0.001 0.037 0.010 0.027 0.084 0.003 0.017 0.005 0.005 1.7 2.1

0.8 0.08 0.4 0.08 0.4 0.1 0.1 0.2 0.1 0.1

1 0.1 0.3 0.1 0.3 0.1 0.1 0.1 0.1 0.9

1

(13

1 3 1 6mg/L





- - -

- - - -

-



-

-



-

- -

- -

- -

-



-

-



Pb-mg/L

PbS 3.7 10-9 25

Pb(OH)2 0.029 25

PbCO3 0.058 25

Pb3(CO3)2(OH)2 0.083 25

Pb3(PO4)2 0.11 20

Pb 0.31 24

PbO 16 20

PbSO4 31 25

PbF2 66 25

PbCl2 8,000 25

Pb(NO3)2 235,000 25



-

-



-





SOLID

Magnetite 6.9
Rutile 5.4

Anatase 6.0
Goethite 9.2

HFO 7.9
Hematite 9.5
Kaolinite 4.5

Corundum 9.4
Periclase 12.4

-Al2O3 8.6
Gibbsite 10.0
Quartz 2.0

am,SiO2 2.2

pHZPC





1)

-

2)

-

3) -

4) -

5) -

6) -

7) -

8) -

9) -

10) -

11) -

12) -

13) -

14)

-

15)

16) - -

17) -

18)

-

-

19) -



20)

- -

21)

- -

22) -

23)

-

24)

- -

25)

- -

26)

-

27)

- -

28)

- -

29)

- -

30) -

31)

- -

32) -

33)



- -

34)

- -

35)

- -

36)

-

-

37)

- -

38)

- -

39)

- -

40) -

41)

- -

42)

43)

44) -

45) -

46) -

47) -

48) -

49)

-



50) -

51) -

52)



-

ig.loss MgO SiO2 Al2O3 Fe2O3 CaO
8.02 87.94 0.14 0.08 0.06 0.72 3.5



-

-

-



- -

-

-

-

-

1.4 10.0 24.0
ig.loss 14.75 2.73 6.46
SiO2 44.88 75.65 65.24

Al2O3 36.55 14.16 17.94
Fe2O3 1.67 1.30 5.01
CaO 0.02 0.13 0.18
MgO 0.06 0.06 0.97
SO3 0.03 0.01 0.01

Na2O 0.02 1.21 0.85
K2O 0.33 4.53 2.48
TiO2 1.48 0.05 0.58
MnO 0 0.06 0.12

0.073 0.036 0.147
4.9 6.1 5.5pH

Chemical
composition

(%)

Water content (%)



-

-



Std dry 1:10 (w/v) 5.8 6.3
Std wet 1:10 (w/v) 5.8 6.3
Acid dry 1:10 (w/v) 4.0
Acid wet 1:10 (w/v) 4.0
Alkali dry 1:10 (w/v) 11.9
Alkali wet 1:10 (w/v) 11.9
Acid100 dry 1:10 (w/v) 2.8
Acid100 wet 1:10 (w/v) 2.8

Acidrain100 dry 1:10 (w/v) 2.8 2-4
Acidrain100 wet 1:10 (w/v) 2.8 2-4

2)

mg/L mg/L

Na+ 1.13 17.4

K+ 0.12 1.85

Ca2+ 0.32 4.33

Mg2+ 0.16 2.46

NH4+ 0.33 5.08



-

-

mg/g-drysoil kg/m3

5 12.5
20 50.0
35 87.5



-

-

-

F1 1M pH7

F2 1M  (pH5.0 )

F3
0.04M 

in 25vol% Fe-Mn

F4
8.8M pH2.0

3.2M 
 in 20vol

F5



-

- -

-

Std
dry

Std
wet

Acid
dry

Acid
wet

Alkali
dry

Alkali
wet

Acid100

dry
Acid100

wet
Acidrain100

dry
Acidrain100

wet

0
<0.01
pH 7.8

0.01
pH 7.9

0.014
pH 6.7

0.076
pH 7.5

0.01
pH 11.1

0.01
pH 11.1

0.051
pH 6.7

0.217
pH 5.1

0.255
pH 5.1

0.293
pH 4.41

5
0.01

pH 9.6
0.01

pH 9.6
0.01

pH 9.3
0.01

pH 9.6
0.01

pH 11.2
0.01

pH 10.6
0.01

H 7.8)
0.01

pH 8.4
0.01

pH 8.4
0.01

pH 7.3

20
0.01

pH 9.9
0.01

pH 9.9
0.01

pH 9.9
0.01

pH 10.3
0.01

pH 11.0
0.01

pH 11.7
0.01

pH 9.6
0.01

pH 9.1
0.01

pH 9.5
0.01

pH 9.5

35
0.01

pH 10.1
0.01

pH 10.1
0.01

pH 10.1
0.01

pH 10.3
0.01

pH 11.1
0.01

pH 11.6
0.01

pH 10.3
0.01

pH 10.1
0.01

pH 10.2
0.01

pH 10.2

mg/L
pH

MgO
mg/g-drysoil



0

0.05

0.1

0.15

0.2

0.25

0.3

4 5 6 7 8 9 10 11 12

Std (dry)
Std (wet)
Acid (dry)
Acid (wet)
Alkali (dry)
Alkali (wet)
Acid100 (dry)
Acid100 (wet)
Acidrain100 (dry)
Acidrain100 (wet)

Final pH of leaching solutions

4

5

6

7

8

9
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11
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0 10 20 30 40

Std (dry)
Std (wet)
Acid (dry)
Acid (wet)
Alkali (dry)
Alkali (wet)
Acid100 (dry)
Acid100 (wet)
Acidrain100 (dry)
Acidrain100 (wet)

MgO dosage (mg/g-drysoil)



-

-

-

0
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80

100

Residual
Bound to organic matter
Bound to Fe-Mn oxides
Carbonates
Exchangeable



-

-

-

0

20
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80

100

1 365

F5( )
F4( )
F3( )
F2( )
F1( )



-

-

-

0

20
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1 365

F5( )
F4( )
F3( )
F2( )
F1( )



-

-
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-

-
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-

-

-

-

-

-

-

-

-



ig.loss MgO SiO2 Al2O3 Fe2O3 CaO
8.02 87.94 0.14 0.08 0.06 0.72 3.5



-

-

-

-



-

-

- -

-



 pH

Std 1:10 (w/v) 5.8-6.3

Alkali 1:10 (w/v) 11.9

Acid100 1:10 (w/v) 2.8

Acidrain100 1:10 (w/v) 2.8

mg/L mg/L

Cl- 2.25 34.6

SO4
2- 2.14 33.0

NO3
- 0.87 13.4



-

-

-

-

-





- -

-

- -

-



-

Aqueous pH after 24 hours of reation
2 4 6 8 10 12 14

0

20

40

60

80

100



- -

- -

-

-

Soil 1 Soil 2
0

20

40

60

80

100

Exchangeable and carbonate
Amorphous iron oxyhydroxide



-

-

-

-

MgO dosage (mg/20ml)
0 10 20 30 40 50

0.001

0.01

0.1

1

10

100

6.0
7.0
10.0

10.5

11.0

11.5

12.0
Arsenate
pH



-

-

-

-

-

- - - -



-

-

- -

- -

-

-



-

MgO dosage (mg/10g-drysoil)
0 50 100 150 200 250 300 350

0.001

0.01

0.1

1

10
(b)

4

6

8

10

12

Std
Alkali
Acid100
Acidrain100

(a)



-

-

- -

-

-

-

- -

-

-

-

-

-

-



-

-

-

-

-







-

-

-



-

-

-

-

-

- - - -

- -

-

-

-

-

-

-

-
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0.010

0.015
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0.000
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kg/m3



ig.loss MgO SiO2 Al2O3 Fe2O3 CaO
3.46 87.27 4.82 0.58 0.57 1.85 29



-

-

10
1.948
0.8

0.022
ig.loss 2.13
SiO2 63.83

Al2O3 14.81
Fe2O3 5.48
CaO 4.35
MgO 1.69
SO3 0.09

Water content (%)

Wet density g/cm3

Total-Se content mg/kg-dry soil
Leached total-Se concentration mg/L

Chemical
composition

(%)



-

Membrane filter (pore size: 3 
O-ring

Nylon mesh  (pore size: 1 

Cell BCell A

Cell B
Liquid phase

SeO4
2-

Dissolved ions
(e.g.: Mg2+, OH-, etc)

SeO4
2-

Iron(II) compound
MgO

Distilled water (15 ml)Distilled water (15 ml)

Dissolved ions
(e.g.: Mg2+, OH-, etc)

Diffusion

Diffusion

Cell A
Liquid phase

Immobilization agent
contaminated soil
(46 2 mm)



-

Cell A Cell B

Contaminated
soil (g)

Immobilization
agent (g)

1 None

2 0.051 0.017 7.16 4220

3 0.101 0.034 14.19 8357

4 0.061 0.020 7.17 4223

5 0.121 0.040 14.18 8356

 Immobilization
agent dosage
(g/g-dry soil)

Run-
No.

Shaking time
(day)

3 1 3 7
Agent 1

Agent 2

Immobilization
agent

Fe/Se
mol ratio

Fe amount of
immobilization

agent(mg)

Fe Mg
mol ratio

1.9 8.1



100



-

-

-



-



Liquid phase
of Cell A

Liquid phase
of Cell B

Immobilization
of Cell B Cell A Cell B

X1 0.028 0.027 9.2 9.1

X2 0.022 0.024 9.2 9.1

X3 0.027 0.027 9.3 9.4

0.026 0.026 9.2 9.2

0.0026 0.0014 0.0 0.1

0.005 0.003 0.1 0.3

9.1 9.3 8.9 9.5

X1 0.024 0.025 9.0 8.8

X2 0.026 0.025 9.2 9.2

X3 0.029 0.031 9.0 9.0

0.026 0.027 9.1 9.0

0.0021 0.0028 0.1 0.2

0.004 0.006 0.2 0.3

8.9 9.3 8.7 9.3

X1 0.014 0.013 0.004 9.1 9.9

X2 0.012 0.012 0.005 9.1 10.0

X3 0.013 0.013 0.005 9.1 9.8

0.013 0.013 0.005 9.1 9.9

0.0008 0.0005 0.0005 0.0 0.1

0.002 0.001 0.001 0.1 0.2

0.004 0.006 9.0 9.2 9.7 10.1

X1 0.006 0.009 0.010 9.0 9.1

X2 0.011 0.011 0.010 8.9 9.2

X3 0.010 0.011 0.010 9.1 9.5

0.009 0.010 0.010 9.0 9.2

0.002 0.0009 0.000 0.1 0.2

0.004 0.002 0.000 0.2 0.3

0.010 8.8 9.2 8.9 9.5

X1 0.017 0.016 0.003 9.1 10.0

X2 0.020 0.019 0.003 9.2 10.1

X3 0.021 0.019 0.004 9.3 10.1

0.019 0.018 0.003 9.2 10.0

0.002 0.001 0.001 0.1 0.0

0.003 0.003 0.001 0.2 0.1

0.002 0.004 8.9 9.4 9.9 10.1

X1 0.020 0.019 0.007 9.2 9.5

X2 0.020 0.020 0.006 9.3 9.6

X3 0.019 0.019 0.007 9.4 9.8

0.020 0.019 0.007 9.3 9.6

0.000 0.000 0.0005 0.1 0.1

0.001 0.001 0.001 0.2 0.2

0.006 0.008 9.1 9.5 9.4 9.8

None
Run-No.1

pH
Type of

immobilization

Additionamount of
immbobilization agent

g g-dry soil

Shaking time
(day)

Total-Se concentration(mg/L)

0.021 0.031

1

7

0.021 0.033

Agnet 1
Run-No.2 0.017

1

0.011 0.015

7

0.006 0.014

Agent 2
Run-No.4 0.020

1

0.016 0.022

7

0.019 0.021
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-

0

0.01

0.02

0.03

None
(Run-No.1)

Agent 1
(Run-No.2)

Agent 2
(Run-No.4)

selenium(VI)

selenium(IV)

0.026

0.003

T-Se 0.029

T-Se 0.011

0.003

T-Se 0.021

0.016

0.008

0.005



-

-

-



12640 12650 12660 12670 12680
Photon Energy (eV) 

Soil sample in cell A
(Run-No.2, shaking time: 7 d)

Soil sample in cell A
(Run-No.2, shaking time: 1 d)

Soil sample in cell A
(Run-No.1, shaking time: 1 d)

12658 eV

12658 eV

12658 eV

12654 eV

12658 eV

Standard sample: Na2SeO3 (IV)

Standard sample: Na2SeO4 (VI)

12662 eV

Standard sample: Se (0)

Standard sample: FeSe (-II)

Immobilization agent 1 sample in cell B
(Run-No.2, shaking time: 7 d)

Immobilization agent 1 sample in cell B
(Run-No.3, shaking time: 7 d)

Immobilization agent 2 sample in cell B
(Run-No.4, shaking time: 7 d)

Immobilization agent 2 sample in cell B
(Run-No.5, shaking time: 7 d)

12658 eV

12658 eV

12658 eV

12658 eV

(a)

(b)

(c)

(d)

(e)

(f)

(g)

(h)

(i)

(j)

(k)
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