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Figure A.1 3 pH conditions under batch desorption experiments .
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Figure A.3 Lateritic soil samplings



APPENDIX B: COLUMN EXPERIMENT DATA FOR SINGLE METAL SYSTEMS

Table B.1 Observed, predicted and simulated breakthrou

lateritic soil under pH 4 with initial concentration 5.28 mmol L'

133

gh curves of Lead (Pb) transport through

Observed data Pb Predicted Fitted

Sample Pore Conc.(mM) C/CO Langmuir Linear Langmuir TSM
i volume C/Co C/CO C/Co C/CO
1 0.33 0.00 0.00 0.00 0.00 0.00 0.00
2 2.86 0.00 0.00 0.00 0.00 0.00 0.00
3 5.15 0.00 0.00 0.00 0.01 0.00 0.00
4 7.69 4.77 0.01 0.00 0.03 0.00 0.00
5 10.44 4.93 0.01 0.05 0.10 0.00 0.00
6 11.86 6.65 0.01 0.23 0.14 0.00 0.00
7 16.03 33.02 0.03 0.43 0.31 0.00 0.00
8 18.81 89.81 0.09 0.63 0.42 0.00 0.00
9 21.50 133.95 0.14 0.78 0.52 0.00 0.02
10 24.24 215.70 0.23 0.87 0.61 0.00 0.16
11 26.97 316.60 0.33 0.93 0.69 0.00 0.42
12 29.72 424.65 0.45 0.96 0.75 0.00 0.54
13 32.48 512.50 0.54 0.98 0.80 0.47 0.62
14 35.28 587.50 0.62 0.99 0.85 0.99 0.68
15 38.04 651.50 0.69 0.99 0.88 1.00 0.74
16 40.79 703.50 0.74 1.00 091 1.00 0.78
17 43.52 798.50 0.84 1.00 0.93 1.00 0.82
18 46.25 828.50 0.87 1.00 0.94 1.00 0.85
19 49.00 846.00 0.89 1.00 0.95 1.00 0.87
20 51.80 879.50 0.93 1.00 0.96 1.00 0.89
21 53.46 886.50 0.94 1.00 0.97 1.00 0.90
22 55.95 896.00 0.95 1.00 0.98 1.00 0.92
23 58.73 907.50 0.96 1.00 0.98 1.00 0.93
24 61.49 923.50 0.98 1.00 0.99 1.00 0.94
25 64.29 933.50 0.99 1.00 0.99 1.00 - 0.95
26 67.06 946.50 1.00 1.00 0.99 1.00 0.96
27 69.86 919.50 0.97 1.00 0.99 1.00 0.97
28 72.66 943.50 1.00 1.00 0.99 1.00 0.97
29 75.46 956.00 1.01 1.00 1.00 1.00 0.98
30 78.22 946.00 1.00 1.00 1.00 1.00 0.98
31 80.96 964.50 1.02 1.00 1.00 1.00 0.98
32 83.73 991.00 1.05 1.00 1.00 0.99 0.98
33 84.26 999.00 1.06 1.00 1.00 0.90 0.90
34 84.54 978.00 1.03 1.00 1.00 0.83 0.84
35 84.81 922.00 0.97 0.99 1.00 0.77 0.78
36 85.07 778.50 0.82 0.99 1.00 0.71 0.73
37 85.33 673.50 0.71 0.98 1.00 0.66 0.68
38 85.85 495.50 0.52 0.86 1.00 0.58 0.61
39 86.38 409.40 0.43 0.71 1.00 0.52 0.55
40 88.97 295.90 0.31 0.60 0.98 0.36 0.40
41 91.81 245.85 0.26 0.52 0.93 0.29 0.33
42 94.13 205.95 0.22 0.42 0.85 0.25 0.30
43 96.22 0.19 0.36 0.77 0.22 0.28

180.85
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Table B.2 Observed, predicted and simulated breakthrough curves of Zinc (Zn) transport through
lateritic soil under pH 4 with initial concentration 4.67 mmol/L

Observed data Zn Predicted Fitted

Sample Pore Conc.(mM) C/CO Langmuir Linear Langmuir TSM
# volume C/CO C/CO C/CO C/Co
1 0.00 0.00 0.00 0.00 0.02 0.00 0.00
2 3.11 0.08 0.02 0.00 0.03 0.00 0.00
3 4.06 0.09 0.02 0.00 0.07 0.00 0.00
4 7.45 0.43 0.09 0.02 0.33 0.00 0.00
5 10.88 1.24 0.27 0.16 0.58 0.00 0.24
6 13.17 1.99 0.43 0.34 0.71 0.42 0.48
7 16.90 2.52 0.54 0.66 0.83 0.99 0.61
8 20.06 3.01 0.64 0.83 0.89 1.00 0.68
9 23.84 3.50 0.75 0.93 0.93 1.00 0.73
10 27.01 3.76 0.80 0.97 0.95 1.00 0.77
11 33.90 3.85 0.82 0.99 0.96 1.00 0.84
12 38.51 437 0.94 1.00 0.96 1.00 0.87
13 41.67 4.29 0.92 1.00 0.96 1.00 0.89
14 47.72 433 0.93 1.00 0.97 1.00 0.92
15 51.28 428 0.92 1.00 0.97 1.00 0.93
16 54.34 442 0.95 1.00 0.97 1.00 0.94
17 58.00 4.46 0.96 1.00 0.97 1.00 0.95
18 61.04 4.40 0.94 1.00 0.97 1.00 0.96
19 64.54 4.39 0.94 1.00 0.97 1.00 0.97
20 67.45 4.58 0.98 1.00 0.97 1.00 0.97
21 73.79 443 0.95 1.00 0.97 1.00 0.98
22 78.00 438 0.94 1.00 0.97 1.00 0.98
23 79.06 431 0.92 1.00 0.96 0.94 0.92
24 79.58 4.29 0.92 0.99 0.96 0.83 0.81
25 80.10 4.11 0.88 0.98 0.95 0.73 0.71
26 80.62 3.07 0.66 0.96 0.94 0.65 0.63
27 81.13 2.30 0.49 0.94 0.92 0.58 0.57
28 81.89 2.07 0.44 0.89 0.88 0.51° 0.50
29 82.66 1.90 0.41 0.84 0.83 0.45 0.45
30 83.17 1.83 0.39 0.81 0.79 0.42 0.42
31 83.93 1.69 0.36 0.76 0.72 0.38 0.39
32 86.38 1:32 0.28 0.60 0.49 0.30 0.32
33 88.70 1.06 0.23 0.47 0.31 0.24 0.28
34 91.01 0.93 0.20 0.37 0.19 0.21 0.26
35 93.25 0.80 0.17 0.30 0.11 0.18 0.24
36 95.45 0.71 0.15 0.24 0.07 0.16 0.22
37 97.58 0.64 0.14 0.20 0.04 0.14 0.20
38 99.62 0.61 0.13 0.16 0.02 0.13 0.19
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Table B.3 Observed, predicted and simulated breakthrough curves of Nickel (Ni) transport through
lateritic soil under pH 4 with initial concentration 5.06 mmol/L

Observed data Ni Predicted Fitted

Sample Pore Conc.(mM) C/CO Langmuir Linear Langmuir TSM
# volume C/CO C/CO C/CO C/CO
1 0.28 0.00 0.00 0.00 0.01 0.00 0.00
2 0.55 0.05 0.01 0.00 0.03 0.00 0.00
3 0.83 0.25 0.05 0.00 0.12 0.00 0.01
4 1.11 0.45 0.09 0.00 0.15 0.00 0.01
5 1.39 0.58 0.11 0.00 0.22 0.00 0.04
6 1.66 0.78 0.15 0.00 0.25 0.00 0.06
i/ 1.94 1.22 0.24 0.00 0.43 0.00 0.24
8 222 1.99 0.39 0.00 0.68 0.01 0.50
9 2.50 2.36 0.47 0.00 0.77 0.50 0.58
10 2.77 3.38 0.67 0.00 0.89 0.99 0.71
11 3.05 4.11 0.81 0.00 0.95 1.00 0.79
12 3.33 4.61 0.91 0.00 0.97 1.00 0.85
13 3.61 4.58 0.91 0.00 0.99 1.00 0.90
14 3.88 4.76 0.94 0.00 0.99 1.00 0.93
15 4.16 4.80 0.95 0.00 1.00 1.00 0.96
16 4.44 4.95 0.98 0.00 1.00 1.00 0.97
17 4.71 4.96 0.98 0.00 1.00 1.00 0.98
18 4.99 4.92 0.97 0.00 1.00 1.00 0.98
19 5.27 4.98 0.98 0.00 1.00 1.00 0.99
20 5.55 5.07 1.00 0.00 1.00 1.00 0.99
21 5.82 4.72 0.93 0.00 1.00 1.00 0.99
22 6.10 4.90 0.97 0.00 1.00 0.91 0.80
23 - 6.38 4.10 0.81 0.01 0.99 0.68 0.60
24 6.66 2.57 0.51 0.01 0.98 0.58 0.52
25 6.93 2:12 0.42 0.01 0.95 0.51 0.47
26 7.21 1.59 0.31 0.02 0.87 0.44 041
27 7.49 0.88 0.17 0.02 0.54 0.30 0.32
28 7.76 0.62 0.12 0.03 0.28 0.23° 0.27
29 8.04 0.48 0.10 0.04 0.14 0.19 0.24
30 8.32 0.56 0.11 0.05 0.07 0.16 0.21
31 8.60 0.44 0.09 0.07 0.03 0.14 0.18
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Table B.4 Observed, predicted and simulated breakthrough curves of Mangnese (Mn) transport
through lateritic soil under pH 4 with initial concentration 4.87 mmol/L

Observed data Mn Predicted Fitted
Sample Pore Conc.(mM) C/COo Langmuir Linear Langmuir TSM
# volume C/Co C/CO C/Co C/Co
1 1.29 0.06 0.01 0.00 0.02 0.00 0.00
2 2.68 0.04 0.01 0.00 0.06 0.00 0.00
3 3.73 0.09 0.02 0.01 0.29 0.00 0.01
4 7.06 0.74 0.15 0.25 0.48 0.02 0.26
5 9:52 1.42 0.29 0.71 0.66 0.51 0.49
6 12.41 1.90 0.39 0.94 0.83 0.97 0.62
7 16.36 2.56 0.53 0.99 0.88 0.99 0.67
8 18.59 2.70 0.55 1.00 0.94 1.00 0.75
9 22.53 3.21 0.66 1.00 0.96 1.00 0.79
10 25.03 3.38 0.70 1.00 0.98 1.00 0.82
11 27.93 4.15 0.85 1.00 0.99 1.00 0.86
12 31.08 4.47 0.92 1.00 0.99 1.00 0.88
13 34.25 4.53 0.93 1.00 1.00 1.00 0.93
14 37.57 4.48 0.92 1.00 1.00 1.00 0.94
15 41.26 4.70 0.97 1.00 1.00 1.00 0.95
16 44.17 4.75 0.98 1.00 1.00 1.00 0.96
17 46.73 4.80 0.99 1.00 1.00 1.00 0.97
18 51.20 4.92 1.01 1.00 1.00 1.00 0.95
19 52.46 4.93 1.01 1.00 1.00 0.94 0.72
20 57.14 4.90 1.01 1.00 0.99 0.84 0.55
21 57.89 5.16 1.06 0.97 0.98 0.74 0.45
22 58.67 3.53 0.73 0.89 0.96 0.66 0.39
23" 59.44 2:12 0.43 0.80 0.70 0.41 0.28
24 60.21 1.62 0.33 0.71 0.53 0.34 0.25
25 63.26 1.07 0.22 0.40 0.31 0.27 0.22
26 65.35 0.85 0.18 0.30 0.19 0.22 0.20
27 68.64 0.67 0.14 0.21 0.11 0.18 0.19
28 71.19 0.57 0.12 0.15 0.06 0.16 0.17
29 74.18 0.49 0.10 0.11 0.03 0.13 0.16
30 76.93 0.44 0.09 0.08 0.02 0.12 0.15
31 79.36 0.41 0.08 0.06 0.00 0.00 0.00
32 81.31 0.37 0.08 0.04 0.00 0.00 0.00



Table B.5 Observed and simulated breakthrou
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gh curves of Lead (Pb) transport through lateritic soil

under pH 5 with initial concentration 5.05 mol/L
Observed data Pb Fitted

Sample Pore Conc.(mM) C/Co Linear Langmuir TSM
# volume C/Co C/CO C/CO
1 1.76 0.00 0.00 0.00 0.00 0.00
2 5.24 0.00 0.00 0.00 0.00 0.00
3 7.84 0.00 0.00 0.01 0.00 0.00
4 10.38 0.00 0.00 0.04 0.00 0.00
5 11.30 0.00 0.00 0.10 0.00 0.00
6 13.85 0.07 0.01 0.16 0.00 0.00
7 16.36 0.45 0.09 0.24 0.00 0.00
8 18.88 0.98 0.19 0.31 0.00 0.03
9 21.42 1.07 0.21 0.39 0.00 0.20
10 23.96 1.47 0.29 0.46 0.00 0.36
11 25.21 1.83 0.36 0.49 0.00 0.40
12 27.73 1.97 0.39 0.55 0.00 0.47
13 30.25 221 0.44 0.61 0.00 0.52
14 32.76 2.54 0.50 0.65 0.62 0.57
15 35.27 2.92 0.58 0.70 1.00 0.61
16 37.75 2.94 0.58 0.73 1.00 0.65
17 40.25 8:25 0.64 0.77 1.00 0.69
18 42.75 3.38 0.67 0.80 1.00 0.72
19 45.25 3.71 0.73 0.82 1.00 0.75
20 47.75 3.90 0.77 0.84 1.00 0.77
21 48.98 3.94 0.78 0.85 1.00 0.78
22 51.39 4.05 0.80 0.87 1.00 0.81
23 53.86 4.40 0.87 0.89 1.00 0.83
24 56.36 4.09 0.81 0.90 1.00 0.84
25 58.87 4.44 0.88 0.91 1.00 0.86
26 61.32 4.66 0.92 0.92 1.00 0.87
27 63.79 4.52 0.89 0.93 1.00 0.89
28 66.30 4.54 0.90 0.94 1.00 0.90
29 68.79 4.73 0.94 0.94 1.00 0.91
30 72.58 4.86 0.96 0.95 1.00 0.92
31 75.10 4.89 0.97 0.95 1.00 0.93
32 1737 4.73 0.94 0.96 1.00 0.94
33 80.17 491 0.97 0.96 1.00 0.94
34 82.72 4.89 0.97 0.96 1.00 0.95
35 85.24 4.90 0.97 0.97 1.00 0.95
36 87.78 5.04 1.00 0.97 1.00 0.96
37 90.32 5.09 1.01 0.97 1.00 0.96
38 92.82 5.58 1.11 0.97 1.00 0.97
39 93.33 5.59 1.11 0.97 1.00 0.97
40 93.84 5.61 1.11 0.97 1.00 0.97
41 94.10 5.60 1.11 0.97 1.00 0.97
42 94.36 5.42 1.07 0.97 0.99 0.96
43 94.89 4.60 0.91 0.97 0.85 0.84
44 95.41 3.72 0.74 0.97 0.68 0.69
45 95.93 3.07 0.61 0.97 0.57 0.58
46 96.71 2.55 0.50 0.96 0.47 0.48
47 98.02 2.13 0.42 0.95 0.37 0.39
48 99.31 1.82 0.36 0.94 0.31 0.34
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Table B.5 Observed and simulated breakthrough curves of Lead (Pb) transport through lateritic soil

under pH 5 with initial concentration 5.05 mol/L (Continued)

49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
)
73
74
75
76
77

101.94
104.44
107.25
109.55
112.11
114.67
117.23
121.08
123.61
126.16
128.68
131.20
133.73
136.25
138.78
141.27
144.96
147.40
149.84
152.25
154.64
156.99
159.32
161.59
163.80
164.02
169.26
173.45
175.51

1.40
1.12
0.97
0.87
0.79
0.75
0.72
0.69
0.68
0.68
0.65
0.64
0.64
0.62
0.59
0.60
0.55
0.56
0.56
0.54
0.52
0.50
0.48
0.47
0.43
0.39
0.39
0.35
0.33

0.28
0.22
0.19
0.17
0.16
0.15
0.14
0.14
0.13
0.13
0.13
0.13
0.13
0.12
0.12
0.12
0.11
0.11
0.11
0.11
0.10
0.10
0.09
0.09
0.09
0.08
0.08
0.07
0.07

0.89
0.82
0.74
0.67
0.60
0.53
0.47
0.38
0.33
0.29
0.25
0.22
0.19
0.16
0.14
0.12
0.10
0.08
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.02
0.02
0.01

0.25
0.21
0.18
0.17
0.15
0.14
0.13
0.12
0.11
0.11
0.10
0.10
0.10
0.09
0.09
0.09
0.08
0.08
0.08
0.07
0.07
0.07
0.07
0.07
0.07
0.07
0.06
0.06
0.06

0.28
0.25
0.23
0.22
0.21
0.20
0.19
0.18
0.18
0.17
0.16
0.16
0.15
0.15
0.15
0.14
0.14
0.13
0.13
0.13
0.12
0.12
0.12
0.11
0.11
0.11
0.11
0.10
0.10



Table B.6 Observed and simulated breakthrough curves of Lead (Pb) transport through lateritic soil

under pH 5 with initial concentration 5.01 mol/L (Duplicated Column)
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Observed data Pb Fitted

Sample Pore Conc.(mM) C/COo Linear Langmuir TSM
# volume C/Co C/Co C/CO
1 0.00 0.00 0.00 0.00 0.00 0.00
2 3.24 0.00 0.00 0.00 0.00 0.00
3 10.08 0.00 0.00 0.03 0.00 0.00
4 17.62 0.00 0.00 0.23 0.00 0.00
S 20.16 0.07 0.01 0.33 0.00 0.00
6 23.22 0.29 0.06 0.44 0.00 0.00
7 27.39 0.94 0.19 0.59 0.00 0.14
8 31.26 1.64 0.33 0.70 0.34 0.51
9 36.58 2.63 0.53 0.81 1.00 0.62
10 40.73 3.20 0.64 0.87 1.00 0.68
11 43.26 3.67 0.73 0.90 1.00 0.71
12 49.56 4.04 0.81 0.95 1.00 0.78
13 51.68 4.24 0.85 0.96 1.00 0.80
14 59.74 4.55 0.91 0.98 1.00 0.86
15 64.22 4.75 0.95 0.99 1.00 0.89
16 69.25 4.75 0.95 0.99 1.00 0.91
17 72.56 4.73 0.94 1.00 1.00 0.93
18 76.11 4.69 0.94 1.00 1.00 0.94
19 81.70 4.80 0.96 1.00 1.00 0.95
20 85.68 4.92 0.98 1.00 1.00 0.96
21 89.48 4.78 0.96 1.00 1.00 0.96
22 95.71 4.77 0.95 1.00 1.00 0.97
23 97.58 4.76 0.95 1.00 1.00 0.98
24 98.64 4.71 0.94 1.00 0.96 0.93
25 99.17 4.65 0.93 1.00 0.87 0.83
26 99.68 4.62 0.92 1.00 0.77 0.72
27 100.20 3.92 0.78 1.00 0.69 0.64
28 100.72 2.97 0.59 1.00 0.63 0.58
29 101.23 2.53 0.51 1.00 0.57 0.53
30 101.74 2.31 0.46 1.00 0.53 0.49
31 102.26 2.16 0.43 1.00 0.50 0.46
32 103.58 1.80 0.36 1.00 0.43 0.40
33 104.90 1.47 0.29 1.00 0.38 0.36
34 107.54 1.01 0.20 0.98 0.32 0.31
35 110.15 0.80 0.16 0.93 0.28 0.28
36 112.80 0.70 0.14 0.86 0.25 0.26
37 115.40 0.59 0.12 0.76 0.22 0.24
38 119.32 0.72 0.14 0.50 0.18 0.21
39 121.89 0.66 0.13 041 0.17 0.20
40 124.44 0.65 0.13 0.33 0.16 0.19
41 127.00 0.65 0.13 0.05 0.12 0.15
42 129.58 0.66 0.13 0.02 0.10 0.14
43 132.12 0.68 0.13 0.02 0.10 0.14
44 134.60 0.67 0.13 0.01 0.10 0.13
45 137.11 0.65 0.13 0.01 0.09 0.13
46 139.56 0.71 0.14 0.01 0.09 0.12
47 142.99 0.66 0.13 0.00 0.09 0.12
48 145.39 0.60 0.12 0.00 0.09 0.12
49 147.75 0.63 0.13 0.00 0.00 0.00



Table B.6 Observed and simulated breakthrough curves of Lead (Pb) transport through lateritic soil

under pH 5 with initial concentration 5.01 mol/L (Duplicated Column) (Continued)

50
51
52
53
54
55
56
57

150.05
152.32
154.52
156.63
158.69
160.62
162.74
164.66

0.62
0.54
0.48
0.44
0.40
0.33
0.30
0.26

0.12
0.11
0.10
0.09
0.08
0.07
0.06
0.05

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
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Table B.7 Observed and simulated breakthrough curves of Zinc (Zn) transport through lateritic soil
under pH 5 with initial concentration 4.61 mol/L

Observed data Zn Fitted

Sample Pore Conc.(mM) C/CO Linear Langmuir TSM
# volume C/CO C/CO C/CO
1 2.60 0.10 0.02 0.00 0.00 0.00
2 4.63 0.09 0.02 0.01 0.00 0.00
3 6.96 0.16 0.03 0.04 0.00 0.00
4 11.58 0.47 0.10 0.19 0.00 0.02
5 16.48 1.09 0.24 0.41 0.00 0.20
6 19.67 1.55 0.34 0.54 0.01 0.36
7 23.43 2.02 0.44 0.67 0.34 0.49
8 26.50 235 0.51 0.75 0.89 0.56
9 30.34 2741 0.60 0.82 0.99 0.64
10 33.55 3.00 0.65 0.87 1.00 0.69
11 8727 3.25 0.70 0.91 1.00 0.74
12 40.64 3.56 0.77 0.93 1.00 0.78
13 44.18 3.79 0.82 0.95 1.00 0.81
14 47.65 3.90 0.85 0.97 1.00 0.84
15 51.44 3.99 0.86 0.98 1.00 0.86
16 54.66 4.11 0.89 0.98 1.00 0.88
17 58.41 4.19 0.91 0.99 1.00 0.90
18 61.64 4.20 0.91 0.99 1.00 0.92
19 66.47 4.39 0.95 0.99 1.00 0.93
20 68.78 4.35 0.94 1.00 1.00 0.94
21 73.59 4.46 0.97 1.00 1.00 0.95
22 75.92 4.44 0.96 1.00 1.00 0.96
23 79.80 4.58 0.99 1.00 1.00 0.96
24 82.82 4.58 0.99 1.00 1.00 0.97
25 86.44 4.61 1.00 1.00 1.00 0.97
26 88.44 4.62 1.05 1.00 1.00 0.98
27 90.73 4.61 1.02 1.00 1.00 0.98
28 94.18 4.71 1.03 1.00 1.00 0.98
29 96.39 4.65 1.07 1.00 0.94 0.91
30 96.95 4.60 1.05 1.00 0.89 0.85
31 97.51 4.62 1.04 1.00 0.83 0.80
32 98.06 3.76 0.82 1.00 0.78 0.75
33 98.61 2,97 0.64 0.99 0.73 0.70
34 98.88 2.84 0.62 0.99 0.71 0.68
35 101.60 1.89 041 0.95 0.54 0.54
36 104.26 1.49 0.32 0.86 0.44 0.46
37 105.92 1.36 0.30 0.78 0.39 0.42
38 107.22 1.21 0.26 0.65 0.34 0.38
39 109.19 1.13 0.25 0.48 0.29 0.34
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Table B.8 Observed and simulated breakthrough curves of Nickel (Ni) transport through lateritic soil
under pH 5 with initial concentration 4.89 mol/L

Observed data Ni Fitted

Sample Pore Conc.(mM) C/CO Linear Langmuir TSM
# volume C/CO C/CO C/CO
1 2.40 0.00 0.00 0.00 0.00 0.00
2 2.67 0.00 0.00 0.00 0.00 0.00
3 430 0.00 0.00 0.03 0.00 0.00
4 4.57 0.00 0.00 0.03 0.00 0.00
5 10.69 0.65 0.05 0.37 0.00 0.00
6 13.08 0.80 0.19 0.52 0.00 0.00
7 15.52 0.95 0.29 0.65 0.00 0.02
8 18.35 1.14 0.38 0.77 0.37 0.38
9 21.87 1.36 0.46 0.86 1.00 0.53
10 24.82 1.55 0.52 0.91 1.00 0.58
11 28.13 1.77 0.58 0.95 1.00 0.62
12 31.04 1.96 0.65 0.97 1.00 0.65
13 33.84 2.15 0.68 0.98 1.00 0.68
14 37.10 237 0.72 0.99 1.00 0.71
15 40.34 2.59 0.75 0.99 1.00 0.74
16 43.08 2.78 0.78 1.00 1.00 0.76
17 46.35 3.00 0.80 1.00 1.00 0.79
18 49.11 3.19 0.79 1.00 1.00 0.80
19 53.10 3.46 0.84 1.00 1.00 0.83
20 54.98 3.59 0.84 1.00 1.00 0.84
21 58.97 3.87 0.85 1.00 1.00 0.86
22 60.94 4.00 0.88 1.00 1.00 0.87
23 64.18 4.24 0.88 1.00 1.00 0.88
24 66.81 4.42 0.86 1.00 1.00 0.89
25 70.63 4.68 0.91 1.00 1.00 0.90
26 72.61 4.82 0.92 1.00 1.00 0.91
27 79.32 5.30 0.94 1.00 1.00 0.93
28 85.01 5:71 1.00 1.00 1.00 0.94
29 89.71 6.05 1.02 1.00 1.00 0.95
30 90.32 6.09 1.01 1.00 0.77 0.73
31 90.80 6.13 0.76 1.00 0.65 0.61
32 91.05 6.14 0.60 1.00 0.60 0.57
33 91.28 6.16 0.60 1.00 0.56 0.53
34 92.22 6.23 0.40 0.98 0.45 0.43
35 92.68 6.26 0.36 0.97 0.41 0.39
36 93.38 6.31 0.29 0.95 0.37 0.35
37 93.85 6.35 0.29 0.92 0.35 0.33
38 94.55 6.40 0.24 0.89 0.32 0.31
39 96.90 6.57 0.19 0.72 0.25 0.25
40 99.19 6.74 0.16 0.54 0.21 0.22
41 101.45 6.91 0.14 0.39 0.19 0.21
42 103.66 7.08 0.13 0:27 0.17 0.19
43 105.88 725 0.12 0.19 0.15 0.18
44 108.07 7.42 0.11 0.13 0.14 0.17
45 110.23 7.59 0.11 0.08 0.13 0.16
46 113.49 7.85 0.10 0.05 0.11 0.16
47 115.62 8.02 0.10 0.03 0.11 0.15
48 117.77 8.19 0.10 0.02 0.10 0.15
49 119.87 8.36 0.09 0.01 0.10 0.14
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Table B.8 Observed and simulated breakthrough curves of Nickel (Ni) transport through lateritic soil
under pH 5 with initial concentration 4.89 mol/L (Continued)

50
51
52
36
37
38

121.93
123.88
125.51
93.38
93.85
94.55

8.53
8.70
8.85
6.31
6.35
6.40

0.08
0.08
0.08
0.29
0.29
0.24

0.01
0.01
0.00
0.95
0.92
0.89

0.09
0.09
0.00
0.37
0.35
0.32

0.14
0.13
0.00
0.35
0.33
0.31
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Table B.9 Observed and simulated breakthrough curves of Mangnese (Mn) transport through lateritic

soil under pH 5 with initial concentration 4.81 mol/L

Observed data Mn . Fitted
Sample Pore Conc.(mM) C/CO Linear Langmuir TSM
# volume C/CO C/CO C/CO
1 1.67 0.00 0.00 0.00 0.00 0.00
2 2.78 0.00 0.00 0.03 0.00 0.00
3 5:57 0.04 0.01 0.18 0.00 0.03
4 6.12 0.59 0.12 0.22 0.00 0.05
5 6.97 1.04 0.22 0.28 0.00 0.11
6 8.36 1.17 0.24 0.39 0.00 0.24
¥ 9.77 1.39 0.29 0.48 0.00 0.36
8 12.57 1.96 0.41 0.65 0.21 0.50
9 13.98 2.22 0.46 0.71 0.61 0.54
10 16.79 2.56 0.53 0.81 0.95 0.61
11 19.56 3.14 0.65 0.87 0.99 0.66
12 22.37 3.45 0.72 0.91 1.00 0.71
13 25.15 3.57 0.74 0.94 1.00 0.75
14 29.21 3.96 0.82 0.97 1.00 0.81
15 31.95 4.05 0.84 0.98 1.00 0.83
16 34.69 4.20 0.87 0.99 1.00 0.86
17 37.46 4.25 0.88 0.99 1.00 0.88
18 40.19 437 0.91 0.99 1.00 0.90
19 42.98 4.53 0.94 1.00 1.00 0.91
20 45.78 4.54 0.94 1.00 1.00 0.92
21 48.62 4.62 0.96 1.00 1.00 0.94
22 51.47 4.69 0.97 1.00 1.00 0.94
23 55.63 4.51 0.94 1.00 1.00 0.96
24 58.43 4.51 0.94 1.00 1.00 0.96
25 61.24 4.69 0.98 1.00 1.00 0.97
26 64.06 4.62 0.96 1.00 1.00 0.97
27 66.85 4.66 0.97 1.00 1.00 0.98
28 69.66 4.71 0.98 1.00 1.00 0.98
29 72.45 4.69 0.98 1.00 1.00 0.98
30 75.26 4.73 0.98 1.00 1.00 0.99
31 7777 4.64 0.96 1.00 1.00 0.99
32 78.32 4.66 0.97 1.00 1.00 0.99
33 80.77 4.62 0.96 0.99 0.78 0.69
34 81.31 3.42 0.71 0.98 0.70 0.61
35 82.13 2.19 0.46 0.95 0.60 0.52
36 83.49 1.58 0.33 0.88 0.49 0.44
37 84.85 1.25 0.26 0.79 0.42 0.38
38 87.56 0.91 0.19 0.58 0.32 0.32
39 90.28 0.72 0.15 0.40 0.27 0.29
40 93.00 0.61 0.13 0.27 0.23 0.26
41 95.71 0.54 0.11 0.18 0.20 0.24
42 98.33 0.50 0.10 0.12 0.17 0.23
43 100.79 0.44 0.09 0.08 0.15 0.21
44 103.00 041 0.09 0.05 0.14 0.20
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Table B.10 Observed, predicted and simulated breakthrough curves of Nickel (Ni) transport through
lateritic soil under pH 4 with initial concentration 5.28 mmol/L

Observed data Pb Predicted Fitted
Sample Pore Conc.(mM) C/CO Langmuir Linear Langmuir TSM
# volume C/CO C/CO C/CO C/CO
1 0.00 0.00 0.00 0.00 0.01 0.00 0.00
2 1.60 0.01 0.00 0.00 0.02 0.00 0.00
3 291 0.16 0.03 0.00 0.08 0.00 0.01
4 5.22 0.88 0.17 0.00 0.28 0.01 0.12
5 8.20 2.18 0.41 0.08 0.53 0.22 0.42
6 9.68 2.57 0.49 0.24 0.64 0.53 0.54
7 10.61 2.94 0.56 0.40 0.71 0.71 0.60
8 13.30 3.68 0.70 0.77 0.83 0.94 0.72
9 14.51 4.00 0.76 0.87 0.87 0.97 0.76
10 18.97 4.52 0.86 0.98 0.95 1.00 0.87
11 21.65 4.53 0.86 0.99 0.97 1.00 0.91
12 24.55 5.1S 0.97 1.00 0.99 1.00 0.94
13 26.87 5.27 1.00 1.00 0.99 1.00 0.96
14 29.35 5.28 1.00 1.00 1.00 1.00 0.97
15 31.30 5.32 1.01 1.00 1.00 1.00 0.98
16 33.4i1 5.40 1.02 1.00 1.00 1.00 0.99
17 35.70 5.45 1.03 1.00 1.00 1.00 0.99
18 37.48 5.49 1.04 1.00 1.00 1.00 0.99
19 39.03 5.50 1.04 1.00 1.00 1.00 1.00
20 43.20 5.52 1.04 1.00 1.00 1.00 1.00
21 45.52 5.48 1.04 1.00 1.00 1.00 1.00
22 46.60 5.49 1.04 1.00 1.00 1.00 1.00
23 49.03 5.48 1.04 1.00 1.00 1.00 1.00
24 49.36 591 1.12 1.00 1.00 1.00 1.00
25° 49.82 5.98 1.13 1.00 1.00 0.99 0.94
26 50.29 4.70 0.89 0.99 0.99 0.93 0.81
27 50.91 3.34 0.63 0.94 0.95 0.82 0.66
28 52.45 1.95 0.37 0.70 0.77 0.58 0.47
29 53.15 1.67 0.32 0.61 0.65 0.49 0.42
30 54.63 1.37 0.26 0.46 0.43 0.37 0.35
31 57.76 1.02 0.19 0.28 0.15 0.22 0.25
32 59.48 0.94 0.18 0.22 0.08 0.17 0.22
33 60.95 0.86 0.16 0.18 0.04 0.14 0.19
34 62.89 0.88 0.17 0.14 0.02 0.11 0.16
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APPENDIX D r-test results for the average SSEs obtaining from the chemical
nonequilibrium two-site model and convection-dispersion model with Langmuir

model of single metal, binary, and multi-metal systems

Table D.1 -test for SSE of single metal system at pH 4

Test Value = 0.139
95% Confidence
Interval of the
Difference
Mean
t df Slg (2—ta11ed) Difference Lower Upper
EQUIL | -11.689 4 .000 -.0984 -.1218 -.0750
Table D.2 1 test for SSE of single metal system at pH 5
Test Value = 0.0408
i ! 95% Confidence
f Interval of the
‘ | Difference
Mean
t df | Sig.(2-ailed) | Difference | Lower | Upper
EQUIL 5.046 4 ! .007 ‘ .1398 0629 ' 2167
2+ . TR T
Table D.3 r-test for SSE of Pb*" in Pb*" -Ni** system
Test Value =0.03075
95% Confidence
Interval of the
Difference
Mean
t df Sig. (2-tailed) Difference Lower Upper
EQUIL 7.078 3 .006 .0843 0464 | 1221
Table D.4 r-test for SSE of Ni** in Pb** -Ni?* system
Test Value = 0.035
95% Confidence
Interval of the
Difference
Mean
t df Sig. (2-tailed) | Difference Lower Upper
EQUIL 5.800 3 .010 .0725 .0327 1123




Table D.5 t-test for SSE of Pb>* in Pb** -Zn?* system

Test Value = 0.046

95% Confidence
Interval of the
Difference
Mean
t df Sig. (2-tailed) | Difference Lower Upper
EQUIL 3.963 3 .029 .0815 .0161 .1469
Table D.6 r-test for SSE of Zn** in Pb2* -Zn2* system
Test Value = 0.04
95% Confidence
| Interval of the
; Difference
j | Mean
t | df Slg (2-tailed) | Difference Lower Upper
EQUIL | 3.806 3 032 .0325 .0053 0597
Table D.7 r-test for SSE of Pb** in Pb?* - Mn®" system
Test Value = 0.03933
i 95% Confidence
‘ Interval of the
| Difference
Mean |
t df Sig. (2-tailed)  Difference | [Lower Upper
EQUIL | 12.240 2 .007 0707 0458 | 0955
Table D.8 t-test for SSE of Mn** in Pb?* - Mn®* system
Test Value = 0.0333
| 95% Confidence
‘ Interval of the
j Difference
\ Mean
t df Sig. (2-tailed) ‘ Difference Lower Upper
EQUIL | 5673 2 030 | .0500 0121 .0880
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Table D.9 r-test for SSE of multi-metal system

171

Test Value = 0.04

} 95% Confidence
J Interval of the
} Difference
» Mean
t df | Sig. (-tailed) | Difference | Lower Uhoer
EQUIL 5.166 3 | .014 .0325 0125 .0525
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