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Appendix A1l : Cd treated with actual leachate in sorption experiment

Sample No. Soil weight (g) Cinitial (mg/l)  C equilibrium (mg/l) adsorption equilibrium (mg/g)
KBS-1
1 1.0003 0.1015 0.0220 0.0024
2 1.0007 0.1015 0.0495 0.0016
3 1.0001 0.1950 0.1220 0.0022
4 1.0001 0.1950 0.1120 0.0025
5 1.0003 0.4820 0.1945 0.0086
6 1.0003 0.4820 0.1958 0.0086
7 1.0007 0.9550 0.3595 0.0179
8 1.0006 0.9550 0.3645 0.0177
9 1.0001 1.8775 0.8245 0.0316
10 1.0002 1.8775 0.7833 0.0328
I 1.0005 49370 2.1995 0.0821
12 1.0001 4.9370 2.1495 0.0836
13 1.0000 9.8395 4.1945 0.169%4
14 1.0000 9.8395 4.0945 0.1724
KBS-2
15 1.0009 0.1015 0.0365 0.0019
16 1.0003 0.1015 0.0670 0.0010
17 1.0007 0.1950 0.0895 0.0032
18 1.0003 0.1950 0.1358 0.0018
19 1.0009 0.4820 0.2645 0.0065
20 1.0003 0.4820 0.2733 0.0063
21 1.0008 0.9350 0.4745 0.0144
22 1.0005 0.9350 0.5233 0.0129
23 1.0006 1.8775 1.2945 00175
24 1.0007 1.8775 1.2320 0.0194
25 1.0002 4.9370 35445 0.0418
26 1.0003 49370 3.6045 0.0400
27 1.0008 9.8395 7.5345 0.0691
28 1.0002 9.8395 7.4845 0.0706
KBS-3
29 1.0003 0.1015 0.0745 0.0008
30 1.0008 0.1015 0.0633 0.0011
31 1.0004 0.1950 0.1283 0.0020
32 1.0002 0.1950 0.1183 0.0023
33 1.0002 0.4820 0.2583 0.0067
34 1.0001 0.4820 0.2683 0.0064
35 1.0008 0.9550 0.4695 0.0146
36 1.0008 0.9550 0.4695 0.0146
37 1.0006 1.8775 1.1820 0.0209
38 1.0003 1.8775 1.2070 0.0201
39 1.0001 4.9370 3.3945 0.0463
40 1.0005 4.9370 3.4945 0.0433
41 1.0008 9.8395 72045 0.0790

42 1.0001 9.8395 7.0145 0.0847
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Appendix A2: Cr treated with actual leachate in sorption experiment
Sample No. Soil weight (g) C initial (mg/l) C equilibrium (mg/1) adsorption equilibrium (mg/g)

KBS-1
1 1.0007 0.1600 1.8214 -0.0498
2 1.0008 0.1600 -0.4999 0.0198
3 1.0010 0.3300 -0.2906 0.0186
4 1.0005 0.3300 -0.2531 0.0175
5 1.0005 0.8400 2.8494 -0.0603
6 1.0002 0.8400 0.159%4 0.0204
7 1.0010 1.7800 0.7219 0.0317
8 1.0003 1.7800 0.4569 0.0397
9 1.0008 4.2000 1.7969 0.0720
10 1.0001 4.2000 1.5089 0.0807
11 1.0010 10.1600 6.2644 0.1168
12 1.0010 10,1600 5.9594 0.1259
13 1.0004 20.1600 14.6894 0.1641
14 1.0005 20.1600 14.6894 0.1640
KBS-2
15 1.0011 0.1600 1.5454 -0.0415
16 1.0007 0.1600 -0.1656 0.0098
17 1.0004 0.3300 -0.2356 0.0170
18 1.0011 0.3300 0.1094 0.0066
19 1.0011 0.8400 0.5894 0.0075
20 1.0002 0.8400 05119 0.0098
21 1.0005 1.7800 1.4294 0.0105
22 . 10004 1.7800 1.1319 0.0194
23 1.0000 4.2000 2.8994 0.0390
24 1.0009 4.2000 31844 0.0304
25 1.0009 10.1600 8.9044 0.0376
26 1.0004 10.1600 8.3694 0.0537
27 1.0007 20.1600 18.4594 0.0510
28 1.0006 20.1600 18.5394 0.0486
KBS-3
29 1.0005 0.1600 -0.1681 0.0098
30 1.0001 0.1600 -0.1006 0.0078
31 1.0010 0.3300 0.0719 0.0077
32 1.0003 0.3300 0.0519 0.0083
33 1.0005 0.8400 0.5269 0.0094
34 1.0007 0.8400 0.3794 0.0138
35 1.0011 1.7800 1.2244 0.0166
36 1.0005 1.7800 1.2994 0.0144
37 1.0001 4.2000 2.9494 0.0375
38 1.0009 4.2000 29394 0.0378
39 1.0010 10.1600 8.2969 0.0558
40 1.0011 10.1600 8.4794 0.0504
41 1.0010 20.1600 18.3394 0.0546

42 1.0000 20.1600 18.2694 0.0567
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Appendix A3: Cu treated with actual leachate in sorption experiment

Sample No. Soil weight (g) Cinitial (mg/l)  C equilibrium (mg/l)  adsorption equilibrium (mg/g)
KBS-1
1 1.0012 0.0720 0.0128 0.0018
2 1.0006 0.0720 - 0.0022
3 1.0001 1.0480 0.1053 0.0283
4 1.0005 1.0480 0.1078 0.0282
5 1.0012 0.4910 0.0190 0.0141
6 1.0010 0.4910 0.2778 0.0064
7 1.0012 1.0150 0.7765 0.0071
8 1.0011 1.0150 0.7653 0.0075
9 1.0004 2.0809 1.5778 0.0151
10 1.0003 2.0809 1.5328 0.0164
11 1.0013 5.1590 2.6790 0.0743
12 1.0003 5.1590 3.4665 0.0508
13 1.0004 10.1490 6.9040 0.0973
14 1.0001 10.1490 7.3340 0.0844
15 1.0008 20.8840 14.3940 0.1945
16 1.0006 20.8840 14.5340 0.1904
17 1.0006 52.7840 350040 0.5331
18 1.0001 52.7840 33.8440 0.5681
19 1.0008 97.7840 59.0840 1.1601
20 1.0004 97.7840 58.2040 1.1869
KBS-2
21 1.0009 0.0720 0.0078 0.0019
22 1.0003 0.0720 0.0078 0.0019
23 1.0003 1.0480 0.0740 0.0292
24 1.0012 1.0480 0.0578 0.0297
25 1.0012 0.4910 0.3215 0.0051
26 1.0012 0.4910 0.3415 0.0045
27 1.0006 1.0150 0.6890 0.0098
28 1.0010 1.0150 0.8253 0.0057
29 1.0009 2.0809 1.8790 0.0061
30 1.0007 2.0809 1.8715 0.0063
31 1.0003 5.1590 4.7790 0.0114
32 1.0012 5.1590 4.5690 0.0177
33 1.0003 10.1490 9.2340 0.0274
34 1.0009 10.1490 9.23%0 0.0273
15 1.0008 20.8840 18.7640 0.0635
36 1.0008 20.8840 19.4040 0.0444
37 1.0011 52.7840 48.1640 0.1384
38 1.0002 52.7840 48.1040 0.1404
39 1.0002 97.7840 87.8640 0.2975
40 10011 97.7840 87.8640 0.2973
KBS-3
41 1.0004 0.0720 0.1928 -0.0036
42 1.0009 0.0720 0.1215 -0.0015
43 1.0003 1.0480 0.2353 0.0244
44 1.0005 1.0480 0.1378 0.0273
45 1.0012 0.4910 0.4678 0.0007
46 1.0008 0.4910 04703 0.0006
47 1.0011 1.0150 0.9953 0.0006
48 1.0008 1.0150 0.9965 0.0006
49 1.0008 2.0809 1.9865 0.0028
50 1.0004 2.0809 1.8928 0.0056
51 1.0006 5.1590 44140 0.0223
52 1.0003 5.1590 4.7915 0.0110
53 1.0009 10.1490 9.1690 0.0294
54 1.0010 10.1490 8.6140 0.0460
55 1.0001 20.8840 18.3540 0.0759
56 1.0000 20.8840 18.8440 0.0612
57 1.0005 52.7840 45.8840 0.2069
58 1.0003 52.7840 45.8640 0.2075
59 1.0006 97.7840 83.9840 0.4138

60 1.0001 97.7840 83.9840 04140
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Appendix A4: Cu treated with actual leachate in sorption experiment
Sample No. Soil weight (g2)  Cinitial (mg/l)  C equilibrium (mg/1) adsorption equilibrium (mg/g)

KBS-1
101 1.0001 -0.1130 -0.0755 0.0000
102 1.0003 0.0558 -0.0810 0.0000
103 1.0007 0.2783 -0.0418 0.0000
104 1.0003 0.6845 0.0345 0.0000
105 1.0006 1.5370 0.0845 0.0435
106 0.9999 4.7870 0.7145 0.1222
107 1.0004 10.7570 1.4320 0.2796
108 1.0005 222670 3.2570 0.5700

KBS-2
201 1.0004 -0.1130 -0.1130 0.0000
202 1.0006 0.0558 -0.1120 0.0000
203 1.0008 0.2783 0.0090 0.0081
204 1.0005 0.6845 0.1590 0.0158
205 1.0002 1.5370 0.3045 0.0370
206 1.0007 4.7870 1.9420 0.0853
207 1.0005 10,7570 4.2195 0.1960
208 1.0000 22.2670 9.0870 0.3954

KBS-3
301 1.0002 -0.1130 -0.1040 0.0000
302 1.0008 0.0558 -0.0730 0.0000
303 1.0007 02783 0.0450 0.0070
304 1.0005 0.6845 0.3390 0.0104
305 1.0002 1.5370 0.2695 0.0380
306 1.0000 4.7870 1.9945 0.0838
307 1.0003 10.7570 4.1110 0.1993

308 1.0007 22.2670 7.0670 0.4557
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Appendix AS5: Cu treated with actual leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/1) C equilibrium (mg/l) adsorption equilibrium (mg/g)
KBS-1
1 1.0006 0.1100 - 0.0033
2 1.0007 0.1100 - 0.0033
3 1.0005 0.1700 - 0.0051
4 1.0000 0.1700 - 0.0051
5 1.0010 0.5300 0.0268 0.0151
6 1.0005 0.5300 0.0268 0.0151
7 1.0006 1.2300 0.2000 0.0309
8 1.0012 1.2300 0.2950 0.0280
9 1.0000 2.0500 0.5970 0.0436
10 1.0007 2.0500 0.5255 0.0457
1 1.0002 5.6400 1.3075 0.1299
12 1.0003 5.6400 1.2935 0.1304
12 1.0004 10.5700 - 0.3170
14 1.0007 10.5700 - 0.3169
15 1.0001 19.8600 5.3815 -
16 1.0004 19.8600 52115 -
KBS-2
21 1.0004 0.1100 - 0.0033
2 1.0008 0.1100 - 0.0033
n 1.0008 0.1700 - 0.0051
24 1.0010 0.1700 - 0.0051
25 1.0011 0.5300 0.2923 0.0071
26 1.0006 0.5300 0.3345 0.0059
27 1.0012 1.2300 0.7918 0.0131
28 1.0001 1.2300 0.6560 0.0172
29 1.0010 2.0500 1.4455 0.0181
30 1.0002 2.0500 1.2690 00234
3l 1.0012 5.6400 3.8105 0.0548
12 1.0007 5.6400 7.71935 -0.0623
3 1.0004 10.5700 7.5055 0.0919
34 1.0012 10,5700 14.7115 -0.1241
35 1.0001 19.8600 13.9235 0.1781
36 1.0007 19.8600 14.1055 0.1725
KBS-3
41 1.0003 0.1100 0.1213 -
42 1.0004 0.1100 0.1153 -
43 1.0003 0.1700 0.1773 -
44 1.0000 0.1700 0.2104 -
45 1.0006 0.5300 0.4120 0.0035
46 1.0001 0.5300 0.4583 0.0022
47 1.0004 1.2300 0.7338 0.0149
48 1.0007 1.2300 0.7338 0.0149
49 1.0011 2.0500 1.6925 0.0107
50 1.0000 2.0500 1.7100 0.0102
51 1.0008 5.6400 4.0485 0.0477
52 1.0009 5.6400 3.8355 0.0541
53 1.0007 10.5700 33725 0.2158
54 1.0006 10.5700 6.9815 0.1076
55 1.0008 19.8600 13.4695 0.1916

56 1.0010 19.8600 13.6235 0.1869
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Appendix A6: Zn treated with synthetic leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/) C equilibrium (mg/) Adsorption equilibrium (mg/g)
KBS-1
1 1.0006 0.1180 0.0030 0.0034
2 1.0010 0.1180 0.0073 0.0033
3 1.0011 0.2428 0.0159 0.0068
4 1.0007 0.2428 0.0159 0.0068
5 1.0003 0.2756 0.0130 0.0079
6 1.0001 0.2756 0.0211 0.0076
7 1.0008 1.1148 0.0173 0.0329
8 1.0007 1.1148 0.0214 0.0328
9 0.9999 1.9488 0.0426 0.0571
10 1.0003 1.9488 0.0418 0.0572
11 1.0010 5.8270 0.0200 0.1742
12 1.0007 5.8270 0.0540 0.1730
13 1.0004 8.6990 0.0970 0.2579
14 1.0003 8.6990 0.0800 0.2585
15 1.0008 20.5450 L2180 0.6096
14 1.0011 20.5430 01100 0.6126
17 1.0008 73.9140 28260 2.1003
13 1.0007 739140 33580 21150
19 1.0008 151.5800 216400 3.8955
20 1.0000 151.5800 21,9500 18849
KBS-2
21 1.0003 0.1180 0.0076 0.0033
n 1.0009 0.1180 0.0289 0.0027
n 1.0011 0.2428 0.0191 0.0067
24 1.0007 0.2428 0.0341 0.0063
a3 1.0004 0.2756 0.0510 0.0067
26 1.0007 0.2756 0.0416 0.0070
27 1.0003 11148 01113 0.0301
28 1.0000 1.1148 0.0933 0.0306
29 1.0003 1.9488 0.2993 0.0495
RUJ 1.0005 1.9488 0.2949 0.0496
1 1.0008 5.8270 12110 0.1384
X 1.0005 5.8270 11840 0.1389
n 1.0008 8.6990 18460 0.1435
34 1.0010 8.6990 35310 0.1549
a5 1.0006 20.5450 9.5200 0.3304
20 1.0001 20.5450 10.0240 0.2154
T 1.0007 73.9140 44.5800 0.8799
RH] 1.0003 73.9140 51.1320 0.6830
19 1.0005 151.5800 116.8860 1.0405
40 1.0005 151.5800 115.4780 1.0825
KBS-3
41 1.0008 0.1180 0.0294 0.0027
42 1.0001 0.1180 0.0266 0.0027
43 0.9999 0.2428 0.0378 0.0062
44 1.0006 0.2428 0.0374 0.0062
45 1.0002 0.2756 0.0371 0.0071
46 1.0003 0.2756 0.0540 0.0066
47 1.0001 1.1148 0.1105 0.0301
43 1.0002 1.1148 0.0891 0.0308
49 1.0002 1.9488 0.2183 0.0519
50 1.0000 1.9488 02371 0.0513
51 1.0006 5.8270 1.0910 0.1421
52 1.0003 5.8270 0.8080 0.1505
53 1.0011 8.6990 31160 0.1674
54 1.0012 8.6990 2.6700 0.1807
55 1.0007 20.5450 7.4120 0.3935
56 1.0005 20.5450 7.3020 0.3970

57 0.9999 73.9140 37.7640 1.0840



Appendix A6: continued

Sample No.

KBS-3
58
59
60

Soil weight (g) C initial (mg/) C equilibrium (mg/) Adsorption equilibrium (mg/g)
1.0001 73.9140 35.8320 1.1426
1.0012 151.5800 102.3660 1.4763
1.0005 151.5800 99.0880 1.5729

Appendix A7: Cd treated with synthetic leachate in sorption experiment

Sample No.
KBS-1
10009
10010
10011
10012
10013
10014
10015
10016
KBS-2
20009
20010
20011
20012
20013
20014
20015
20016
KBS-3
30009
30010
30011
30012
30013
30014
30015
30016

Soil weight (g) C initial (mg;"l;,l C equilibrium (mg/1) Adsorption equilibrium (mg/g)

0.9998 0.0920 0.0000 0.0028
1.0001 0.1940 0.0000 0.0058
0.9999 0.4420 0.0160 0.0128
0.9998 0.9000 0.0460 0.0256
0.9994 1.9300 0.1850 0.0524
0.9994 10.0300 0.9475 0.2726
0.9993 10.7700 1.0550 0.2917
1.0006 20.3200 3.0600 0.5175
1.0004 0.0920 0.0064 0.0026
1.0006 0.1940 0.0120 0.0055
1.0000 0.4420 0.1090 0.0100
1.0000 0.5000 0.2900 0.0183
0.9995 1.9300 0.8088 0.0337
0.9999 10.0300 = -

1.0009 10.7700 5.7350 0.1509
0.9994 20.3200 13,4500 0.2062
0.9997 0.0920 0.0000 0.0028
0.9996 0.1940 0.0060 0.0056
1.0006 0.4420 0.0690 0.0112
1.0005 0.9000 0.2090 0.0207
0.9993 1.9300 0.4938 0.0431
1.0005 10.0300 - -

1.0009 10.7700 39550 0.2043

1.0001 20.3200 10.8500 0.2841
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Appendix A8: Cr treated with synthetic leachate in sorption experiment

C equilibrium Adsorption equilibrium

Sample No. Soil weight (g) C initial (mg/1) (mg/l) (mg/g)
KBS-1
10017 1.0008 0.0000 0.0000 0.0000
10018 1.0003 0.0000 0.0000 0.0000
10019 1.0008 0.2125 0.2387 0.0000
10020 1.0004 0.7915 0.7499 0.0012
10021 1.0004 1.6288 1.5650 0.0018
10022 0.9996 8.6450 4.5025 0.1243
10023 1.0002 23.2250 9.1100 0.4234
10024 0.9993 80.9500 23.8350 1.7147
KBS-2
20017 1.0005 0.0000 0.0000 0.0000
20018 0.9995 0.0000 0.0000 0.0000
20019 0.9992 02125 0.1843 0.0008
20020 0.9992 0.7915 0.4994 0.0088
20021 0.9991 1.6288 1.4930 0.0041
20022 0.999%6 8.6450 44725 0.1252
20023 1.0001 23.2250 10.0975 0.3938
20024 0.9995 80.9500 24.6100 1.6910
KBS-3
30017 0.9998 0.0000 0.0000 0.0000
30018 0.9994 0.0000 0.0000 0.0000
30019 0.9996 0.2125 0.1358 0.0023
30020 0.9999 0.7915 0.6096 0.0055
30021 0.9992 1.6288 1.2740 0.0107
30022 0.9999 8.6450 3.4650 0.1554
30023 1.0007 23.2250 9.7725 0.4033

30024 1.0009 80.9500 24.2500 1.6995
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Appendix A9: Cr treated with synthetic leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/) C equilibrium (mg/) Adsorption equilibrium (mg/g)
KBS-1
1 0.9999 0.0469 0.0000 -
2 1.0010 0.0469 0.0000 -
3 1.0006 0.1588 0.0113 0.0044
4 1.0003 0.1588 0.0113 0.0044
5 1.0009 0.4731 0.0800 0.0118
6 1.0000 0.4731 0.1025 0.0111
7 1.0002 0.9600 0.2250 0.0220
8 0.9998 0.9600 0.2050 0.0227
9 1.0001 1.9975 0.7200 0.0383
10 1.0005 1.9975 0.6563 0.0402
11 1.0006 5.4400 1.8300 0.1082
12 1.0013 5.4400 1.9450 0.1047
13 1.0005 10.6725 4.5600 0.1833
14 1.0000 10.6725 4.5100 0.1849
15 1.0002 22.0900 10.2800 0.3542
16 1.0006 22.0900 10.3300 0.3511
1 1.0013 56.4700 33400 0.6900
18 1.0000 56.4700 33.9200 0.6765
19 1.0012 103.5100 £4.4200 0.5720
20 0.9998 103.5100 §4.3400 0.5752
KBS-2
21 1.0008 0.0469 00463 0.0000
22 1.0007 0.0469 0.0163 0.0009
n 1.0011 0.1588 0.0950 0.0019
24 0.9999 0.1588 0.0750 0.0025
25 1.0010 0.4731 0.3238 0.0045
26 1.0008 0.4731 0.2963 0.0053
e 1.0003 0.9600 0.7650 0.0058
8 1.0007 0.9600 0.5950 0.0109
29 1.0005 1.9975 1 7063 0.0087
Rl 1.0012 1.9975 1.5650 0.0130
3l 1.0008 5.4400 4.5250 0.0274
1 1.0010 5.4400 4.6100 0.0249
az 1.0004 10.6725 83930 0.0683
RE} 0.9999 10.6725 91300 0.0463
s 1.0001 22.0900 19.5200 0.0771
lo 1.0011 22.0900 19.3800 0.0812
37 0.9999 56.4700 51.9000 0.13271
a8 1.0009 36.4700 51.5600 0.1472
39 1.0006 103.5100 99.7800 0.1118
40 1.0004 103.5100 100.5800 0.0879
KBS-3
41 1.0007 0.0469 0.0713 -
42 1.0001 0.0469 0.0450 -
42 1.0004 0.1588 0.1063 0.0016
44 1.0011 0.1588 0.1113 0.0014
45 1.0008 04731 0.3063 0.0050
46 1.0004 0.4731 0.3150 0.0047
47 1.0000 0.9600 0.6563 0.0091
48 1.0008 0.9600 0.6363 0.0097
49 1.0002 1.9975 1.5650 0.0130
50 1.0002 1.9975 1.4888 0.0153
51 1.0001 5.4400 4.2150 0.0367
52 1.0003 5.4400 4.0800 0.0408
53 1.0008 10.6725 8.9600 0.0513
54 1.0010 10.6725 8.6350 0.0611
55 1.0005 22.0900 18.1600 0.1178
56 1.0012 22.0900 18.4200 0.1100
57 1.0001 56.4700 49.7800 0.2007
58 1.0009 56.4700 50.1800 0.1885
59 1.0007 103.5100 100.2200 0.0986

60 1.0002 103.5100 99.3000 0.1263
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Appendix A10: Pb treated with synthetic leachate in sorption experiment

Sample No. Soil weight (g)  Cinitial (mg/l)  C equilibrium (mg/l)  Adsorption equilibrium (mg/g)

KBS-1

10001 0.9995 0.0970 0.0000 0.0029
10002 1.0003 0.1610 0.0090 0.0046
10003 1.0006 0.3380 0.0070 0.0099
10004 1.0009 0.7700 0.0190 0.0225
10005 0.9999 1.4538 0.0210 0.0430
10006 0.9998 36188 0.0000 0.1086
10007 1.0010 10.7700 0.0000 0.3228
10008 0.9994 20.3200 0.0000 0.6100
KBS-2

20001 1.0003 0.0970 0.0000 0.0029
20002 1.0000 0.1610 0.0000 0.0048
20003 1.0001 0.3380 0.0000 0.0101
20004 1.0004 0.7700 0.0000 0.0231
20005 0.9995 14338 0.0020 0.0436
20006 1.0000 36188 0.0650 0.1066
20007 0.9999 10.7700 - -
20008 0.99% 20.3200 0.3000 0.6008
KBS-3

30001 0.9997 0.0970 0.0180 0.0024
30002 1.0003 0.1610 0.0200 0.0042
30003 1.0003 0.3380 0.0300 0.0092
30004 1.0003 0.7700 0.0520 0.0215
30005 1.0009 14538 0.0238 0.0429
30006 0.9994 36188 - 0.1086
30007 0.9997 10.7700 0.2050 0.3170
30008 0.9997 20.3200 0.4000 0.5978

Appendix A11: Zn treated with mixed actual leachate in sorption experiment

Sample No. Soil weight (g) Cinitial (mg/l)  C equilibrium (mg/1) Adsorption equilibrium (mg/g)
KBS-1
119 1.0008 0.0185 0.0000 0.0000
120 1.0007 0.1035 0.0000 0.0000
121 1.0008 0.3723 0.1521 0.0066
122 1.0007 1.0010 0.1677 0.0250
123 1.0000 1.7410 0.5685 0.0352
124 1.0007 48510 1.1240 0.1117
125 1.0007 11.5910 22326 0.2806
126 1.0003 20.6510 4.3810 0.4880
KBS-2
217 1.0003 0.0185 0.1773 0.0000

218 1.0005 0.1035 0.2354 0.0000



219
220
221
222
223
224
KBS-3
82
83
84
3024
3025
3026
3027
3028

Appendix A12: Cu treated with mixed actual leachate in sorption experiment

Sample No.
KBS-1
119
120
121
122
123
124
125
126
KBS-2
217
218
219
220
221
222
223
224
KBS-3
82
83
84
3024
3025
3026
3027
3028

1.0005
1.0001
1.0005
1.0001
1.0007
1.0009

1.0007
1.0007
1.0008
1.0010
1.0007
1.0005
1.0010
1.0010

Soil weight (g)

1.0008
1.0007
1.0008
1.0007
1.0000
1.0007
1.0007
1.0003

1.0003
1.0005
1.0005
1.0001
1.0005
1.0001
1.0007
1.0009

1.0007
1.0007
1.0008
1.0010
1.0007
1.0005
1.0010
1.0010

0.3723

1.0010

1.7410

4.8510

11.5910
20.6510

0.0185
0.1035
0.3723
1.0010
1.7410
48510
11.5910
20.6510

Cinitial (mg/l)  C equilibrium (mg/l) Adsorption equilibrium (mg/g)

0.1200
0.2050
0.4738
1.1025
1.8425
4.9525
11.6925
20.7525

0.1200

0.2050

0.4738

1.1025

1.8425

4.9525

11.6925
20.7525

0.1200
0.2050
04738
1.1025
1.8425
49525
11.6925
20.7525

0.4767
0.8287
0.5740
3.3650
7.7905
14.0145

0.3870
0.4865
0.5878
0.9955
1.6113
3.1060
7.5885
13.6685

0.1295
0.1405
0.3915
0.5244
1.4775
3.3975
7.8125
13.8725

0.0855
0.1785

0.8525
4.0775
10.0025
18.2525

0.1875
0.3175
0.4650
0.9425
1.8025
4.3979
9.8925
17.1925

0.0000
0.0052
0.0350
0.0446
0.1139
0.1989

0.0000
0.0000
0.0000
0.0002
0.0039
0.0523
0.1200
0.2093

0.0000
0.0019
0.0025
0.0173
0.0110
0.0466
0.1163
0.2063

0.0010
0.0008

0.0075
0.0262
0.0507
0.0749

0.0000
0.0000
0.0003
0.0048
0.0012
0.0166
0.0539
0.1067
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Appendix A13: Cu treated with mixed actual leachate in sorption experiment

Sample No. Soil weight (g)  C initial (mg/l) C equilibrium (mg/1) Adsorption equilibrium (mg/g)

KBS-1
119 1.0008 0.0708 -0.0950 0.0000
120 1.0007 0.0820 -0.0760 0.0000
121 1.0008 0.3370 -0.0610 0.0000
122 1.0007 0.4970 0.0224 0.0142
123 1.0000 1.7270 0.2620 0.0440
124 1.0007 4.3970 0.7170 0.1103
125 1.0007 8.9670 1.2150 0.2324
126 1.0003 18.3270 5.4070 0.3875
KBS-2
217 1.0003 0.0708 0.0600 0.0003
218 1.0005 0.0820 = -
219 1.0005 0.3370 0.2460 0.0027
220 1.0001 0.4970 - -
221 1.0005 1.7270 12700 0.0437
222 1.0001 4.3970 2.1450 0.0676
223 1.0007 8.9670 6.0600 0.0871
224 1.0009 18.3270 11.2200 0.2130
KBS-2
82 1.0007 0.0708 0.0325 0.0011
83 1.0007 0.0820 0.0475 0.0010
84 1.0008 0.3370 0.1325 0.0061
3024 1.0010 0.4970 = -
3025 1.0007 1.7270 0.3375 0.0357
3026 1.0005 4.3970 1.9667 0.0729
3027 1.0010 8.9670 3.8500 0.1534

3028 1.0010 18.3270 6.3800 0.3581
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Appendix A14: Cr treated with mixed actual leachate in sorption experiment

Sample No. Soil weight (g)  C initial (mg/l) C equilibrium (mg/1) Adsorption equilibrium (mg/g)

KBS-1
119 1.0008 0.8583 0.1550 0.0211
120 1.0007 3.8525 - =
121 1.0008 4.1600 0.2650 0.1168
122 1.0007 5.3770 - -
123 1.0000 6.0725 1.3195 0.1426
124 1.0007 10.2900 2.8470 0.2231
125 1.0007 20.9800 7.6100 0.4008
126 1.0003 35.4000 17.7820 0.5284
KBS-2
217 1.0003 0.8583 0.4090 0.0135
218 1.0005 3.8525 - -
219 1.0005 4.1600 1.0850 0.0922
220 1.0001 5.3770 1. 4460 0.1179
221 1.0005 6.0725 - -
222 1.0001 10.2900 5.6920 0.1379
223 1.0007 20.9800 14.7520 0.1867
224 1.0009 35.4000 26.2620 02739
KBS-3
82 1.0007 0.8583 0.5320 0.0098
83 1.0007 3.8525 - -
84 1.0008 4.1600 0.7195 0.1031
3024 1.0010 5.3770 - -
3025 1.0007 6.0725 2.5345 0.1061
3026 1.0005 10.2900 3.7954 0.1947
3027 1.0010 20.9800 13.7020 0.2181
3028 1.0010 35.4000 30.3220 0.1522

Appendix A15: Cd treated with mixed actual leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/1) C equilibrium (mg/1) Adsorption equilibrium (mg/g)
KBS-1
119 1.0008 0.1075 0.0550 0.0016
120 1.0007 0.1925 0.0860 0.0032
121 1.0008 0.4725 0.2800 0.0058
122 1.0007 0.8700 0.3665 0.0151
123 1.0000 1.8800 1.1075 0.0232
124 1.0007 4.9800 2.5300 0.0734
125 1.0007 11.5600 4.2960 0.2178
126 1.0003 21.2600 8.8000 0.3737
KBS-2
217 1.0003 0.1075 0.0670 0.0012
218 1.0005 0.1925 0.1583 0.0010

219 1.0005 0.4725 0.4210 0.0015
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Appendix A15: continued

Sample No. Soil weight (g) C initial (mg/l) C equilibrium (mg/l) Adsorption equilibrium (mg/g)
220 1.0001 0.8700 0.8150 0.0016
221 1.0005 1.8800 0.6750 0.0361
222 1.0001 4.9800 3.8250 0.0346
223 1.0007 11.5600 8.7500 0.0842
224 1.0009 21.2600 16.5000 0.1427

KBS-3
82 1.0007 0.1075 0.0450 0.0019
83 1.0007 0.1925 0.1550 0.0011
84 1.0008 0.4725 0.3450 0.0038
3024 1.0010 0.8700 0.7875 0.0025
3025 1.0007 1.8800 1.5100 0.0111
3026 1.0005 4.9800 3.7326 0.0374
3027 1.0010 11.5600 8.1600 0.1019
3028 1.0010 21.2600 13.4200 0.2350

Appendix A16: Cd treated mixed actual leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/1) C equilibrium (mg/l)  Adsorption equilibrium (mg/g)

KBS-1
9 1.0004 0.1438 0.1156 00008
10 1.0010 0.2288 0.1438 0.0025
11 1.0004 0.5575 0.3802 0.0053
12 1.0010 1.1025 0.6610 0.0132
13 1.0002 2.3500 1.2863 0.0319
14 1.0003 6.3250 2.6975 0.1088
15 1.0007 12.5100 3.6900 0.2644
16 1.0007 25.3800 12.9300 0.3732

KBS-2
29 1.0005 0.1438 - -
30 1.0001 0.2288 0.2140 0.0004
31 1.0005 0.5575 0.5180 0.0012
32 1.0012 1.1025 0.9350 0.0050
33 1.0010 2.3500 1.8425 0.0152
34 1.0005 6.3250 3.8975 0.0728
35 1.0012 12.5100 8.7100 0.1139
36 1.0006 25.3800 19.1000 0.1883

KBS-3
49 1.0010 0.0963 - -
50 0.9999 0.2125 0.1694 0.0013
51 1.0000 0.5550 0.3959 0.0048
52 1.0000 1.0150 0.7750 0.0072
53 1.0005 2.0850 1.5563 0.0159
54 1.0012 5.1500 3.1143 0.0610
55 1.0003 10.9800 9.3160 0.0499

56 1.0012 25.3800 17.9500 0.2226
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Appendix A17: Cr treated mixed actual leachate in sorption experiment

Sample No. Soil weight (g) Cinitial (mg/l)  C equilibrium (mg/1) Adsorption equilibrium (mg/g)

KBS-1
9 1.0004 0.3690 - -
10 1.0010 0.5453 - 0.0163
11 1.0004 1.1315 0.6915 0.0132
12 1.0010 2.2903 1.3100 0.0294
13 1.0002 6.1140 3.8403 0.0682
14 1.0003 13.7640 8.5690 0.1558
15 1.0007 27.5590 17.6490 0.2971
16 1.0007 61.5990 48.0590 0.4059

KBS-2
29 1.0005 0.3690 - -
30 1.0001 0.5453 0.4790 0.0020
31 1.0005 L1315 1.2590 -0.0038
32 1.0012 22903 2.6850 -0.0118
33 1.0010 6.1140 5.3765 0.0221
34 1.0005 13.7640 12,1875 0.0473
35 1.0012 27.5590 26.1590 0.0419
36 1.0006 61.5990 57.7590 0.1151

KBS-3
49 1.0010 0.5260 0.3448 0.0054
50 0.9999 0.6373 0.3990 0.0071
51 1.0000 1.4423 0.7765 0.0200
52 1.0000 2.2610 1.6660 0.0179
53 1.0005 5.3360 36810 0.0496
54 1.0012 13.2610 84122 0.1453
55 1.0003 29.2910 25.0590 0.1269

56 1.0012 61.5710 52.7510 0.2643
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Appendix A18: Pb treated mixed actual leachate in sorption experiment

Sample No. Soil weight (g)  C initial (mg/l) C equilibrium (mg/l) Adsorption equilibrium (mg/g)
KBS-1
9 1.0004 0.0623 -0.0459 -
10 1.0010 0.0635 0.0135 0.0015
11 1.0004 0.3648 0.0302 0.0100
12 1.0010 0.5360 0.0725 0.0139
13 1.0002 1.4085 0.2310 0.0353
14 1.0003 T 25685 0.7348 0.0550
15 1.0007 15.2135 1.1985 0.4202
16 1.0007 17.4935 © 23935 0.4527
KBS-2
29 1.0005 001623 0.0495 ; 0.0004
30 1.0001 0.0635 - -
31 1.0005 0.3648 0.1815 0.0055
32 1.0012 0.5360 03085 0.0068
33 1.0010 1.4085 0.8735 0.0160
34 1.0005 25685 22010 0.0110
35 1.0012 15.2135 11.7435 0.1040
36 1.0006 17.4935 5.0835 0.3721
KBS-3
49 1.0010 0.0785 0.0545 0.0007
50 0.9999 01148 - -
51 1.0000 04623 01129 0.0105
52 1.0000 0.8673 0.2700 0.0179
53 1.0005 1.9635 0.7573 0.0362
54 1.0012 5.0060 22874 0.0815
55 1.0003 9.0960 3.9960 0.1530

58 1.0012 15.2135 7.8415 0.2209
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Appendix A19: Cu treated mixed actual leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/1) C equilibrium (mg/1) Adsorption equilibrium (mg/g)

KBS-1
9 1.0004 0.0395 = =
10 1.0010 0.1845 - -
11 1.0004 0.6608 - -
12 1.0010 1.4008 1.2055 0.0059
13 1.0002 3.2645 2.5095 0.0226
14 1.0003 7.9295 5.5483 0.0714
15 1.0007 15.0195 8.4045 0.1983
16 1.0007 23.6195 16.9695 0.1994
KBS-2
29 1.0005 0.0395 0.1725 -
30 1.0001 0.1845 0.2995 -
31 1.0005 0.6608 0.7575 =
32 1.0012 1.4008 1.4055 -
33 1.0010 3.2645 2.8820 00113
34 1.0005 1.9295 6.2870 0.0493
35 1.0012 15.0195 13.6595 0.0408
36 1.0006 23.6195 20.7295 0.0866
KBS-3
49 1.0010 0.1360 0.1438 =
50 0.9999 02310 0.2383 =
51 1.0000 0.5610 04322 0.0039
52 1.0000 0.9848 0.8730 0.0034
53 1.0005 2.0260 1.7203 0.0092
54 1.0012 5.8710 4.0077 0.0558
55 1.0003 10.2760 9.6720 0.0181

56 1.0012 23.6535 20.8840 0.0830



193

Appendix A20: Zn treated mixed actual leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/1) C equilibrium (mg/1) Adsorption equilibrium (mg/g)
KBS-1
9 1.0004 0.0553 - -
10 1.0010 0.0943 - -
11 1.0004 0.2459 « 2,
12 1.0010 0.4638 - -
13 1.0002 1.0848 0.0600 0.0307
14 1.0003 2.5668 0.2245 0.0702
15 1.0007 5.2333 0.1888 0.1512
16 1.0007 25.7053 8.1123 0.5274
KBS-2
29 1.0005 0.0553 0.0052 0.0015
30 1.0001 0.0943 0.0478 0.0014
31 1.0005 0.2459 0.1115 0.0040
32 1.0012 0.4638 0.2166 0.0074
33 1.0010 1.0848 0.5595 0.0157
34 1.0005 2.5668 L1115 0.0436
35 1.0012 5.2333 26323 0.0779
36 1.0006 25.7053 16.4453 0.2776
KBS-3
49 1.0010 0.4858 0.1493 0.0101
50 0.9999 0.5721 0.1803 0.0117
51 1.0000 0.9361 0.3926 0.0163
52 1.0000 1.3550 0.7562 0.0180
53 1.0005 2.5018 1.3809 0.0336
54 1.0012 5.7500 2.1941 0.1065
55 1.0003 11.7300 8.1752 0.1066

56 1.0012 26.0600 16.1472 0.2970



194

Appendix A21: Zn treated mixed synthetic leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/1) C equilibrium (mg/1) Adsorption equilibrium (mg/g)
KBS-1 i
117 1.0008 0.1258 0.0371 0.0027
118 1.0003 0.1530 0.0376 0.0035
127 1.0006 0.5760 0.0571 0.0156
128 1.0005 0.8982 0.0609 0.0251
129 1.0004 2.0310 1.1320 0.0270
130 1.0004 8.0450 4.8095 0.0970
10025 1.0008 27.9400 - -
10026 1.0001 54.3400 4.1680 1.5050
KBS-2
209 1.0010 0.1258 0.0486 0.0023
210 1.0003 0.1530 0.0288 0.0037
211 1.0001 0.5760 0.0853 0.0147
212 1.0008 0.8982 0.2012 0.0209
213 1.0003 20310 1.1650 0.0260
214 1.0001 8.0450 2.4360 0.1683
200025 0.9998 27.9400 4.6930 0.6975
200026 1.0004 54.3400 15.5980 1.1618
KBS-3
85 1.0009 0.1258 0.0444 0.0024
87 1.0007 0.1530 0.0571 0.0029
88 1.0008 0.5760 0.0726 0.0151
68 1.0006 0.8982 0.1339 0.0229
89 1.0007 20310 1.2760 0.0226
90 1.001 8.0450 - -
300025 0.9999 27.9400 3.4970 0.7334

300026 1.0003 54.3400 12.8140 1.2454
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Appendix A22: Cu treated mixed synthetic leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/) C equilibrium (mg/l)  Adsorption equilibrium (mg/g)
KBS-1
117 1.0008 0.1230 0.0490 0.0022
118 1.0003 0.1950 0.0700 0.0037
127 1.0006 0.4630 0.1300 0.0100
128 1.0005 0.8710 0.1670 0.0211
129 1.0004 1.9050 0.1760 0.0518
130 1.0004 8.5150 44700 0.1213
10025 1.0008 34.3100 - -
10026 1.0001 65.5000 6.3800 1.7734
KBS-2
209 1.0010 0.1230 0.0860 0.0011
210 1.0003 0.1950 0.1210 0.0022
211 1.0001 0.4630 0.4600 0.0001
212 1.0008 0.8710 0.6270 0.0073
213 1.0003 1.9050 1.0910 0.0244
214 1.0001 8.5150 2.3650 0.1845
200025 0.9998 343100 8.9800 0.7601
200026 1.0004 65.5000 16.6200 1.4658
KBS-3
85 1.0009 0.1230 0.1190 0.0001
87 1.0007 0.1950 0.1610 0.0010
88 1.0008 0.4630 0.3470 0.0035
68 1.0006 0.8710 0.5180 0.0106
89 1.0007 1.9050 0.2530 0.0495
90 1.0010 8.5150 4.8600 0.1095
300025 0.9999 343100 8.6200 0.7708

300026 1.0003 65.5000 15.5600 14978
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Appendix A23: Pb treated mixed synthetic leachate in sorption experiment

Sample No. Soil weight (g)  C initial (mg/1) C equilibrium (mg/l) Adsorption equilibrium (mg/g)
KBS-1
117 1.0008 0.1500 0.0000 0.0000
118 1.0003 0.1530 0.0000 0.0000
127 1.0006 0.3520 0.0000 0.0000
128 1.0005 04110 0.0030 0.0122
129 1.0004 1.7650 0.1120 0.0496
130 1.0004 8.3750 3.6300 0.1423
10025 1.0008 31.2000 0.0000 0.9353
10026 1.0001 64.8400 0.0000 1.9450
KBS-2
209 1.0010 0.1500 0.0300 0.0036
210 1.0003 0.1530 0.0210 0.0040 ’
211 1.0001 0.3520 0.1038 0.0074
212 1.0008 04110 0.0600 0.0105
213 1.0003 1.7650 - -
214 1.0001 83750 - =
200025 0.9998 31.2000 0.2500 0.9287
200026 1.0004 64.8400 0.9000 1.9174
KBS-3
85 1.0009 0.1500 0.0210 0.0039
87 1.0007 0.1530 N =
88 1.0008 - 03520 0.0440 0.0092
68 1.0006 04110 - -
89 1.0007 1.7650 0.0720 0.0508
90 1.0010 83750 - -
300025 0.9999 31.2000 0.6500 0.9154

300026 1.0003 64.8400 15.4000 1.4828
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Appendix A24: Cr treated mixed synthetic leachate in sorption experiment

Sample No. Soil weight (g) C initial (mg/1) C equilibrium (mg/l) Adsorption equilibrium (mg/g)
KBS-1
117 1.0008 0.0000 0.0000 0.0000
118 1.0003 0.0291 0.0000 0.0009
127 1.0006 0.1901 0.1216 0.0021
128 1.0005 0.5484 0.4282 0.0036
129 1.0004 1.2093 0.6410 0.0170
130 1.0004 8.9950 1.0325 0.2388
10025 1.0008 43.4800 10.9600 0.9748
10026 1.0001 93.1200 18.9200 22258
KBS-2
209 1.0010 0.0000 0.0000 0.0000
210 1.0003 0.0291 00000 0.0009
211 1.0001 0.1901 0.1254 0.0019
212 1.0008 0.5484 0.4660 0.0025
213 1.0003 1.2ua3 0.3970 0.0184
214 1.0001 8.9950 1.7773 0.2165
200025 0.9998 43.4800 9.0480 1.0332
200026 1.0004 93.1200 20.5800 2.1753
KBS-3
85 1.0009 0.0000 0.0000 0.0000
87 1.0007 0.029] 0.0000 0.0009
88 1.0008 0.1901 0.0817 0.0032
68 1.0006 0.5484 - -
89 1.0007 1.2093 0.5938 0.0185
90 1.0010 8.9950 3.8055 0.1555
300025 0.9999 43.4800 9.0040 1.0344

300026 1.0003 93.1200 20.3800 2.1815
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Appendix A25: Cd treated mixed synthetic leachate in sorption experiment

Adsorption
C equilibrium equilibrium
Sample No. Soil weight (g)  C initial (mg/l) (mg/l) (mg/g)
KBS-1
117 1.0008 0.1280 - -
118 1.0003 0.1940 0.0010 0.0058
127 1.0006 0.5100 0.0330 0.0143
128 1.0005 0.9690 0.1180 0.0255
129 1.0004 2.0300 1.4520 0.0173
130 1.0004 9.4400 5.4900 0.1185
10025 1.0008 9.8310 - -
10026 1.0001 21.6800 4.4800 0.5159
KBS-2
209 1.0010 0.1280 0.0150 0.0034
210 1.0003 0.1940 0.0210 0.0052
211 1.0001 0.5100 - -
212 1.0008 1.9690 0.1910 0.0233
213 1.0003 2.0300 1.2240 0.0242
214 1.0001 9.4400 2.7625 0.2003
200025 0.9998 9.8310 4.0500 0.1735
200026 1.0004 21.6800 9.7600 0.3575
KBS-3
85 1.0009 0.1280 0.0020 0.0038
87 1.0007 0.1940 0.0018 0.0058
88 1.0008 0.5100 0.1090 0.0120
68 1.0006 0.9690 0.2820 0.0206
89 1.0007 2.0300 1.2720 0.0227
90 1.0010 94400 5.5950 0.1152
300025 0.9999 9.8310 2.6800 0.2146

300026 1.0003 21.6800 7.9400 04121
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Appendix A26: Cd treated mixed synthetic leachate in sorption experiment

sample No. Soil weight (g)  C initial (mg/l) C equilibrium (mg/1) Adsorption equilibrium (mg/g)

KBS-1

1 1.0004 0.0000 0.0000 0.0000

2 1.0010 0.1863 0.0063 0.0054

3 1.0001 0.4425 0.0300 0.0124

4 1.0005 1.0725 0.0820 0.0297

5 1.0004 2.9400 0.3038 0.0791

6 1.0013 6.3200 0.9475 0.1610

7 1.0000 12.9300 2.6800 0.3075

8 1.0010 24.9000 11.4300 0.4037
KBS-2

21 1.0005 0.0000 0.0230 -0.0007

22 1.0006 0.1863 0.0600 0.0038

23 1.0004 0.4425 0.1840 0.0078

24 1.0005 1.0725 0.3810 0.0207

25 1.0012 2.9400 14100 0.0458

26 1.0007 6.3200 3.4913 0.0848

27 1.0004 12,9300 8.3800 0.1364

28 1.0010 24.9000 20.0800 0.1445
KBS-2

41 1.0011 0.0875 0.0090 0.0024

42 1.0002 0.1913 0.0333 0.0047

43 1.0006 0.5163 0.1270 00117

4 0.9998 0.9975 0.3135 0.0205

43 1.0003 2.1075 0.8022 - 0.0391

46 1.0007 5.1550 2.7720 0.0714

47 1.0010 10.9800 7.0080 0.1190

48 1.0006 25.3800 17.5400 0.2351
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Appendix A27: Cr treated mixed synthetic leachate in sorption experiment

sample No. Soil weight (g) C initial (mg/1) C equilibrium (mg/l)  Adsorption equilibrium (mg/g)
KBS-1
| 1.0004 0.0000 0.0154 -
2 1.0010 0.0068 - -
3 1.0001 0.8131 0.6150 0.0059
- 1.0005 1.3188 1.6720 -
5 1.0004 3.0400 3.4838 -
6 1.0013 10.1750 9.3663 0.0242
7 1.0000 25.2600 22.8350 0.0727
8 1.0010 56.2600 51.2500 0.1501
KBS-2
21 1.0005 0.0000 0.0013 0.0000
22 1.0006 0.0068 0.1391 -
23 1.0004 0.8131 0.5593 0.0076
24 1.0005 1.3188 0.9743 0.0103
25 1.0012 3.0400 29500 0.0018
26 1.0007 10.1750 9.3225 0.0256
27 1.0004 25.2600 22,0300 0.0969
28 1.0010 56.2600 51.8100 0.1334
KBS-3
41 1.0011 0.0000 - -
42 1.0002 0.0206 - -
43 1.0006 04486 0.3888 0.0018
44 0.9998 1.3638 1.1635 0.0060
45 1.0005 2.5230 - -
46 1.0007 10.8550 9.1920 0.0499
47 1.0010 24.1600 22,9160 0.0373

48 1.0006 56.2600 51.8600 0.1319
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Appendix A28: Pb treated mixed synthetic leachate in sorption experiment

sample No. Soil weight (g)  C initial (mg/l) C equilibrium (mg/l)  Adsorption equilibrium (mg/g)
KBS-1
1 1.0004 0.1975 0.0792 0.0035
2 1.0010 0.2550 0.0594 0.0059
3 1.0001 0.5238 0.0510 0.0142
4 1.0005 0.9888 0.0850 0.0271
5 1.0004 1.9550 - -
6 1.0013 5.0450 0.1188 0.1476
7 1.0000 9.9500 0.3000 0.2895
8 1.0010 10.1800 0.1000 0.3021
KBS-2
21 1.0005 0.1975 0.1030 0.0028
22 1.0006 0.25350 0.0890 0.0050
23 1.0004 0.5238 - -
24 1.0005 0.9888 0.0940 0.0268
25 10012 1.9550 0.1125 0.0552
26 1.0007 5.0450 0.1663 0.1463
27 1.0004 9.9500 0.3250 0.2886
28 1.0010 10.1800 0.3100 0.2958
KBS-3
41 1.0011 0.1175 0.0520 0.0020
42 1.0002 0.1400 0.0427 0.0029
43 1.0006 0.3450 0.0330 0.0094
44 0.9998 14625 - =
45 1.0005 0.5450 - -
46 1.0007 2.7800 - -
47 1.0010 6.4700 < -

48 1.0006 10,1800 - -



202

Appendix A29: Cu treated mixed synthetic leachate in sorption experiment

sample No. Soil weight (g)  C initial (mg/l) C equilibrium (mg/l)  Adsorption equilibrium (mg/g)

KBS-1

| 1.0004 0.2800 0.0552 0.0067

2 1.0010 0.4250 0.1135 0.0093

3 1.0001 0.8900 0.3010 0.0177

4 1.0005 1.6538 0.6910 0.0289

5 1.0004 3.4700 1.5513 0.0575

6 1.0013 8.2300 4.2000 0.1207

7 1.0000 16.5700 9.4400 02139

8 1.0010 24.2600 11.5700 0.3803
KBS-2

21 1.0005 0.2800 0.1250 0.0046

22 1.0006 0.4250 0.2640 0.0048

23 1.0004 0.8900 0.6060 0.0085

24 1.0005 1.6538 1.0720 00174

25 1.0012 3.4700 26675 0.0240

26 1.0007 8.2300 6.5613 0.0500

27 1.0004 16.5700 12.8450 0.1117

28 1.0010 24.2600 20.1200 0.1241
KBS-2

41 1.0011 0.1125 0.1100 0.0001

42 1.0002 0.2038 0.1740 0.0009

43 1.0006 0.4938 0.3810 0.0034

44 0.9998 0.9738 0.8052 0.0051

45 1.0005 2.0625 1.6880 00112

46 1.0007 4.9800 4.3680 0.0183

47 1.0010 10.4100 9.0000 0.0423

48 1.0006 24.2600 19.7900 0.1340
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Appendix A30: Zn treated mixed synthetic leachate in sorption experiment

sample No. Soil weight (g)  Cinitial (mg/l)  C equilibrium (mg/l)  Adsorption equilibrium (mg/g)

KBS-1

1 1.0004 0.0770 0.0216 0.0017

2 1.0010 0.1201 0.0265 0.0028

3 1.0001 0.0901 0.0342 0.0017

4 1.0005 0.5101 0.0269 0.0145

5 1.0004 1.1100 0.0294 0.0324

6 1.0013 2:6505 0.0794 0.0770

7 1.0000 6.8980 0.0900 0.2042

8 1.0010 26.0600 4.3340 0.6511
KBS-2

21 1.0005 0.0770 0.0187 0.0017

22 1.0006 0.1201 0.0312 0.0027

23 1.0004 0.0901 0.0339 0.0017

24 1.0005 05101 0.0378 0.0142

25 1.0012 1.1100 0.1544 0.0286

26 1.0007 2.6505 0.6089 0.0612

27 1.0004 6.8980 1.9190 0.1493

28 1.0010 26.0600 16.4800 0.2871
KBS-3

41 1.0011 0.1570 0.0271 0.0039

42 1.0002 0.2479 0.0376 0.0063

43 1.0006 0.5996 0.0610 0.0161

44 0.9998 1.1108 0.1213 0.0297

45 1.0005 23493 0.3397 0.0603

46 1.0007 5.5050 14918 0.1203

47 1.0010 11.4600 4.8040 0.1995

48 1.0006 26.1400 14.1100 0.3607
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Appendix B1: Zn in actual leachate transport through KBS-2 column, initial [Zn] = 10 mg L™
flow rate : 20.86 mg L™

Time (hr)
0-2
10-12
20-22
28-30
3335
44-46
52-54
58-60
68-70
76-78
90-92
100-102
106-108
114-116
124-126
130-132
140-142
14830
156-158
164-166
172-174
178-180
188-191
196-198
202-204
212214
220-212
226-228
235.238
244-246
250-252
260-262
268-270
274-276
282-284
286-288
292-294
298-300
306-308
308-310
310312
314-316
322324
330-332
332-334
334-336
338-340
342-344
346-348
354-356

Volume (ml)
41.712
250.32
458.92
625.80
730.10
959.56
1126.44
1251.60
1460.20
1627.08
1710.52
1919.12
204428
2211.16
2419.76
254492
2753.52
2920.40
3087.28
3254.16
3421.04
3546.20
3775.66
1921.68
4046.84
425544
4443.18
454748
4756.08
492296
5048.12
5256.72
5423.60
5548.76
5715.64
5799.08
5924.24
6049.40
6216.28
6258.00
6299.72
6383.16
6550.04
6716.92
6758.64
6800.36
6883.80
6967.24
7050.68
7217.56

Pore Volume
0.65
3.92
7.20
9.81
11.45
15.04
17.66
19.62

22.89
25.51
26.82
30.09
32.05
34.67
3794
39.90
43.17
45.79
4841
51.02
53.64
55.60
59.20
61.49
61.45
66.72
69.66
71.20
74.57
77.19
19.13
82.42
85.04
87.00
89.61
90.92
92,89
94.85
97.46
98.12
98.77
100.08
102.70
105.31
105.97
106.62
107.93
109.24
110.55
113.16

C effluent (mg L")
0.2274
2.5109
2.5119
2.5809
4.5044
7.4529
3.3861
3.2959
3.3696
3.7095
4.6313
5.1589
5.1186
6.3572
6.6097
6.8008
7.9929
sl.r;'\'d-
8.2251
8.1387
B.0878
8.6680
9.2070
B.8839
8.7505
9.7598
£.0197
84824
10.0747
7.1610
9.6800
10.5123
10,3957
9.9990
10.2667
10.5050
10,6040
10.7745
8.6130
9.6085
9.4545
8.1400
8.8523
9.8643
9.8148
9.0338
9.6030
10.3015
9.5618
9.4793

CiCo
0.0237
0.2622
0.2623
0.2695
0.4704
0.7784
0.3536
0.3442
03519
0.3874
0.4837
0.5388
0.5346
0.6639
0.6903
0.710%
0.8348
0.8836
0.8590
0.8500
0.8447
0.9052
09616
09278
09139
10193
0.8397
0.8859
1.0s22
0.7479
10110
1.0979
1.0860
1.04432
1.0722
1.0971
1.1075
1.1253
0.8995
1.0035
0.9874
0.8501
0.9245
1.0302
1.0250
0.9435
1.0029
1.0759
0.9986
0.9900



Appendix B1: continued

Time (hr)
356-358
358-360
362-364
368-370
372-374
382-384
384-386
386-388
392-394
396-398
404-406
408-410
414-416
416418
426-428
430-432
434-436
442-444
444446
446-448
448-450
452454
456-458
458-460
460-466
466-468
468470
470-472
472474
474-476
476-478
478-480
480-482
482-484
484-490
490-492
492-494
494-496
496-498
498-500
500-502
502-504
504-506
506-508
508-514
514-516
516-518
518-520
520-522
522-524

Volume (ml)
7259.28
7301.00
7384.44
7509.60
7593.04
7801.64
7843.36
7885.08
8010.24
8093.68
8260.56
8344.00
8469.16
8510.88
8719.48
8802.92
8886.36
9053.24
9094.96
9136.68
9178.40
9261.84
9345.28
9387.00
9512.16
9553.88
9595.60
9637.32
9679.04
9720.76
9762.48
9804.20

.9845.92
9887.64
10012.80
10054.52
10096.24
10137.96
10179.68
10221.40
10263.12
10304.84
10346.56
10388.28
10513.44
10555.16
10596.88
10638.60
10680.32
10722.04

Pore Volume
113.82
114.47
11578
117.74
119.05
122.32
122.98
123.63
125.59
126.90
129.52
130.82
132.79
13344
13671
138.02
139.33
141.94
142.60
143.25
143.91
145.22
146.52
147.18
149.14
149.79
150.45
15110
151.76
15241
153.06
153.72
134.37
155.02
156.99
157.64
158.30
158.95
159.61
160.26
160.91
161.57
162.22
162.88
164.84
165.49
166.15
166.80
167.46
168.11

C effluent (mg L")
9.1493
7.9338
7.2619
6.9449
7.3709
7.3709
6.5919
7.0849
7.9789
7.3789
6.7469
7.2369
6.8969
6.8289
6.7069
6.6549
7.0689
7.5400
7.2349
7.2679
7.4389
7.1189
7.2589
6.8489
7.1769
75109
6.9769
6.9729
7.2589
6.8169
69249
7.1309
~.2689
7.9949
7.4469
7.6609
8.0209
7.8149
7.8229
7.7589
8.1449
7.9309
7.9869
7.5289
7.9869
8.2929
7.9509
8.2609
8.4029
8.8329

C/Co
0.9555
0.8286
0.7584
0.7253
0.7698
0.7698
0.6884
0.7399
0.8333
0.7706
0.7046
0.7558
0.7203
0.7132
0.7005
0.6950
0.7383
0.7876
0.7556
0.7590
0.7769
0.7435
0.7581
0.7153
0.7495
0.7844
0.7287
0.7282
0.7581
0.7119
0.7232
0.7447
0.7592
0.8350
0.7777
0.8001
0.8377
0.8162
0.8170
0.8103
0.8506
0.8283
0.8341
0.7863
0.8341
0.8661
0.8304
0.8628
0.8776
0.9225
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Appendix B1: continued

Time (hr)
524-526
526-528
528-530
530-532
538-540
540-542
542-544
544-546
546-548
548-550
550-552
553-554
554-553
555-536
556-557
557-358
558-539
559-360
560-561
561-562
562-562
563-564
564-563
563-566
566-367
567-569
569-370
570-571
571-572
572572
573-574
574-576
576-578
578-580
580-582
582-584
584-585
585-587
587-593
593-595
595-597
597-599
599-601
601-603
603-605
605-607
607-609
615-617
617-619
619-621

Volume (ml)
10763.76
10805.48
10847.20
10888.92
11055.80
11097.52
11139.24
11180.96
11222.68
11222.68
11264.40
11306.12
11326.98
11347.84
11368.70
11389.56
11410.42
1142128
1145214
11473.00
11493.86
11514.72
11535.58
1155644
11577.30
11619.02
11639.88
11660.74
11681.60
11702.46
11723.32
11765.04
11306.76
11848 48
11890.20
11931.92
11952.78
11994.50
12119.66
12161.38
12203.10
12244.82
12286.54
12328.26
12369.98
12411.70
12453.42
12620.30
12662.02
12703.74

Pore Volume
168.76
169.42
170.07
170.73
173.34
174.00
174.65
175.31
175.96
175.96
176.61
177.27
177.59
177.92
178.25
178.58
178.90
179.22
179.56
179.88
180.21
180.54
180.87
181.19
181.52
182.17
182,50
182.83
18315
183.48
18381
184.46
18512
185.77
186.43
187.08
187.41
188.06
190.02
190.68
191.33
191.99
192.64
193.29
193.95
194.60
195.26
197.87
198.53
199.18

C effluent (mg L)
8.6069
8.6689
8.8389
8.6369
8.5449
9.1649
8.6169
8.7749
8.8329
8.5429
8.9829
8.7609
9.1949
7.8441
8.8669
13.5349
11.5029
4.0159
2.8279
4.4199
1.8349
312329
2.1589
3.0039
2.1539
1.8599
1.5084
1.4459
1.2547
2.6554
1.7192
3.1096
1.0229
0.6752
0.6152
0.4614
0.4757
0.4003
0.2800
0.2527
0.2548
0.2543
0.1648
0.1777
0.1370
0.1230
0.1383
0.0612
0.0620
0.0500

CiCo
0.8989
0.9054
0.9231
0.9020
0.8924
0.9572
0.8999
0.9164
0.9225
0.8922
0.9382
0.9150
0.9603
0.8192
0.9260
1.4136
1.2013
0.4194
0.2953
0.4616
0.4005
0.3376
0.2255
0.3137
0.2230
0.1942
0.1575
0.1510
0.1310
02773
0.1795
0.3248
0.1069
0.0705
0.0642
0.0482
0.0497
0.0418
0.0292
0.0264
0.0266
0.0266
0.0172
0.0186
0.0143
0.0128
0.0144
0.0064
0.0065
0.0052
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Appendix B1: continued

Time (hr)
621-623
623-625
625-627
627-629
629-631
631-633
639-641
641-643
643-645
645-647

Volume (ml)
12745.46
12787.18
12828.90
12870.62
12912.34
12954.06
12995.78
13037.50
13079.22
13120.94

Pore Volume
199.83
200.49
201.14
201.80
202.45
203.11
203.76
204.41
205.07
205.72

C effluent (mg L)
0.0337
0.0237
0.5010
0.2433
0.1423
0.0539
0.9479
0.3612
0.0805
0.0248

CICo

0.0035
0.0025
0.0523
0.0254
0.0149
0.0056
0.0990
0.0377
0.0084
0.0026
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Appendix B2: Cd in actual leachate transport through KBS-2 column, initial [Cd] = 10 mg L™
flow rate : 23.05 mg L™

Time (hr)
0-2
10-12
20-22
28-30
4446
52-54
58-60
63-70
76-78
Q092
100-102
lue-108
114-116
124-126
13132
140-142
143-130
136-138
164-166
172-174
178-180
188-191
196-198
202-204
212-214
220-223
226-228
235-238
244-246
250-252
260-262
268-270
274-276
282-284
292-294

Volume (ml)
69.15
299.65
530.15
714.55
1083.35
1267.75
1406.05
1636.55
1820.95
2141.65
2374.15
251245
2696.85
292735
1065.65
3296.15
3480.55
3664.95
1849.35
4033.75
4172.05
4425.60
4586.95
4725.25
4955.75
5163.20
5278.45
5508.95
5693.35
5831.65
6062.15
6246.55
6384.85
6569.25
6799.75

Pore Volume
1.08
4.70
831
11.20
16.99
19.88

2205
25.66
28.55
3161
37.2
39.39
4228
45.90
48.07
51.68
54.57
57.46
60.35
63.24
65.41
69.39
71.92
74.09
77.70
80.95
82.76
86.37
89.27
91.43
95.05
97.94
100.11
103.00
106.61

C effluent (mg L™)
0.0000
0.3240
2.7500
5.3700
2.1000
5.1000
5.8800
9.0400
9.6700
9.0400
8.9100
8.6700
79800
8.1423
T 425
7.5675
T.2300
7.2050
6.9925
7.5300
4.7923
6.5925
6.3300
6.2800
7.3050
6.8550
6.9675
7.0300
12.7467
11.7633
13.8467
14.8300
29.2300
16.4800
9.9050

CiCo
0.0000
0.0347
0.2944
0.5749
0.3319
0.5460
0.6296
0.9679

1.0353
(10aT9
0.9540

9

th 8544
13718
3183
0.8102
0.7741
0.7714
0.7487
0.8062
0.5131
0.7038
0.6777
0.6724
0.7821
0.7339
0.7460
0.7527
1.3647
1.2595
1.4825
1.5878
3.1296
1.7645
1.0605



Appendix B2: continued

Time (hr)
298-300
306-308
310-312
316-318
322-324
330-332
334-336
340-342
346-348
354-356
358-360

364-366
372-374
180-382
384-386
386-388
396-398
404-406
412414
416418
434-436
442444
444-446
446-448
448-450
452-454
456458
458-460
460-466
466-468
468470
470-472
472474
474-476
476478
480-482
482-484
484-490
490-492
492-494
494-496
496-498
498-500
500-502
504-506
506-508
508-514
514-516
516-518
520-522
522-524
524-526

Volume (ml)
6938.05
7122.45
7214.65
7352.95
7491.25
7675.65
7767.85
7906.15
8044.45
8228.85
8321.05

8459.35

8643.75

8828.15

8920.35

8966.45

9196.95

9381.35

9563.75

9657.95

10072.85
10257.25
10303.35
10349.45
10395.55
10487.75
10579.95
10626.05
10764.35
10810.45
10856.55
10902.65
10948.75
10994.85
11040.95
11133.15
11179.25
11317.55
11363.65
11409.75
11455.85
11501.95
11548.05
11594.15
11686.35
11732.45
11870.75
11916.85
11962.95
12055.15
12101.25
12147.35

Pore Volume
108.78
111.67
113.12
115.29
117.45
12035
121.79
123.96
126.13
129.02
130.46

132.63
135,52
13842
139.86
140.58
144.20
147.09
149.98
151.43
157.93
160.82
161.55
162.27
162.99
164.44
165.88
166.60
168.77
169.50
170.22
170.94
171.66
172,29
173.11
174.56
175.28
177.45
178.17
178.89
179.62
180.34
181.06
181.78
183.23
183.95
186.12
186.84
187.57
189.01
189.73
190.46

C effluent (mg L)
9.4175
9.8800
9.3675
9.7925
10.4800
10.0175
10.1425
18.2050
10.9550
§.9300
16.0300

10.1550
10.1800
85800
8.3350
8.8800
9.2550
9.2300
8.4050
8.8300
6.1900
6.4500
6.6700
6.2300
6.2300
6.0900
6.5100
64500
6.1100
6. 1900
A 1900
6.2100
38030
39300
4.4300
5.7600
6.0400
£.2500
6.8300
6.7400
6.9900
7.1400
7.3000
7.1400
7.8300
7.2900
7.5700
7.8100
7.1200
7.9900
7.3000
8.2700

C/Co
1.0083
1.0578
1.0029
1.0484
1.1221
1.0725
1.0859
1.9491
1.1729
0.9561
1.7163

1.0873
1.0899
0.9186
0.8945
0.9507
0.9909
0.9882
0.8999
0.9454
0.6627
0.6906
0.7141
0.6670
0.6670
0.6520
0.6970
0.6906
0.6542
0.6627
0.6627
0.6649
0.4074
0.4208
0.4743
0.6167
0.6467
0.6692
0.7313
0.7216
0.7484
0.7645
0.7816
0.7645
0.8383
0.7805
0.8105
0.8362
0.7623
0.8555
0.7816
0.8854
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Appendix B2: continued

Time (hr)
526-528
528-530
530-532
532-538
538-540
540-542
542-544
544-546
546-548
548-550
550-552
552-554
554-556
559-361
565-567

567-567.5

567.5-568
568-569
569-570
570-571
571-572
573-574
574-575
575-576
581-582
582-584
584-585
585-587
587-593
593-395
595-597
597-599
599-601
601-603
603-605
605-607
607-609
615-617
617-619
619-621
621-623
623-625
625-627
627-629
629-631
631-633

Volume (ml)
12193.45
12239.55
12285.65
12423.95
12470.05
12516.15
12562.25
12608.35
12654.45
12700.55
12746.65
12792.75
128138.85
12954.10
13092.40
13103.93
1311545
13138.50
13161.55
13184.60
13207.65
13253.75
13276.80
13299.85
13438.15
13484.25
13507.30
13553.40
13691.70
13737.80
1378390
13830.00
13876.10
13922.20
11968.30
14014.40
14060.50
1424490
14291.00
14337.10
14383.20
14429.30
14475.40
14521.50
14567.60
14613.70

Pore Volume
191.18
191.90
192.63
194.79
195.52
196.24
196.96
197.69
198.41
199.13
199.85
200.58
201.30
203.11
20527
205.46
205.64
206.00
206.36
206.72
207.08
207.80
208.17
208.53
210.70
42
211.78
21250
214.67
215.39
216.12
216.84
217.36
218.28
219.01
219.73
22045

C eflluent (mg L")
7.9500
8.2700
7.7900
7.8800
7.9000
8.2300
8.1800
8.0300
8.3000
8.0400
8.1700
8.1000
8.5900
8.8100
7.8100
7.7350
7.8850
7.3850
7.5950
9.8300
17.5300
16.0800
9.6550
5.8050
6.5675
7.0550
6.4675
5.7300
2.4838
25013
23913
23750
2.1750
2.0400
1.9250
1.5800
1.7888
1.6588
1.6775
1.6575
1.5425
0.0886
1.4500
1.4175
1.4588
1.3913

C/Co
0.8512
0.8854
0.8340
0.8437
0.8458
0.8812
0.8758
0.8597
0.8887
0.8608
0.8747
0.8672
0.9197
0.9433
0.8362
0.8282
0.8442
0.7907
0.8132
1.0325
1.8769
1.7216
1.0337
0.6215
0.7032
0.7554
0.6925
0.6135
0.2659
0.2678
0.2560
0.2543
0.2329
0.2184
0.2061
0.1692
0.1915
0.1776
0.1796
0.1775
0.1651
0.0095
0.1552
0.1518
0.1562
0.1490

210
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Appendix B3: Pb in actual leachate transport through KBS-2 column, initial [Pb] = 10 mg L™
flow rate : 17.00 mg L

Time (hr)
0-2
8-10
12-14
18-22
24-26
32-34
36-38
42-44
48-50
59-61
65-67
70-712
81-84
90-92
96-98
104-106
114-116
120-122
128-130
136-138
144-147
150-152
160-162
168-170
174-176
184186
192-195
200-202
202-204
210-212
218-221
227-229
234-236
244-246
252-254
258-260
268-270
272-274
278-280
284-286
294-296
298-300
304-306
310-312
320-322
324-326
330-332
336-338
344-346
352-354
358-360
368-370

Volume (ml)
34.00
170.00
238.00
374.00
442.00
578.00
646.00
748.00
850.00
1037.00
1139.00
1224.00
1428.00
1564.00
1666.00
1802.00
1972.00
207400
2210.00
2346.00
2499.00
2584.00
2754.00
2890.00
2992.00
3162.00
13500
3434.00
2468.00
2604.00
IT5T.00
1893.00
W12.00
4182.00
4318.00
4420.00
4590.00
4658.00
4760.00
4862.00
5032.00
5100.00
5202.00
5304.00
5474.00
5542.00
5644.00
5746.00
5882.00
6018.00
6120.00
6290.00

Pore Volume
0.53
2.67
173
5.86
6.93
9.06
10.13
11.73
13.33
16.26
17.86
19.19
2.9
24.52

26.12
28.25
30.92
32.52
34.65
36.78
39.18
40.51
43,18
45.31
46.91
49.58
51.98
53.84
5437
56.51
5891
61.04
62.90
65.57
67.70
69.30
71.97
73.03
74.63
76.23
78.90
79.96
81.56
83.16
85.83
86.89
88.49
90.09
92.22
94.36
95.95
98.62

C effluent (mgL™)
0.1408
1.4395
1.8958
2.3620
2.8958
2.5738
1.5645
1.6545
3.1958
4.5620
4.5083
4.5283
5.8483
5.6945
6.2345
7.2108
7.3533
8.1520
6.7508
3.5883
3.5237
7.0870
6.3270
6.8820
6.6720
39520
4.3553
4.0037
33253
2.8053
2.7753
2.4903
24353
2.5270
3.6103
2.7353
2.7103
3.0320
2.5737
2.6670
2.3253
3.1053
3.2770
27520
3.3870
3.4995
3.8395
3.7370
3.6620
3.5045
6.0945
6.6895

C/Co
0.0141
0.1440
0.1896
0.2362
0.2896
0.2574
0.1565
0.1655
0.3196
0.4562
0.4508
0.4528
0.5848
0.5695
0.6235
0.7211
0.7353
0.8152
0.6751
0.3588
0.3524
0.7087
0.6327
0.6882
0.6672
0.3932
0.4355
0.4004
03325
0.2803
0.2775
0.2490
0.2435
0.2527
0.3610
0.2735
0.2710
0.3032
0.2574
0.2667
0.2325
0.3105
0.3277
0.2752
0.3387
0.3500
0.3840
03737
0.3662
0.3505
0.6095
0.6690
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Appendix B3: continued

Time (hr) Time (hr) Time (hr) Time (hr) Time (hr)
370-372 6324.00 99.15 7.0845 0.7085
376-378 6426.00 100.75 7.3470 0.7347
382-384 6528.00 102.35 4.2270 0.4227
396-398 6766.00 106.08 3.4470 0.3447
400-402 6834.00 107.15 4.0470 0.4047
402-404 6868.00 107.68 4.3995 0.4400
404-406 6902.00 108.22 7.2770 0.7277
406-408 6936.00 108.75 6.7395 0.6740
416-418 7106.00 111.41 7.5495 0.7550
418-420 7140.00 111.95 8.0220 0.8022
424-426 7242.00 113.55 8.5720 0.8572
426-428 7276.00 114.08 7.9845 0.7985
428-430 7310.00 114.61 7.9745 0.7975
430-432 7344.00 115,135 83870 0.8387
438-440 7480.00 117.28 8.0270 0.8027
440-442 7514.00 117.81 £.9470 0.8947
442445 7565.00 118.61 81495 0.8150
445-448 7616.00 119.41 R4145 0.8415
448-450 7650.00 119.94 §.2820 0.8282
451-454 7718.00 121.01 7.4945 0.7495
454-456 7752.00 121.54 7.7795 0.7780
464-467 7939.00 124.47 6.4395 0.6440
467-470 7990.00 125.27 7.2795 0.7280
470-472 8024.00 125.81 73008 0.7301
472-474 8058.00 126.34 71270 0.7127
474-476 8092.00 12687 T o020 0.7002
476-478 8126.00 127.41 6.6743 0.6675
478-480 8160.00 127.94 6.4970 0.6497
486-489 8313.00 120,34 37870 0.5787
489-492 8164.00 13014 3745 0.5775
492-494 §198.00 131.67 82026 0.8202
494-496 8432.00 132.20 4,6095 0.4610
496-498 8466.00 12274 40370 0.4037
498-500 8500.00 13327 43520 0.4352
500-502 8534.00 133.80 4.3870 0.4387
502-504 8568.00 134.34 3.9820 0.3982
510-512 8704.00 136.47 4.1595 0.4160
512-515 8755.00 137,27 4.0845 0.4085
515-518 8806.00 138.07 4.3495 0.4350
518-521 8857.00 138.87 3.9845 0.3985
521-524 8908.00 139.67 4.0220 0.4022
524-526 8942.00 140.20 4.1545 0.4155
526-528 8976.00 140.73 1.9870 0.3987
536-538 9146.00 143.40 3.5270 0.3527
538-540 9180.00 143,93 3.4045 0.3405
546-548 9316.00 146.06 4.1670 04167
550-552 9384.00 147.13 4.3695 0.4370
552-554 9418.00 147.66 4,4795 0.4480
554-556 9452.00 148.20 4.6245 0.4625
556-558 9486.00 148.73 4.2795 0.4280
558-560 9520.00 149.26 4.5070 0.4507
560-562 9554.00 149.80 5.5295 0.5530

562-564 9588.00 150.33 7.0795 0.7080
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Appendix B3: continued

Time (hr) Time (hr) Time (hr) Time (hr) Time (hr)
566-568 9656.00 151.40 11.0145 1.1015
568-570 9690.00 151.93 11.3745 1.1375
570-572 9724.00 152.46 11.0245 1.1025
572-574 9758.00 152.99 4.7345 0.4735
574-576 9792.00 153.53 3.8945 0.3895
576-578 9826.00 154.06 32183 0.3218
586-588 9996.00 156.73 1.2033 0.1203
588-590 10030.00 157.26 1.2683 0.1268
590-592 10064.00 157.79 1.1995 0.1200
592-594 10098.00 158.33 1.0858 0.1086
594-596 10132.00 158.86 0.8695 0.0870
596-598 10166.00 159.39 0.8495 0.0850
598-600 10200.00 159.92 0.6770 0.0677
600-602 10234.00 160.46 0.6908 0.0691
608-610 10370.00 162.59 0.5008 0.0501
610-612 10404.00 163.12 0.4095 0.0410
612-614 10438.00 163.66 0.4445 0.0445
614-616 10472.00 164.19 0.3558 0.0356
616-619 10523.00 164.99 0.4895 0.0490
622-624 10608.00 166.32 0.2533 0.0253
624-626 10642.00 166.85 0.3445 0.0345
632-634 10778.00 168.99 0.2783 0.0278
634-616 10812.00 169.52 0.2620 0.0262
638-641 10897.00 170.85 0.2545 0.0255
641-644 10948.00 171.65 0.2445 0.0245
644-646 10982.00 9 0.3108 0.0311
646-650 11050.00 173.25 0.3420 0.0342
650-653 11101.00 174.05 0.2508 0.0251
653-656 11152.00 174.85 0.2233 0.0223
662-664 11288.00 176.98 0.1658 0.0166
664-666 11322.00 177.52 0.1845 0.0185
666-668 11356.00 178.05 0.1183 0.0118
668-670 11390.00 178.58 0.1870 0.0187
670-672 11424.00 179.12 0.1833 0.0183
672-674 11458.00 179.65 0.1233 0.0123
674-677 11509.00 180.45 0.1070 0.0107
677-680 11560.00 181.25 0.1083 0.0108
684-687 11679.00 183.11 0.0981 0.0098
688-691 11747.00 184.18 0.0995 0.0100
691-694 11798.00 184.98 0.0845 0.0085
694-697 11849.00 185.78 0.1020 0.0102

707-706 12002.00 188.18 0.0795 0.0080
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Appendix B4: Cu in actual leachate transport through KBS-2 column, initial [Cu] = 10 mg I

flow rate : 16.25 mg L™

Time (hr)
0-2
2-8
8-10

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
34-36
36-37
37-38
38-39
3940
4142
42-43
43-44
44-45
45-46
46-47
47-48
48-49
49-50
50-31
51-52
52-58
58-60
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-80
80-82
82-84
84-86
86-88
88-90
90-92
92-94
94-96
96-102
102-104
104-106
106-108
105-110
110-112

Volume (ml)
32.50
130.00
162.50
195.00
227.50
260.00
292.50
325.00
357.50
390.00
422.50
585.00
601.25
617,50
633.75
650.00
682.50
698.73
715.00
731.25
747.50
763,75
TR0.00
796.25
812.50
R28.75
£45.00
942.50
975.00
1007.50
1040.00
1072.50
1105.00
1137.50
1170.00
1202.50
13200.00
1332.50
1365.00
1397.50
1430.00
1462.50
1495.00
1527.50
1560.00
1657.50
1690.00
1722.50
1755.00
1787.50
1820.00

Pore Volume
0.51
2.04
2.55
3.06
3.57
4.08
4.59
5.10
5.61
6.11
6.62
9.17
943
9.65
9.94
10.19
10.70
10.96
.21
11.47
11.72
1197
1223
12.48
12.74
12.99
13.25
14.78
15.29
15.80
16.31
16.82
17.33
17.83
18.34
18.85
20.38
20.89
21.40
21.91
2242
2293
2344
2195

24.46
2599
26.50
27.01
27.52
28.03
2854

C effluent (mg L")
0.0720
2.1970
4.3470
4.7420
5.6870
6.4120
6.6720
7.3020
7.9820
8.5270
9.6420
10.5320
11.0120
11.9270
11.8470
11.9070
49870
11,5620
10.9420
11.2320
10.4770
10.9620
8.1470
13.1470
8.7520
2.1820
1.2720
1.8220
1.1420
0.6233
0.8070
0.8470
1.0520
0.5095
0.4445
0.5295
0.9720
0.3783
0.3145
0.2895
0.3070
0.3108
0.3158
0.2345
0.1308
0.1720
0.1520
0.1120
0.1020
0.0445
0.0458

C/Co
0.0061
0.1875
0.3709
0.4046
0.4852
0.5471
0.5693
0.6230
0.6811
0.7276
0.8227
0.8986
0.9396
10177
1.0108
1.0160
0.4255
0.9%63
09336
0.9584
0.8939
0.9353
0.6951
11218
0.7468
0.1862
0.1085
0.1555
0.0974
0.0532
0.0639
0.0723
0.0898
0.0435
0.0379
0.0452
0.0829
0.0323
0.0268
0.0247
0.0262
0.0265
0.0269
0.0200
0.0112
0.0147
0.0130
0.0096
0.0087
0.0038
0.0039
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Appendix B5: Cr in actual leachate transport through KBS-2 column, initial [Cr] = 10 mg Lt

flow rate : 19.43 mg I

Time (hr)
0-2
24
4-6
6-7
7-8
89

9-11

11-12
12-13
13-14
14-15
15-16
16-17
17-23
23.25
2527
27.29
29.31
31-33
33.35
3537
3739
39-41
4143
49-51
51-55
55-57
57.59

Volume (ml)
38.86
71.712
116.58
136.01
155.44
174.87
213.73
233.16
252.59
272.02
291.45
310.88
210.31
446.89
485.75
524.61
563.47
602.33
641.19
680.05
718.91
757.77
796.63
81549
990.93

1068.65
1107.51
1146.37

Pore Volume
0.61
1.22
1.83
213
2.44
2.74
335
3.66
396
426
457
487
58
7.01
7.62
8.21
a8
9.44
10.05
10.66
.27
11.88
12.49
1310
1554
16.76
17.26
1797

C effluent (mg L)
1.1520
1.3940
1.3420
1.3940
2.1030
2.6540
2.21%0
30110
3.5920
3.8540
5.3880
5.6300
6.1800
7.9400
9.5800
9.0200
9.2200
9.2950
10.2400
8.6000
9.7300
9.5400
8.9900
9.1200 '
1.8363
0.3602
0.1988
0.1063

C/Co
0.1118
0.1353
0.1303
0.1353
0.2042
0.2577
0.2154
0.2923
0.3487
0.3742
0.5231
0.5466
0.6000
0.7709
0.9301
0.8757
0.8951
0.9024
0.9942
0.8350
0.9447
0.9262
0.8728
0.8854
0.1783
0.0350
0.0193
0.0103
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Appendix B6: Zn in actual leachate transport through KBS-3 column, initial [Zn] = 10 mg | 2
flow rate : 20.86 mg L~

Time (hr) Volume (ml) Pore Volume C effluent (mg L) C/Co

0-2 41.72 0.65 0.0000 0.0000
10-12 250.32 3.92 1.0084 0.1053
20-22 458.92 7.20 1.6254 0.1698
28-30 625.80 9.81 21334 0.2228
33-35 730.10 11.45 2.1629 0.225%
44-46 959.56 15.04 0.9229 0.0964
52-54 1126.44 17.66 3.2937 0.3440
58-60 1251.60 19.62 4.6291 0.4835
68-70 1460.20 22.89 6.1097 0.6381
76-78 1627.08 25.51 6.6289 0.6923
90-92 1710.52 26.82 7.9621 0.8316
100-102 1919.12 30.09 7.5936 0.7931
106-108 204428 3205 7.4781 0.7810
114-116 20116 3167 89178 0.9335
124-126 2419.76 794 8.8385 0.9231
130-132 253492 1900 8.2422 0.8712
140-142 275152 4317 9.3762 0.9792
148-150 182040 4379 9.5893 1.0015
156-158 1087.28 4541 9.1397 0.9545
164-166 3125416 51.02 9.1397 0.9545
172-174 3421.04 5364 8.0108 0.8366
178-180 3346.20 55,60 8.8715 0.9265
188-191 31775.66 59.20 8.1345 0.8496
196-198 392].68 6149 8.5415 0.8921
202-204 4046.84 63,43 9.2469 0.9657
212-214 42554 L 9.3652 0.9781
220-223 4442.18 69.66 79792 0.8333
226-218 454748 7130 9.4394 0.9858
235-218 4756.08 74.57 9.4628 0.9883
244-246 492296 77.19 7.4855 0.7818
250-252 3048.12 9.3 9.9403 1.0382
260-262 5256.72 82.42 10.0778 1.0525
268-270 5423.60 8504 10.5417 1.1010
274-276 5548.76 87.00 ’ 10,4518 1.0916
282-284 5715.64 89.61 9.5645 0.9989
286-288 5799.08 90.92 9.7130 1.0144
292-294 592424 9289 10.4060 1.0868
298-300 6049.40 64.83 10.0522 1.0498
306-308 6216.28 97.46 7.2930 0.7617
308-310 6258.00 98.12 7.4362 0.7766
310-312 6299.72 98.77 8.3545 0.8725
314-316 6383.16 100.08 10.2548 1.0710
318-320 6466.60 101.39 99523 1.0394
322-324 6466.60 101.39 4.0288 0.4208
330-332 6631.48 104.01 12.9525 1.3527
3132-334 6675.20 104.66 6.4158 0.6701
334-336 6716.92 105.31 7.1115 0.7427
338-340 6800.36 106.62 7.7413 0.8085
342-344 6883.80 107.93 8.3215 0.8691
346-348 6967.24 109.24 8.1318 0.8493
354-356 7134.12 111.86 5.5275 0.5773

356-358 7175.84 112.51 5.8383 0.6097



Appendix B6: continued

Time (hr)
358-360
362-364
368-370
380-382
382-384
384-386
386-388
392-394
396-398
404-406
408-410
414416
416-418
426428
430-432
434436
442444
444-444
446-448
448-450

451.5-453
453-454
454-455
4355-436
456437
457438
458439
459460
460-461
461406
466467
467468
4638464
469-470
470471
471472
472473
473474
474-475
475-476

476-477.5

477.5-479
479-480
480-481
481-482
482-483
483-484
484-490
490-491
491-492
492-493
493-494
494-495

Volume (ml)
7217.56
7301.00
7426.16
7676.48
7718.20
7759.92
7801.64
7926.80
8010.24
8177.12
8260.56
8385.72
8427.44
8616.04
8719.48
8802.92
£969.80
9011.52
9053.24
9094.96
9178.40
9261.84
9303.56
9428.72
9470.44
9512.16
9553.88
9595.60
9637.32
9679.04
9720.76
9762.48
9804.20
9929.36
9971.08
10012.80
10054.52
10096.24
10137.96
10179.68
10221.40
10263.12
10304.84
10430.00
10471.72
10513.44
10555.16
10596.88
10638.60
10680.32
10722.04
10763.76
10805.48

Pore Volume
113.16
114.47
116.43
120.36
121.01
121.67
122.32
124.28
125.59
128.21
129.52
131.48
132.13
135.40
136.71
138.02
140.64
141.29
141.94
142.60
143,91
145.22
145.87
147.83
148.49
149.14
149.79
150.45
151,10
151.76
152.41
153.06
153.72
155.68
156.34
156.99
157.64
158.30
158.95
159.61
160.26
160.91
161.57
163.53
164.19
164.84
165.49
166.15
166.80
167.46
168.11
168.76
169.42

C effluent (mg L)
6.1793
5.8369
6.1009
5.2829
5.5009
5.5929
6.1189
6.1299
6.7439
6.8489
6.5189
5.9569
5.8169
84529
9.9029
9.8369
9.9689
10,1469
5.1089
10.2169
10.3109
9.0229
8.9729
12.2
113709
7.98%9
6.1529
4.5649
2.7869
21209
1.3069
1.3819
1.1629
1.1599
1.2349
1.1359
1.1719
1.0859
0.9609
1.1839
1.0269
0.8289
0.6489
0.5433
0.6132
0.5988
0.5749
0.5549
0.6164
0.5279
0.4429
0.4834
0.3218

C/Co
0.6454
0.6096
0.6372
0.5517
0.5745
0.5841
0.6390
0.6402
0.7043
0.7153
0.6808
0.6221
0.6075
0.8828
1.0342
1.0274
1.0411
1.0397
0.5336
1.0670
1.0769
0.9421
0.9371
1.2836
1.1876
0.8343
0.6426
0.47638
0.2911
0.2215
0.1363
0.1443
0.121%
0.1211
0.1290
0.1186
0.1224
0.1134
0.1004
0.1236
0.1072
0.0866
0.0678
0.0567
0.0640
0.0625
0.0600
0.0580
0.0644
0.0551
0.0463
0.0505
0.0336
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Appendix B6: continued

Time (hr)
495-496
496-497
497-498
499-500
500-502
502-503
504-506
506-508
508-514
514-515
515-516
516-517
517-518
518-519
519-520
520-521
521-522
524-526
526-528
528-530
530-532
532-538
540-542
542-544
544-546
546-548
548-550
550-552
552-554
554-556
557-559
559-561
561-563
563-565
565-567

Volume (ml)
10972.36
11014.08
11055.80
11097.52
11139.24
11139.24
11201.82
11222.68
11243.54
11264.40
11285.26
11306.12
11326.98
11347.84
11368.70
11389.56
11410.42
11431.28
11452.14
11473.00
11493.86
1153558
11556.44
11577.30
11598.16
11619.02
11639.88
11681.60
11723.32
11765.04
11806.76
11848.48
11869.34
11911.06
12036.22

Pore Volume
172.03
172.69
173.34
174.00
174.65
174.65
175.63
175.96
176.29
176.61
176.94
177.27
177.59
177.92
178.25
178.58
178.90
179,23
179.56
179.88
180.21
180.87
181.19
181.52
181.85
182.17
18250
18315
183.81
184.46
185,12
185.77
186.10
186.75
188.71

C effluent (mg L")
0.5858
0.4621
0.4779
0.6014
0.5154
0.2871
0.3041
0.2573
0.2222
0.2038
0.3201
0.3640
0.2008
0.1116
01230
0.1807
0.1811
01429
0.2809
0.2707
0.2575
0.2509
0.0662
0.1935
0.2349
01,2910
0.2027
0.2028
01463
U.1655
1.4117
0.2642
21219
0.0864
0.0614

CiCo
0.0612
0.0483
0.0499
0.0628
0.0538
0.0300
0.0318
0.0269
0.0232
0.0213
0.0334
0.0380
0.0210
0.0117
0.0128
0.0189
0.0189
0.0149
0.0293
0.0283
0.0269
0.0262
0.0069
0.0202
0.0245
0.0306
0.0212
0.0212
0.0153
0.0173
0.1474
0.0276
0.0138
0.0090
0.0064
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Appendix B7: Cd in actual leachate transport through KBS-3 column, initial [Cd] = 10 mg B

flow rate : 18.89 mg %

Time (hr)
0-2
10-12
20-22
28-30
33-35
44-46
52-54
58-60
68-70
76-78
90-92
100-102
106-108
114-116
124-126
130-132
140-142
148-150
156-158
164-166
172-174
178-180
188-191
196-198
202-204
212-214
220-223
226-228
235-238
244-246
250-252
260-262
268-270
274-276
282-284
292-294
298-300
306-308
3l10-312
316-318
322-324
330-332
334-336
340-342
346-348
354-356
358-360
364-366
372-374
380-382
384-386

Volume (ml)
69.15
258.05
446.95
598.07
692.52
900.31
1051.43
1164.77
1353.67
1504.79
1769.25
1958.15
207149
222261
2411.51
252485
271373
2864.87
301599
36711
en
431 .57
1639.36
1771.59
iss4.01
4073.83
424384
4338.29
4327.19
4678.31
4791.65
4980.55
5131.67
5245.01
5396.13
3585.02
5698.37
5849.49
5925.05
6038.39
6151.73
6302.85
6378.41
6491.75
6605.09
6756.21
6831.77
6945.11
7096.23
7247.35
732291

Pore Volume
1.08
4.05
7.01
9.38
10.86
14.12
16.49
18.26
21.22
23.59
27.74
30.70
R i
3485
3781
39.59
4238
44.92
47.29
49.66
52.03
5380
57.06
59.12
6]
61.87
66.34
63112

70.9%

C effluent (mg L)
0.0000
0.2910
5.5100
4.6900
7.1700
6.2300
8.9600
8.7300
9.7000
9.3700
£.4600
8.9700
7.8400
7.9000
8.3175
8.7800
7.4300
7.9675
8.4800
7.4675
B.5675
4.1550
6.1925
6.2925
5.7550
6.8675
6.0800
6.3175
6.8675
11.8800
12.6300
14.3133
14.9300
29.4967
16.1967
10.5050
10.2550
9.5050
10.0175
9.8675
20.4550
9.4925
10.1800

22.3050
10.7050
9.6425

20.3550
11.1550
11.2550
10.8300
10.8050

C/Co
0.0000
0.0312
0.5899
0.5021
0.7677
0.6670
0.9593
0.9347
1.0385
1.0032
0.9058
0.9604
0.8394
0.8458
0.8905
0.9400
0.7955
0.8531
0.9079
0.7995
09173
0.4449
0.6630
0.6737
0.6162
0.7353
0.6510
0.6764
0.7353

1.2719

1.3522

1.5325

1.5985
3.1581

1.7341

1.1247
1.0980
1.0177
1.0725

1.0565
2.1900

1.0163
1.0899
2.3881
1.1461
1.0324
2.1793
1.1943

1.2050
1.1595
1.1569



Appendix B7: continued

Time (hr)
386-388
396-398
404-406
412-414
426-428
434-436
442-444
444-446
446-448
448-450
452-454
456-458
458-460
160-466
466-468
468-470
470-472
472-474
474-476
476-478
480-482
482-48%4
484-490
490-492
492494
494-496
496-498
498-500
500-502
504-506
306-508
508-514
514-516
516-518
520-522
528-530
530-532
532-534
534-536
536-537
537-538
538-539
539-540
540-541
541-542
542-543
543-544
545-546
546-547
547-548
548-549
549-550

Volume (ml)
7360.69
7549.59
7700.71
7851.83
8116.29
8267.41
8418.53
8456.31
8494.09
8531.87
8607.43
8682.99
8720.77
8834.11
8871.89
8909.67
8947.45
898521
9023.01
9060.79
9136.35
9174.13
9287.47
932525
9363.03
9400.81
9418.59
9476.37
9514.15
9589.71
962749
9740.83
9778.61
9816.29
9891.95
10043.07
10080.85
10118.63
10156.41
10175.30
10194.19
10213.08
10231.97
10250.86
10269.75
10288.64
10307.53
10345.31
10364.20
10383.09
10401.98
10420.87

Pore Volume
115.41
118.37
120.74
123.11
127.25
129.62
131.99
132.59
133.18
133.77
134.96
136.14
136.73
138.51
139.10
139.69
140.29
140.88
141.47
142.06
14325
143.84
145.62
146.21
146.80
147.39
147.99
148.58
149.17
150.36
150.95
152.73
153.32
153.91
155.09
157.46
158.06
158.65
159.24
159.54
159.83
160.13
160.43
160.72
161.02
161.31
161.61
162.20
162.50
162.80
163.09
163.39

C effluent (mgL™")
9.3300
10.7550
11.0550
11.4800
4.5685
6.6100
7.1500
7.1700
7.2500
7.6700
7.4500
7.4900
7.3300
7.0300
7.1100
7.1500
7.5500
0.2925
0.3300
-0.0200
6.9500
7.2500
6.9100
3.9200
1.8600
39100
1.9300
4.5100
8.8000
8.2900
8.3700
10.9300
8.8600
8.6400
8.9200
8.7100
85100
11.5300
11.5800
11.6800
11.6800
11.6300
25.5800
34.0800
35.7300
34.3800
30.5800
17.7300
13.7300
12.5850
11.3800
7.9200

CiCo

0.9989
11515
1.1836
1.2291
0.4891
0.7077
0.7655
0.7677
0.7762
0.8212
0.7976
0.8019
0.7848
0.7527
0.7612
0.7635
0.8084
0.0313
0.03353
-0.0021
0.7441
0.7762
0.7398
0.4197
0.4133
0.4186
0.4208
0.4829
0.9422
0.8876
0.8961
1.1702
0.9486
0.9251
0.9550
0.9325
09111
1.2345
1.2398
1.2505
1.2505
1.2452
2.7388
36488
3.8255
3.6809
32741

1.8983
1.4700
1.3474
1.2184
0.8480
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Appendix B7: continued

Time (hr)
550-551
551-552
552-553
553-554
554-555
555-556
556-557
557-558
559-560
560-561
561-562
562-563
563-365
565-367
367-569
569-571
571-573
573-574
574-576
576-582
582-584
584-586
586-588
588-590
590-592
592-394
594-396
596-598
604-606
606-608
608-610
610-612
612-614
614-616
616-618
618-620
620-622

Volume (ml)
10439.76
10458.65
10477.54
10496.43
10515.32
10534.21
10553.10
10571.99
10609.77
10628.66
10647.55
10666.44
10704.22
10742.00
10779.78
10817.56
10855.34
1087423
10912.01
11025.35
11063.13
1110091
11138.69
11176.47
1121425
11252.03
11289.81
11327.59
11478.71
11516.49
11554.27
11592.05
11629.83
11667.61
11705.39
11743.17
11780.95

Pore Volume
163.68
163.98
164.28
164.57
164.87
165.16
165.46
165.76
166.35
166.65
166.94
167.24
167.83
168.42
169.02
169.61
170.20
170.560
171.09
172.87
173.46
174.05
174.64
17523
175.82
176.42
177.01
177.60
179.97
180.57
18116
181.75
18224
182.94
183.53
184.12
184.71

C effluent (mg L")
6.2000
5.5350
5.3950
45150
42850
4.0350
3.4150
3.0775
1.4700
1.2838
2.7800
6.5233
38825
1.7425
1.8225
14150
1.8214
1.6373
1.5238
1.4600
1.4175
1.5275
1.4938
1.4938
1.2350
1.3012
1.2750
1.2375
11163
1.3559
1.2313
1.2150
1.2023
1.1600
1.1363
1.1612
1.1275

C/Co
0.6638
0.5926
0.5776
0.4834
0.4588
0.4320
0.3656
0.3295
0.1574
0.1374
0.2976
0.6984
0.4157
0.1866
0.1951
0.3656
0.1950
0.1753
0.1631
0.1563
0.1518
0.1635
0.1599
0.1599
0.1344
0.1393
0.1365
0.1326
0.1196
0.1453
0.1219
0.1302
0.1288
0.1243
0.1217
0.1244
0.1208
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Appendix B8: Pb in actual leachate transport through KBS-3 column, initial [Pb] = 10 mg s
flow rate : 18.89 mg L

Time (hr)
0-2
6-8

12-14
20-22
24-26
30-32
36-38
45-48
52-54
58-60
69-72
78-80
84-86
92-94
102-104
110-112
118-120
126-128
136-139
142-144
144-147
150-152
160-162
168-170
174-176
184-186
192-195
200-202
202-204
210-212
218-221
227-229
232-234
240-242
246-248
256-258
260-262
266-268
272-274
282-284
286-288
292-294
298-300
308-310
312-314
318-320
324-326
334-336
340-342
342-344
352-354

Volume (ml) *
36.00
144.00
252.00
396.00
468.00
576.00
684.00
864.00
972.00
1080.00
1296.00
1440.00
1548.00
1692.00
1872.00
2016.00
2160.00
2304.00
2502.00
2592.00
2646.00
2736.00
2916.00
3060.00
3168.00
3348.00
3510.00
3636.00
3672.00
3816.00
3978.00
4122.00
4212.00
4356.00
4464.00
4644.00
4716.00
4824.00
4932.00
5112.00
5184.00
5292.00
5400.00
5580.00
5652.00
5760.00
5868.00
6048.00
6156.00
6192.00
6372.00

Pore Volume
0.56
226
395
6.21
7.34
9.03
10.72
13.55
15.24
16.93
20.32
22.58
2427
26.53
2935
L6l
1187
36.12
1923
40.64
41.49
4290
45.72
47.98
49.67
52.49
55.02
57.01
57.57
59.83
62.37
64.63
66.04
68.30
69.99
72.81
73.94
75.63
77.33
80.15
81.28
8297
84.67
87.49
88.62
90.31
92.00
94.83
96.52
97.08
99.91

C effluent (mg L")
0.0725
1.5558
0.1108
0.8070
1.9270
2.2358
2.9995
3.5308
33133
3.4995
54270
5.2908
6.0770
5.4158
4.0745
5.2643
4.7733
29145
2.8770
5.0803
1523,
7.0870
6.3270
6.8820
6.6720
1.9520
413351
4.0037
2125
2.8053
2.7753
2.4903
1.63513
1.5503
3.6053
33537
33770
24787
2.6753
28137
21370
3.3637
2.7995
2.3220
29545
2.9445
3.4345
3.4470
3.8520
2.7445
3.5020

C/Co
0.0073
0.1510
0.0108
0.0783
0.1871
02171
0.2912
0.3428
03217
0.3398
0.5269
0.5137
0.5900
0.5258
0.3956
0.5111
0.4634
0.2830
0.2793
0.4932
0.3524
0.7087
0.6327
0.6882
0.6672
0.3952
0.4355
0.4004
0.3325
0.2805
0.2775
0.2490
0.1588
0.1505
0.3500
0.3256
0.3279
0.2406
0.2597
0.2732
0.3046
0.3266
0.2718
0.2254
0.2868
0.2859
0.3334
0.3347
0.3740
0.2665
0.3400



Appendix B8: continued

Time (hr)
354-357
360-362
366-368
372374
380-382
382-384
384-386
388-390
398-400
400-402
402-404
404-406
408-410
410-412
418-420
420-424
424-427
427-420
430-433
433-436
446-449
449452
452-454
454-456
456-458
438-460
460-462
472475
475478
478-482
482-484
484-486
436-488
488-490
492-494
494-497
497-500
500-502
502-504
504-506
506-508
508-510
522-524
524-526
526-528
528-530
530-532
532-534
534-536
536-538
538-540
540-542

Volume (ml)
6426.00
6516.00
6624.00
6732.00
6876.00
6912.00
6948.00
7020.00
7200.00
7236.00
7272.00
7308.00
7380.00
7416.00
7360.00
7632.00
7686.00
7740.00
7794.00
7848.00
8082.00
8136.00
8172.00
8208.00
8244.00
RI80.00
8316.00
8550.00
S604.00
8676.00
871200
8748.00
$784.00
8820.00
8892.00
8946.00
9000.00
9036.00
9072.00
9108.00
9144.00
9180.00
9432.00
9468.00
9504.00
9540.00
9576.00
9612.00
9648.00
9684.00
9720.00
9756.00

Pore Volume
100.75
102.16
103.86
105.55
107.81
108.37
108.94
110.07
112.89
113.45
114.02
114.58
115.71
116.27
118.53
119.66
120.51
121.35
122.20
123.05
126.72
127.56
128.13
128.69
129.26
129.82
130.39
134.05
134.90
136.03
136.59
137.16
137.72
138.29
139.42
140.26
141.11
141.67
142.24
142.80
143.37
143.93
147.88
148.45
149.01
149.58
150.14
150.71
151.27
151.83
152.40
152.96

C effluent (mg L)
4.1520
2.5570
2.9095
5.9220
5.5720
5.1795
5.6920
5.3520
6.3345
6.8095
6.9120
7.1620
7.4970
7.1220
7.3145
5.5020
7.2970
7.05935
7.3820
5.8595
5.9070
6.4170
6.7045
6.4270
6.3970
5.7345
5.7120
4.7470
44770
5.3845
3.2320
6.5420
3.2795
31.4745
2.7395
2.6345
3.9345
3.2295
3.2295
3.3395
3.0595
2.7645
2.9595
kA i
2.8595
2.6195
37220
3.6395
3.8370
3.9520
3.7470
3.9570

CiCo
0.4031
0.2483
0.2825
0.5750
0.5410
0.5029
0.5526
0.5196
0.6150
0.6611
0.6711
0.6953
0.7279
0.6915
0.7101
0.5342
0.7084
0.6854
0.7167
0.5689
0.5735
0.6230
0.6509
0.6240
0.6211
0.5567
0.5546
0.4609
0.4347
0.5228
0.3138
0.6351
0.3184
0.3373
0.2660
0.2558
0.3820
03135
0.3135
0.3242
0.2970
0.2684
0.2873
0.3604
02776
0.2543
0.3614
0.3533
0.3725
0.3837
0.3638
0.3842
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Appendix B8: continued

Time (hr)
544-546
546-548
548-550
550-552
552-554
554-556
556-558
558-560
562-564
570-572
572-574
574-576
576-378
578-580
580-582
582-584
584-586
586-588
594-596
596-598
598-600
600-602
602-605
605-608
605-610
610-612
618-620
620-622
622-625
625-628
628-630
630-634
634-637
646-648
650-652
652-654
654-656
656-638

Volume (ml)
9828.00
9864.00
9900.00
9936.00
9972.00
10008.00
10044.00
10080.00
10152.00
10296.00
10332.00
10368.00
10404.00
10440.00
10476.00
10512.00
10548.00
10584.00
10728.00
10764.00
10§00.00
10836.00
10890.00
10944.00
10980.00
11016.00
11160.00
11196.00
11250.00
11304.00
11340.00
1141200
11466.00
11664.00
11736.00
11772.00
11808.00
11844.00

Pore Volume
154.09
154.66
155.22
155.79
156.35
156.91
157.48
158.04
159.17
161.43
161.99
162.56
163.12
163.69
164.25
164.82
165.38
165.93
168.20
168.77
169.33
169.90
170.74
171.59
172.15
172.72
174.98
175.54
176.39
177.23
177.80
178.93
179.77
182,88
184.01
184.57
185.14
185.70

C effluent (mg L")
3.6395
3.6895
5.6920
6.7695
18.7870
24.6526
24.4995
14.9495
7.1570
2.6558
2.0633
1.7258
1.6693
1.2458
1.1745
1.1208
0.7483
0.9532
0.5245
0.3533
0.4345
0.3783
0.4495
0.4170
0.5070
0.5245
0.1908
0.2070
0.2193
0.3408
0.2783
0.2870
0.2108
0.21244
0.4220
0.3058
0.1370
0.1895

C/Co
0.3533
0.3582
0.5526
0.6572
1.8240
23935
23786
1.4514
0.6949
0.2578
0.2003
0.1675
0.1621
0.1307
0.1140
0.1088
0.0726
0.0925
0.0509
0.0343
0.0422
0.0367
0.0436
0.0405
0.0492
0.0509
0.0185
0.0201
0.0310
0.0331
00270
0.0279
0.0302
0.0315
0.0410
0.0297
0.0133
0.0184
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Appendix B9: Cu in actual leachate transport through KBS-3 column, initial [Cu] = 10 mg B
flow rate : 17.25 mg L

Time (hr) Volume (ml) Pore Volume C efMuent (mg L") C/Co
0-2 17.00 027 0.1670 0.0142
2-8 120.50 1.89 2.4070 0.2054
8-10 155.00 243 29270 0.2497

10-12 189.50 297 4.5520 0.3884
14-16 258.50 4.05 42120 0.3594
16-18 293.00 459 5.7870 0.4938
20-22 362.00 5.68 4.7370 0.4042
2224 396.50 6.22 5.2820 0.4507
24-26 431.00 6.76 7.2220 0.6162
26-34 569.00 8.92 7.9070 0.6747
36-38 638.00 10.00 8.1070 0.6917
38-40 672.50 10.54 9.3570 0.7984
40-42 707.00 1108 9.8370 0.8393
42-44 741.50 11.63 9.4520 0.8065
44-46 776.00 1217 10.9420 0.9336
46-48 810.50 12.71 12,1170 1.0339
48-49 823775 12,98 9.4870 0.8095
49-50 £45.00 13.25 113270 0.2839
50-51 862.25 13.52 7.8170 0.6670
57-59 1000.25 15.68 3.9120 0.3338
59-61 103475 16.22 1.7220 0.1469
61-63 1069 23 16.76 1.1820 0.1009
63-65 1103.75 17.31 0.1595 0.0136
65-67 1138.25 17.85 0.7383 0.0630
67-69 117275 1839 0.4608 0.0393
69-71 1207.25 1893 1.0845 0.0925
71-73 1241.75 C19.47 0.3820 0.0326
73-75 1276.35 20001 0.3632 0.0310
75-81 1379.75 2162 27520 0.2348
81-83 1414.25 2247 0.9031 0.0771
83-85 1448.75 2.7 0.6033 0.0515
85-87 148125 2326 0.2883 0.0246
87-89 1517.75 21380 0.5008 0.0427
91-93 1586.75 24.88 0.2170 0.0185
9395 1621.25 2542 0.1445 0.0123
9597 1635.75 2596 0.0633 0.0054
97-103 1759.25 27.58 0.0320 0.0027
103-105 1793.75 28.12 0.0033 0.0003
105-107 1828.25 28.66 0.0895 0.0076
107-109 1862.75 29.21 0.0000 0.0000
109-111 1897.25 29.75 0.0000 0.0000

11-113 1931.75 30.29 0.0000 0.0000
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Appendix B10: Cr in actual leachate transport through KBS-3 column, initial [Cr] = 10 mg I

flow rate : 18 mg G

Time (hr)
0-2
2-4
4-6
6-7
7-8
89

9-11

11-12
12-13
13-14
14-15
15-16
i6-17
17-23
23.25
25.27
27.29
29-31
31-33
33.35
3537
17.39
39-41
4143
1345
45-47
4749
49-51
5133
5355
55-57
57-59
59-61
61-63
63-65
65-67
67-69
69-71
71-73
73.75
75-77

Volume (ml)
36.00
72.00
108.00
126.00
144,00
162.00
198.00
234.00
270.00
306.00
142.00
360.00
378.00
486.00
322,00
558.00
30400
630.00
666.00
702.00
73R.00
774.00
810.00
846.00
882,00
918.00
954.00
490,00

1026,00
L1600
1152.00
1185.00
1224.00
1260.00
1296.00
13122.00
1368.00
1404.00
1440.00
1476.00
1512.00

Pore Yolume
0.56
1.13
1.69
1.98
226
254
310
3.67
423
4.80
5.36
5.64
593
7.62
8.18
8.75
931
9.88
10.44
11.01
11.57
12.14
12,70
13.26
1383
1439
14.96
15.52
16.09
17.50
18.06
18.63
19.19
19.76
20.32
20.88

21.45
22.01
22,58
23.14
23.71

C effluent (mg L)
0.0000
0.0000
0.0000
-0.0010
0.8690
0.4580
1.7790
1.9990
2.1880
2.4760
3.2900
3.0290
2.7600
4.3050
4.7730
5.1980
5.4120
~ 5.5450
5.7350
5.4470
5.9470
6.7480
6.2150
6.3470
7.4700
£.0700
8.1870
8.3700
8.7800
9.2700
9.4800
10.1700
10.2700
10.1900
10.2800
10.0700
9.9600
3.5850
1.5900
1.2655
0.6100

CiCo
0.0000
0.0000
0.0000
0.0000
0.0844
0.0445
0.1727
0.1941
0.2124
0.2404
0.2194
0.2941
0.3650
0.4180
04634
0.5047
05254
0.5383
0.5568
0.5288
05774
0.6351
0.6034
6162
0.7252
0.7835
0.7949
0.8126
0.8524
V5000
0.9204
0.9874
0.9971
0.9893
0.9981
09777
0.9670
0.3481
0.1544
0.1229
0.0592



Appendix B11: Cr in competitive metals synthetic leachate transport through KBS-2 column,

initial [Cr] = 10 mg L', flow rate : 22.8 mg G

Time (hr)
0-2
2-4

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
36-39
942
42-44
44-46
46-48
48-50
50-52
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-76
82-84
£4-86
86-88
83-90
90-92
92-94
9496
96-98
104-106
114-116
119-121

Volume (ml)
45.60
91.20
273.60
319.20

364.80
410.40
456.00
501.60
547.20
592.80
638.40
889.20
957.60
1003.20
1048.80
1094.40
1140.00
1185.60
1413.60
1459.20
1504.80
1550.40
1596.00
1641.60
1687.20
1732.80
1915.20
1960.80
2006.40
2052.00
2097.60
2143.20
2188.80
2234.40
2416.80
2644.80
2758.80

Pore Volume
0.71
1.43
429
5.00
5.72
6.43
7.15
7.86
8.58
9.29
10.01
13.94
15.01
15.73
16.44
17.16
17.87
18.59

216
2288
23.59
24.31
25.02
2574
26.43
27.17
30.03
30.74
31.46
3217
32.89
33.60
3432
35.03
37.89
41.47
4325

C effluent (mg L)
0.0000
0.0000
0.2296
1.5525
0.2913
3.7150
4.8075
4.0750
5.4325
5.6863
6.0491
6.5113
5.7150
6.2113
6.7600
5.5588
6.9138
7.3675
8.0563
7.9975
7.8450
6.5012
7.1900
7.4750
6.938%
8.7300
7.4463
8.5673
8.9900
8.2615
9.3000
9.4700
8.6488
8.3838
8.7538
8.7225
2.7975

C/Co
0.0000
0.0000
0.0250
0.1689
0.0317
0.4042
0.5231
0.4434
0.5911
0.6187
0.6582
0.7085
0.6219
0.6759
0.7356
0.6049
0.7523
0.8017
0.8766
0.8702
0.8536
0.7074
0.7824
0.8134
0.7550
0.9499
0.8102
0.9321
0.9782
0.8991
1.0120
1.0303
0.9411
0.9123
0.9525
0.9491
0.3044
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Appendix B12: Cu in competitive metals synthetic leachate transport through KBS-2 column,
initial [Cu] = 10 mg L', flow rate : 22.8 mg L”

Time (hr)
0-2
24

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
36-39
942
4244
446
46-48
48-50
50-52
60-62
62-64
64-66
66-68
68-70
70-72
7274
74-76
82-84

Volume (ml)
45.60
91.20
273.60
319.20
364.80

410.40
456.00
501.60
547.20
592.80
638.40
889.20
957.60
1003.20
1048.80
1094.40
114000
1185.60
1413.60
1459.20
1504.80
155040
1596.00
1641.60
1687.20
1732.80
1915.20

Pore Volume
0.71
1.43
429
5.00
572
6.43
7.15
7.86
8.58
9.29
10.01
13.94
15.01
15.73
16,44
17.16
17.87
18.59

22.16
2288
2159
2431
25.02
25.74
26.45
1.7
30.02

C effluent (mg L™)
0.3900
1.0900
2.3388
4.1625
6.4875
8.8875
11.3250
8.9875
13.3407
14.4375
14.6125
15.7875
12.1750
139125
15.6375
11.0625
14.9000
12.8875
14.6250
14.3250
14.0875
149375
12.4125
14.8500
14.9000
14,9875
14.0125

CiCo
0.0397
0.1109
0.2380
0.4237
0.6603
0.9046
1.1527
0.9148
1.3578
1.4695
1.4873
1.6069
1.2392
1.4160
1.5916
1.1260
1.5165
13117
1.4885
1.4580
1.4338
1.5204
1.2634
15115
1.5165
1.5254
1.4262



229

Appendix B13: Cd in competitive metals synthetic leachate transport through KBS-2 column,
initial [Cd] = 10 mg L', flow rate : 22.8 mg L

Time (hr)
02
24

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
26-39
942
424
44.46
46-48
48-50
50-52
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-76
82-84
£4-86
86-88
B8-90
90-92
92-94
94-96
96-98
104-106
114-116
119-121
127-129
137-139
143-145
148-150
151-153
160-163
167-169
175-177
185-187
191-193
199-201
228-230
234-236
242-244

Volume (ml)
45.60
91.20
273.60

319.20
364.80
410.40
456.00
501.60
547.20
592.80
638.40
889.20
937 60
1003.20
1048.80
109440
114000
1185.60
1413.60
1459.20
1504.80
153040
1596.00
1641.60
16x7.20
1732.80
1915.20
19641,80
2006.40
20320
2097.60
214320
2188.80
223440
2416.80
2644.80
2735880
2941.20
3169.20
3306.00
3420.00
3488.40
3716.40
3853.20
4035.60
4263.60
4400.40
4582.80
5244.00
5380.80
5563.20

Pore Volume
0.71
1.43
429
5.00
572
6.43
7.15
7.86
8.58
9.29
10.01
13.94
15.01
15.73
16.44
17.16
17.87
18.59

2216
2288
2359
2431
25.02
25.74
26.45
27.17
30.03
30.74
1146
3217
1289
33.60
1432
35.03
37.89
41.47
43.25
46.11
49.69
51.83
53.62
54.69
58.27
60.41
63.27
66.85
68.99
71.85
82.22
8437
87.22

C effluent (mg L)
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0038
0.0000
0.0013
0.0050
0.0000
0.0038
0.0013
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0175
0.0413
0.0650
0.1088
0.1763
0.2225
0.3225
0.6725
0.8750
0.9563
1.1750
1.3788
1.6150
1.6288
1.8250
4.4000
5.6125
3.5500
1.9500
5.0125
5.4250
6.9625
§.3530
10.1500
11.1500
10.5750
12.0875
12.5125
12.1875
12.2500
12.6875
12,7250

CiCo
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0004
0.0000
0.0001
0.0005
0.0000
0.0004
0.0001
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0018
0.0042
0.0065
0.0109
00177
0.0224
0.0325
0.0677
0.0881
00963
01183
0.1388
0.1626
0.1639
0.1837
0.4429
0.5649
0.3573
0.3976
0.5045
0.5460
0.7008
0.8408
1.0216
1.1223
1.0644
1.2167
1.2594
1.2267
1.2330
1.2771
1.2808



Appendix B13: continued

Time (hr)
250-252
258-260
268-270
278-280
292-294
294-296
302-304
308-310
316-318
318-320
326-328
332-334
340-342

Volume (ml)
5745.60
5928.00
6156.00
6384.00
6703.20
6748.80
6931.20
7068.00
7250.40
7296.00
7478.40
7615.20
7797.60

Pore Volume
90.08
92.94
96.52
100.09
105.10
105.81
108.67
110.82
113.68
114.39
117.25
119.40
122.26

C effluent (mg L)
12.9875
14.0000
14.3250
14.4000
14.1375
14.2625
15.1183
14.2625
14.7000
14.0750
12.5000
14.0375
13.9500

C/Co

1.3072
1.4092
1.4419
1.4494
1.4230
1.4356
1.5217
1.4356
1.4796
1.4167
1.2582
1.4129
1.4041
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Appendix B14: Zn in competitive metals synthetic leachate transport through KBS-2 column,
initial [Zn] =10 mg L', flow rate : 22.8 mg L™

Time (hr)
0-2
24

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
36-39
3942
42-44
44-46
46-48
48-50
50-52
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-76
82-84
84-86
86-88
88-90
90-92
92-94
94-96
96-98
104-106
114-116
119-121
127-129
137-139
143-145
148-150
151-153
160-163
167-169
175177
185-187
191-193
199-201
228-230
234-236
242-244

Volume (ml)
45.60
91.20
273.60
319.20
364.80

410.40
456.00
501.60
547.20
592.80
638.40
889.20
957.600
1003.20
1048.80
1094.40
1140.00
1185.60
1412.60
1459.20
1504.80
1530.40
1596.00
1641.60
1687.20
1732.80
1915.20
196050
200640
2052.00
2097.60
2143.20
2188.80
2234.40
2416.80
2644.80
2758.80
2941.20
3169.20
3306.00
3420.00
3488.40
3716.40
3853.20
4035.60
4263.60
4400.40
4582.80
5244.00
5380.80
5563.20

Pore Volume
0.71
1.43
429
5.00
572
6.43
7.15
7.86
8.58
9.29
10.01
12.94
1501
15,73
16.44
17.16
17.87
18.59

22,16
22.88
23,59
2431
2502
374
26,45
2L17
30,03
4,74
146
3217
1289
3160
3432
35.03
37.89
4147
4325
46.11
49.69
51.83
5162
54.69
58.27
60.41
63.27
66.85
68.99
71.85
82.22
84.37
87.22

C effluent
(mgL")
Inms
4.1613
0.7773
0.7246
0.7353
0.7080
0.7243
0.5129
0.6593
0.6324
0.5381
0.3465
.2989
0.2951
0.3091
0.2300
0.2536
0.2604
0.2498
0.2744
0.2578
0.2146
0.2581
0.3861
0.2156
0.2211
0.2275
0.2401
0.2549
02170
0.2420
0.2499
0.2315
0.2299
0.2365
0.2489
0.6361
0.2666
0.2628
0.2306
02234
02242
0.2141
0.2171
0.1918
0.1684
0.1696
0.1698
0.1798
0.1904
0.2244

C/Co
0.3931
0.4400
0.0822
0.0766
0.0777
0.0749
0.0766
0.0542
0.0697
0.0669
0.0569
0.0366
0.0316
0.0312
0.0327
0.0243
0.0268
0.0275
0.0264
0.0290
0.0273
0.0227
0.0273
0.0408
0.0228
0.0234
0.0241
0.0254
0.0270
0.0229
0.0257
0.0264
0.0245
0.0243
0.0250
0.0263
0.0673
0.0282
0.0278
0.0244
0.0236
0.0237
0.0226
0.0230
0.0203
00178
0.0179
0.0179
0.0190
0.0201
0.0237



Appendix B14: continued

Time (hr)
250-252
258-260
268-270
278-280

292-294
294-296
302-304
308-310
316-318
318-320
326-328

342-344
350-352
356-358
164-266
372.375
380-382
188-290
190-393
398-400
104-406
114-416
420422
424.426
130432
440-442
146448
152.454
460-462
162-464
166-468
472474
476478
484-486
488-490
492-494
500-502
510-512
512-514
514-516
518-520

Yolume (ml)
5745.60
5928.00
6156.00
6384.00

6703.20
6748.80
6931.20
7068.00
7250.40
7296.00
7478.40
7615.20
7797.60
T843.20
8025.60
816240
834480
$3350.00
8709.60
$892.00
8960.40
9120.00
9256.80
945480
9621.60
9712.80
9849.60
HOT7.60
lizi4.40
16351.20
10533.60
10379.20
10670.40
10807.20
10898.40
11080.80
11172.00
11263.20
11445.60
11673.60
11719.20
11764.80
11856.00

Pore Volume
90.08
92.94
96.52
100.09

105.10
105.81
108.67
110.82
113.68
114.39
117.25
119.40
122.26
122.97
125.83
127.98
130.84
134.05
136.56
139.42
140.49
142.99
145.14
148.71
150.86
152.29
154.43
158.01
160.15
162.30
165.16
165.87
167.30
169.44
170.87
173.73
175.16
176.59
179.45
183.03
183.74
184.46
185.89

C effluent (mg L)
0.2576
0.3020
0.3819
0.4668

0.6908
0.8936
1.0894
0.6793
1.3535
2.7500
1.5950
1.5950
2.0268
1.5200
2.3075
2.4560
2.6600
3.9105
8.4453
4.7328
4.9555
24503
4.9638
5.6925
5.7420
5.7090
5.9043
6.2750
6.6600
6.8150
7.8150
8.3575
8.1400
8.3475
9.1450
8.6350
8.7050
8.3600
8.8250
9.0250
8.7125
9.0075
8.5025

CiCo
0.0272
0.0319
0.0404
0.0494

0.0730
0.0945

“0.1152

0.0718
0.1431
0.2908
0.1687
0.1687
0.2143
0.1607
0.2440
0.2597
02812
0.4135
0.8930
0.5004
0.5240
0.2591
0.3249
0.6019
0.6072
0.6037
0.6243
(L6635
0.7042
0.7206
0.8264
0.8837
0.8607
0.8827
0.9670
09131
0.9205
0.8840
0.9332
0.9543
09213
0.9525
0.8991
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Appendix B15: Pb in competitive metals synthetic leachate transport through KBS-2 column,

initial [Pb] = 10 mg L', flow rate : 22.8 mg L™

Time (hr)
0-2
24

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
36-39
19.42
12-4
44-46
46-48
48-50
50-52
60-62
62-64
64-66
66-63
68-70
70-72
72.74
7376
82-84
R4-86
86-88
$8-90
90-92
92-94
94-96
96-98
104-106
114-116
119-121
127-129
137-139
143-145
148-150
151-153
160-163
167-169
175-177
185-187
191-193
199-201
228-230
234-236
242-244

Volume (ml)
45.60
91.20
273.60
319.20
364.80
410.40
456.00
501.60
547.20
592.80
638.40
889.20
957.60

1003.20
1048.80
1094.40
1140.00
1185.60
1413.60
1459.20
1504.80
1550.40
1596.00
1641.60
1687.20
1732.80
1915.20
1960.80
2006.40
2052.00
2097.60
2143.20
2188.80
2234.40
2416.80
2644.80
2758.80
2941.20
3169.20
3306.00
3420.00
3488.40
3716.40
3853.20
4035.60
4263.60
4400.40
4582.80
5244.00
5380.80
5563.20

Pore Volume
0.71
1.43
429
5.00
5.72
6.43
715
7.86
8.58
9.29
10.01
13.94
15.01
15.73
16.44
17.16
17.87
18.59

2216
22.88
23.59
24.31
2502
2574
2645
27.17
30.03
30.74
11.46
3217
32.89
3360
3432
35.03
37.89
41.47
43.25
46.11
49.69
51.83
53.62
54.69
5827
60.41
63.27
66.85
68.99
71.85
8222
8437
87.22

C effluent (mg L)
0.2538
0.2175
0.1150
0.1025
0.1688
0.2763
0.2075
0.2188
0.2463
0.0638
0.0590
0.1913
0.1850
0.2238
0.2363
0.2713
0.3188
03113
0.2850
0.3163
0.3463
0.3100
0.4563
0.2188
0.1100
0.0925
02175
0.2650
0.2375
0.2263
0.2500
0.2513
0.2761
0.3038
0.2613
0.3325
0.3380
0.3438
0.3263
0.2888
0.2850
0.2437
0.3463
0.3738
0.4250
0.5113
0.5000
0.5088
0.2575
02513
0.3225

CiCo
0.0269
0.0230
0.0122
0.0109
0.0179
0.0292
0.0220
0.0232
0.0261
0.0067
0.0062
0.0202
0.0196
0.0237
0.0250
0.0287
0.0337
0.0330
0.0302
0.0335
0.0367
0.0328
0.0483
0.0232
0.0116
0.0098
0.0230
0.0281
0.0251
0.0240
0.0265
0.0266
0.0292
0.0322
0.0277
0.0352
0.0358
0.0364
0.0345
0.0306
0.0302
0.0258
0.0367
0.0396
0.0450
0.0541
0.0529
0.0539
0.0273
0.0266
0.0341
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Appendix B15: continued

Time (hr)
250-252
258-260
268-270
278-280
292-294
294-296
302-304
308-310
316-318
318-320
326-328
332-334
340-342
342-344
150-152
356-158
164-166
172175
380-182
188-390
390-393
398-400
404-406
414416
420-422
424-426
430-432
440-442
446-448
452-454
460-462
462-464
466-468
472-474
476478
484-486
488-490
492494
500-502
510-512
512-514
514-516
518-520
520-522
524-526
534-536
538-540
542-544
554-556
558-560
562-564
566-568
570-572

Volume (ml)
5745.60
5928.00
6156.00
6384.00
6703.20
6748.80
6931.20
7068.00
7250.40
7296.00
7478.40
7615.20
7797.60
7843.20
8025.60
8162.40
834480
8530.00
8709.60
8892.00
8960.40
9120.00
9256.80
9484.80
9621.60
9712.80
9849.60
10077.60
10214.40
10351.20
10533601
10579.20
10670.40
10807.20
10898.40
11080.80
11172.00
11263.20
11445.60
11673.60
11719.20
11764.80
11856.00
11901.60
11992.80
12220.80
12312.00
12403.20
12676.80
12768.00
12859.20
12950.40
13041.60

Pore Volume
90.08
92.94
96.52
100.09
105.10
105.81
108.67
110.82
113.68
114.39
117.25
119.40
122.26
12297
125.83
127.98
130.84
134,03
136.56
119.42
140.49
142.99
145.14
145.71
150.86
15229
1534.43
158.01
160,15
162.30
165,16
165.87
167.20
169.44
170.87
173.73
175.16
176.59
179.45
183.03
183.74
184.46
185.89
186.60
188.03
191.61
193.04
194.47
198.76
200.19
201.62
203.05
204.48

C effluent (mg L™)
0.4513
0.5113
0.6800
0.2738
0.3413
0.3650
0.7208
0.9288
1.9725
2.1725
1.3263
0.3625
0.8325
04613
0.9950
1.2800
1.4950
1.7850
0.7825
0.5450
0.5875
0.2700
0.3325

.2550
0.6050
0.6345
0.6875
0.7675
0.7475
0.6173
1.3475
0.2523
0.0575
0.0000
0.0000
0.0000
0.0000
0.0000
0.3800
0.2225
0.2475
0.3050
0.2220
0.1825
0.2000
0.3100
0.1575
0.1350
0.0300
0.2000
0.0250
0.0375
0.0500

CiCo
0.0478
0.0541
0.0720
0.0290
0.0361
0.0386
0.0763
0.0983
0.2088
0.2300
0.1404
0.0384
0.0881
0.0488
0.1053
0.1355
0.1583
0.1890
0.0828
0.0577
0.0622
0.0286
0.0352
0.0270
0.0640
0.0693
0.0728
0.0813
0.0791
0.0654
0.0368
0.0267
0.0061
0.0000
0.0000
0.0000
0.0000
0.0000
0.0402
0.0236
0.0262
0.0323
00235
0.0193
0.0212
0.0328
0.0167
0.0143
0.0032
0.0212
0.0026
0.0040
0.0053

234



Appendix B15: continued

Time (hr)
578-580
582-584
586-588
590-592
594-596
604-606
608-610
616-618
624-626
628-630
630-632
634-636
642-644
648-650
656-638
660-662
668-670
674-676
680-682
692-694
698-700
704-708
716-718

722724

741-744
748-750
754756
758-760

Volume (ml)
13224.00
13315.20
13406.40
13497.60
13588.80
13816.80
13908.00
14090.40
14272.80
14364.00
14409.60
14500.80
14682.20
1482000
1500240
15092.60
1527600
15412.80
15549.60
15823.20
15960.00
16142.40
16370.40
16307.20
1664400
1673520
16963.20
17100.00
1723680
1732800

Pore Volume
207.34
208.77
210.20
211.63
213.06
216.63
218.06
220.92
223.78
225.21
22593
227.36
230.22
23236
235.22
236.65
219.51
241.66
24380
248.09
250.24
253.10
256.67
258.81
260.96
262.39
265.96
268.11
270.25
271.68

C effluent (mg L)
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

CiCo
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

" 0.0000

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
10000
0.0000
0.0000
0.0000
0.0000
0.0000

235



Appendix B16: Cr in competitive metals synthetic leachate trans
initial [Cr] = 10 mg L', flowrate: 19.23 mgL’

Time (hr)
0-2
24

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
36-39
e
4244
44-46
46-48
48-30
50-52
60-62
62-64
64-66
66-68
68-70
70-72
T.74
74-76
8284
S-86
6-88
88-90
90-92
92-94
94.96
96-98
104-106
114-116
119-121
127-129
137-139
143-145
151-153
160-163
167-169
175-177
185-187
191-193
199-201
202-204
228-230
234-236
242-244

Volume (ml)
38.46
76.92
230.76
269.22

307.68
346.14
384.60
423.06
461.52
499.98
538.44
749.97
807.66
846.12
884.58
923.04
961.50
999,96
1192.26
1230.72
1269.18
1307.64
1346.10
138456
1423.02
1461.48
1615.32
1653.78
1692.24
1730.70
1769.16
1807.62
1846.08
1884.54
2038.38
2230.68
2326.83
2480.67
267297
278835
2942.19
313449
3249.87
3403.71
3596.01
371139
3865.23
3922.92
4422.90
4538.28
4692.12

Pore Volume
0.60
1.21
3.62
422
482
5.43
6.03
6.63
7.24
7.84
8.44
11.76
12.66
13.27
1387
14.47
15.08
15.68
18.69
19.30
19.90
20.50
21.11
2171
22131
2291

2533
2593
26.53
27.14
27.74
28.34
2894
29.55
31.96
3497
36.48
38.89
4191
43.72
46.13
49.15
50.95
53.37
56.38
58.19
60.60
61.51
69.35
71.16
73.57

C effluent (mg L)
0.0000
0.0203
0.0000
0.6731
1.0323
1.0716
1.2925
1.6163
2.0725
2.3788
4.0613
27125
4.2038
4.2375
4.6250
4.8888
51738
5.2257
5.9475
6.4163
6.3918
6.7463
6.5075
6.8088
6.6188
6.7518
6.0700
6.4625
63800
6.2425
6.6925
6.6925
6.5163
6.8000
8.2513
8.4300
8.2500
6.4638
7.3750
7.3000
9.2000
9.2050
7.9988
34388
7.9800
6.6400
7.5213
8.0163
7.9738
7.7613
8.1825

Port through KBS-3 column,

CiCo
0.0000
0.0022
0.0000
0.0732
0.1123
0.1166
0.1406
0.1759
0.2255
0.2588
0.4419
0.2952
0.4574
04611
0.5033
0.5320
0.5630
0.5686
0.6472
0.6982
0.6957
0.7341
0.7081
0.7409
0.7202
0.7349
0.6605
1.7032
0.6942
0.6793
0.7282
0.7282
0.7091
0.7399
0.8979
0.9195
0.8977
0.7033
0.8025
0.7943
1.0011
1.0016
0.8704
0.3742
0.8683
0.7225
0.8184
0.8723
0.8677
0.8445
0.8904
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Appendix B17: Cu in competitive metals synthetic leachate trans
initial [Cu] = 10 mg L, flow rate : 19.23 mgL”

Time (hr)
0-2
2-4

10-12
12-14
14-16
16-18
18-20
20-22
22-24
24-26
26-28
36-39
39-42
42-44

46-48
48-50
50-52
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-76
82-84

Volume (ml)
38.46
76.92
230.76
269.22

307.68
346.14
384.60
423.06
461.52
499,98
538.44
749.97
207.66
846.12
83458
923.04
961.50
999.96
1192.26
1230.72
1269.18
1207.64
1346.10
1384.56
142302
1461.48
1615.32

Pore Volume
0.60
1.21
3.62
422
482
5.43
6.03
6.63
7.24
7.84
8.44
11.76
12.66
13.27
13.87
14.47
15.08
15.68
18.69
19.30
19.90

20.50
2111
217
2231
22.91
2523

C effluent (mg L)
1.9138
1.1613
25313
4.2000
4.5375
4.5000
4.7000
5.3750
5.8250
5.8500
8.6875
6.6625
93375
9.3875
10.1875
11.7857
10,7873
11.4750
11.9125
11.8000
12.3125
12.0500
12.5375
12.3250
12.1875
11.8625
13.1750

CiCo
0.1948
0.1182
0.2576
0.4275
0.4618
0.4580
0.4784
0.5471
0.5929
0.5954
0.8842
0.6781
0.9504
0.9555
1.0369
1.1996
1.0980
11679
1.2125
1.2010
1.2532
1.2265
1.2761
1.2345
1.2405
1.2074
1.3410

237

?ort through KBS-3 column,
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Appendix B18: Cd in competitive metals synthetic leachate trans?ort through KBS-3 column,
initial [Cd] =10 mg L', flow rate : 19.23 mg L’

Time (hr) Volume (ml) Pore Volume C effluent (mg L) C/Co
0-2 38.46 0.60 0.0000 0.0000
24 76.92 1.21 0.0000 0.0000

10-12 230.76 362 0.0000 0.0000
12-14 269.22 4.22 0.0000 0.0000
14-16 307.68 4.82 0.0075 0.0008
16-18 346.14 5.43 0.0150 0.0015
18-20 384.60 6.03 0.0063 0.0006
20-22 423.06 6.63 0.0113 0.0011
22-24 461.52 7.24 0.0125 0.0013
24-26 49998 7.84 0.0000 0.0000
26-28 538.44 8.44 0.0000 0.0000
36-39 749.97 11.76 0.0000 0.0000
39.42 807.66 12.66 0.0} 00003
42-44 846.12 13.27 0.0000 0.0000
4446 88458 13.87 00000 0. (0K}
46-48 923.04 14.47 0.0000 0.0000
48.50 961.50 15.08 0.0000 10,0000
50-52 999.96 15.68 0.0042 0.0004
60-62 1192.26 18.69 0.0100 0.0010
62-64 1230.72 19.30 0.0000 0.0000
64-66 1269.18 19.90 0.0030 0.00035
66-68 1307.64 20.50 0.0000 0.0000
68-70 1346.10 2111 0.0000 0.0000
70-72 1384.56 21.71 0.0000 0.0000
7274 142302 2231 QLU0 0000
74-76 1461.48 2291 0.0000 0.0000
§2-84 1615.32 2533 0.0000 0.0000
84-86 165378 2591 0.0038 000K
R6-88 1692.24 26.52 0.0073 0.000%
53-90 1730.70 27.14 (NI [IXTIIE]
90-92 1769.16 27.74 0.0288 0.0029
92-94 1807.62 28.34 0.0233 0.0029
94.96 1846.08 28.94 0.1050 0.0106
96-98 1884.54 29.55 0.1450 0.0146
104-106 2038.38 31.96 0.9575 0.0964
114-116 2230.68 3497 1.2538 0.1262
119-121 2326.83 36.48 0.7325 0.0737
127-129 2480.67 38.89 1.0430 0.1052
137-139 2672.97 41.91 1.2900 0.1298
143-145 2788.35 43.72 1.3713 0.1380
151-153 2942.19 46.13 1.5725 0.1583
160-163 313499 49.15 2.0100 0.2023
167-169 3249.87 5095 2.2388 0.2253
175-177 3403.71 53.37 1.4900 0.1500
185-187 3596.01 56.38 29213 0.2940
191-193 37139 58.19 6.6300 0.6673
199-201 3865.23 60.60 1.8900 0.1902
202-204 392292 61.51 6.3500 0.6392
228-230 4422.90 69.35 4.8750 0.4907
234-236 4538.28 71.16 49875 0.5020

242-244 4692.12 73.57 4.9750 0.5008
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Appendix B18: continued

Time (hr) Volume (ml) Pore Volume C effluent (mg L) C/Co
250-252 4845.96 75.98 5.5500 0.5586
258-260 4999.80 78.39 4.7375 0.4768
268-270 5192.10 81.41 5.9000 0.5939
278-280 5384.40 84.42 6.4750 0.6517
284-286 5499.78 86.23 7.0125 0.7058
292-294 5653.62 88.64 7.0250 0.7071
294-296 5692.08 89.25 7.3250 0.7373
308-310 5961.30 93.47 7.9750 0.8027
316-318 6115.14 95.88 8.5000 0.8556
318-320 6153.60 96.48 8.3875 0.8442
326-328 6307.44 98.89 8.9625 0.9021
33234 6422.82 100.70 10.0000 1.0065
340-342 6576.66 103.11 10.4250 1.0493
342-34 6615.12 103.72 10.6250 1.0695
150-352 6768.96 106,12 11.0750 1.1147
156-158 6884.24 107.94 10,2250 1.0292
164-366 7038.18 110.25 11.5250 1.1600
172-375 7211.25 113.06 11.2625 1.1437
180-182 7345.86 &7 11,6230 1.1701

388-390 7499.70 11739 11.9250 1.2003



Appendix B19: Zn in competitive metals synthetic leachate trans
initial [Zn] =10 mg L, flow rate : 19.23 mg L’

Time (hr)
0-2
24

10-12
12-14
14-16
16-18
18-20
20-22
2224
24-26
26-28
36-39
39-42
4244
44-46
46-48
48-50
50-52
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-76
82-84
84-86
86-88
§8-90
90-92
92.94
94.96
96-98
104-106
114-116
119-121
127-129
137-139
143-145
151-153
160-163
167-169
175-177
185-187
191-193
199-201
202-204
228-230
234236
242-244
250-252
258-260

Volume (ml)
38.46
76.92

230.76
269.22
307.68
346.14
384.60
423.06
461.52
499,98
538.44
749.97
807.66
46,12
884.38
92304
961.50
CT
1192.26
1230.72
1269.18
1307.64
1346.10
1384.56
142302
14n1.48
1615.32
163378
169224
173070
1769.16
1807.62
184608
188454
203838
2230.68
2326.83
2480.67
2672.97
278835
2942.19
313449
3249.87
403,71
3596.01
71139
3865.23
3922.92
442290
4538.28
4692.12
4845.96
4999.80

Pore Volume
0.60
1.21
3.62
4.22
4.82
543
6.03
6.63
7.24
7.84
8.44
11.76
12.66
23
13.87
14.47
15.08
15.68
18.69
19.30
19.90
20.50
2111
2191
22
21.91
AR
2592
26.33
274
277
28.34
2894
29.55
3196
3497
3648
38.89
4191
4172
46.13
49.15
50.95
53.37
56.38
58.19
60.60
61.51
69.35
71.16
73.57
75.98
78.39

C effluent (mg L)
2.6550
0.5031
1.2750
1.2416
1.1009
09428
0.8103
0.7849
0.8610
0.6138
0.6660
0.4408
0.3615
0.3719
0.3611
0.3933
0.3453
0.3631
0.3169
0.3821
0.2813
0.2858
0.2990
0.2929
0.3040
0.3226
0.2526
0.2859
0.2845
0.2940
0.2705
0.2681
0.2795
0.2894
0.2923
0.4546
0.4479
02318
0.2430
0.2096
0.2025
0.4401
0.2463
0.1563
0.1979
0.5815
0.1095
0.2760
0.2039
0.2338
0.2311
0.2320
0.2461

C/Co
0.2807
0.0532
0.1348
0.1313
0.1164
0.0997
0.0857
0.0830
0.0910
0.0649
0.0704
0.0466
0.0382
0.0391
0.0382
0.0416
0.0365
0.0384
0.0335
0.0404
0.0297
0.0302
0.0316
0.0310
0.0321
0.0341
0.0267
0.0302
0.0301
0.0311
0.0286
0.0284
0.0296
0.0306
0.0309
0.0481
0.0474
0.0245
0.0257
0.0222
0.0214
0.0465
0.0260
0.0165
0.0209
0.0615
0.0116
0.0292
0.0216
0.0247
0.0244
0.0245
0.0260
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Appendix B19: continued

Time (hr)
268-270

278-280
284-286
292-294
308-310
316-318
318-320
326-328
332-334
340-342
342-344
150-352
356-358
164-366
372375
380382
188-390
190-391
398-400
404-406
414-416
420-422
424-426
430432
440442
HH6-448
452454
460-462
462-464
166-468
472474
476-478
484.486
488490
492-494
496-498
500-502
510-512
512-514
514-516
518-520
520-522
524.526
534-536
538-540
542-544
546-548
550.552
558-560
562-564
566-568
570-572
578-580
582-584

Yolume (ml)
5192.10

5384.40
5499.78
5653.62
5961.30
6115.14
6153.60
6307.44
6422.82
6576.66
6615.12
6768.96
6884.34
0818
RS
Tl5.86
7499.70
T3ST.R9
7692.00
7807.38
799968
8115.06
8191.98
8307.36
8494 66
S615.04
873042
S884.26
$922,.72
NUUY A
9115.02
9191.94
934578
9422.70
9499.62
9576.54
9652.46
984576
9884.22
9922.68
9999.60
10038.06
10114.98
10307.28
10384.20
10461.12
10538.04
10614.96
10768.80
10845.72
10922.64
10999.56
11153.40
11230.32

Pore Volume
81.41

84.42

86.23

88.64

93.47

95.88

96.48

98.89

100.70
103.11
103.72
106.13
107.94
110,35
113.06
115.17
117.59
118.49
120.60
122.41
12543
127.24
128.44
130.25
133.27
135.07
136.88
139.30
139.90
141.10
142.91
144.12
146.53
147.74
148.94
150.15
151.36
154.37
154.97
155.58
156.78
157.39
158.59
161.61

162.81
164.02
165.22
166.43
168.84
170.05
171.25
172.46
174.87
176.08

C effluent (mg L")
0.2369

0.2668
0.2055
0.2301
03738
0.2640
0.2240
0.2100
0.2749
0.3445
0.3343
0.3235
0.3688
0.4558
0.4299
0.5243
0.6163
0.6648
0.7695
08213
1.0923
1.0908
1.1693
1.3098
1.5228
1.6345
1.9810
2.4030
2.4545
25225
2.6725
4.0900
9.5850
8.7975
4.8150
5.1525
5.2275
5.1875
5.0650
4.6450
4.7325
49125
4.7600
3.5575
4.2925
4.3250
4.4300
4.8800
4.7525
5.0475
5.3775
5.0400
5.6650
6.3925

C/Co
0.0250

0.0282
0.0217
0.0243
0.0395
0.0279
0.0237
0.0222
0.0291
0.0364
0.0353
0.0342
0.0390
(L0452
0.0455
0.0554
0.0652
00703
0.0814
0.0868
0.1155
0.1153
0.1236
0.1385
0.1610
0.1728
0.2095
0.2541
0.2595
0.2667
0.2826
0.4325
1.0135
0.9303
0.5091
0.5448
0.5528
0.5485
0.5336
0.4912
0.5004
0.5195
0.5033
0.3762
0.4539
0.4573
0.4684
0.5160
0.5025
0.5337
0.5686
0.5329
0.5990
0.6760
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Appendix B19: continued

Time (hr)
586-588
590-592
594-596
604-606
608-610
612-614
616-618
624-626
628-630

Appendix B20: Pb in competitive metals synthetic leachate transPort through KBS-3 column,

initial [Pb]=10mg L', flow rate : 19.23 mg L

Time (hr)
0-2
24

10-12
12-14
14-16
16-18
18-20
20-22
22.24
2426
26-28
ip-39
19.42
4234
4446
46-43
43-30
50-52
60-62
62-64
64-66
66-68
68-70
70-72
72-74
74-76
82-84
84-86
86-88
88-90
90-92
92-94
94-96
96-98
104-106
114-116
119-121
127-129
137-139

Volume (ml)
11307.24
11384.16
11461.08
11653.38
11730.30
11807.22
11884.14
12037.98
12114.90

Volume (ml)
3846
76.92
230.76
269.22
307.68
346.14
384.60

423.06
461.52
499,98
538.44
749.97
807.66
846.12
B84.58
923.04
961.50
999.96
1192.26
1230.72
1269.18
1307.64
1346.10
1384.56
1423.02
1461.48
1615.32
1653.78
1692.24
1730.70
1769.16
1807.62
1846.08
1884.54
2038.38
2230.68
2326.83
2480.67
2672.97

Pore Volume
177.29
178.49
179.70
182.71
183.92
185.12
186.33
188.74
189.95

Pore Volume
0.60
1.21
162
422
482
543
6.03
6.63
7.24
7.84
8.44
11.76
12.66
1321
13.87
14.47
15.08
15.68
18.69
19.30
19.90

20.50
2111
2171
2231
2291
2533
2593
26.53
27.14
27.74
28.34
28.94
29.55
31.96
3497
36.48
38.89
41.91

C effluent (mg L)
10.4575
10.0400
10.4300
8.3300
8.1500
9.7400
10.8100
8.7450
10.5400

C efMuent (mg L)
0.6450
0.2150
0.1775
(11425
0.1063
0.1075
0.1100
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0963
0.0988
0.0973
0.0913
0.1000
0.0988
0.1038
0.1100
0.1125
0.0125
0.1500
0.1600
0.1550
0.1650
0.1725
0.1688
0.1763
0.1900
0.2038
0.2250
0.2488
0.2050
0.2438
0.2863
0.3225
0.2650

CiCo

1.1058
1.0616
1.1029
0.8808
0.8618
1.0299
1.1431
0.9247
1.1145

C'Co
0.0683
0.0228
0.0188
0.0151
0.0112
0.0114
0.0116
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0102
0.0103
0.0103
0.7
0.0106
00103
0.0110
0.0116
0.0119
0.0013
0.0159
0.0169
0.0164
0.0175
0.0183
0.0179
0.0187
0.0201
0.0216
0.0238
0.0263
0.0217
0.0258
0.0303
0.0341
0.0281

242



Appendix B20: continued

Time (hr)
143-145
151-153
160-163
167-169
175-177
185-187
191-193
199-201
202-204
228-230
234-236
242-244
250-252
258-260
268-270
278-280
284-286
292294
294-296
316-318
318-320
326-328
332-334
340-342
342-344
350-352
356-358
364-366
372:375
380-382
388390
390-393
398-400
404-406
414-416
420-422
424426
430-432
440-442
446-448
452-454
460-462
462-464
466-468
472474
476478
484-486
488-490
492-494
496-498
500-502
510-512
512-514
514-516

Volume (ml)
2788.35
2942.19
3134.49
3249.87
3403.71
3596.01
3711.39
3865.23
3922.92
4422.90
4538.28
4692.12
4845.96
4999.80
5192.10
538490
5499.78
5653.62
5692.08
6115.14
6153.60
6307.44
6422.82
6576.66
6615.12
6768.96
6884.34
7038.18
7211.25
734586
7499.70
7557.29
7692.00
7807.38
7999.68
8115.06
8191.98
8307.36
8499.66
8615.04
8730.42
88B4.26
8922.72
8999.64
9115.02
9191.94
9345.78
9422.70
9499.62
9576.54
9653.46
9845.76
9884.22
9922.68

Pore Volume
4372
46.13
49.15
50.95
53.37
56.38
58.19
60.60
61.51
69.35
71.16
73.57
75.98
78.39
81.41
8442
£6.23
88.64
2925
95.88
96.48
98.89
100.70
103.11
103,72
106.13
107.94
110.35
113.06
11517
117.59
118,49
120.60
122.41
125.43
127.24
128.44
130.25
133.27
135.07
136.88
139.30
139.90
141.10
142.91
14412
146.53
147.74
148.94
150.15
151.36
154.37
154.97
155.58

C effluent (mg L)
0.3675
0.4375
0.4138
0.4075
0.3950
0.4450
0.9575
0.4263
0.4425
0.4613
0.5000
0.1113
0.0000
0.0873
0.0325
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0450
01,0000
0.0000
L0000
0.0000
VU573
00000
0.0073
0.1750
0.1875
0.3550
0.3350
0.3550
0.3825
0.3725
0.3875
0.4025
0.4525
0.5250
0.5800
0.6275
0.6000
0.5425
0.5550
0.5925
0.1350
0.0850

CICo
0.0389
0.0463
0.0438
0.0431
0.0418
0.0471
0.1014
0.0451
0.0468
0.0488
0.0529
0.0118
0.0000
0.0093
0.0034
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0048
0.0000
0.0000
0.0000
0.0000
0.0061
0.0000
0.0008
0.0185
0.0198
0.0376
0.0355
0.0376
0.0405
0.0394
0.0410
0.0426
0.0479
0.0556
0.0614
0.0664
0.0635
0.0574
0.0588
0.0627
0.0143
0.0090
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Appendix B20: continued

Time (hr)
518-520
520-522
524-526
534-536
538-540
542-544
546-548
550-552
558-560
562-564
566-568
570-572
578-580
582-384
586-588
590-592
594-596
604-606
HOR-611
612-614
616-618
624-626
628-630
630-632

642-644
B48-630
656-658
660-662
668-670
674-676
680-682
692-694
698-700
704-708
716-718
722-724
728-730
732-7M
741-744
748-750
754-756
758-760

Volume (ml)

9999.60

10038.06
10114.98
10307.28
10384.20
10461.12
10538.04
10614.96
10768.80
10845.72
10922.64
10999.56
11153.40
11230.32
11307.24
11384.16
11461.08
11653.38
1173030
11807.22
11884.14
12037.98
1211490
12153.36

12384.12
12499.50
12633.34
12730.26
12884.10
12999 .48
13114.86
13345.62
12461.00
13614.84
13807.14
13922.52
14037.90
14114.82
14307.12
14422.50
14537.88
14614.80

Pore Volume
156.78
157.39
158.59
161.61
162.81
164.02
165.22
166.43
168.84
170.05
171.25
172.46
174.87
176.08
177.29
178.49
179.70
182.71
183,92
185.12
186.33
188.74
189.95
190.55

194.17
19598
198.39
199.60
202.01
20382
205.63
209.24
211.03
21347
216.48
218.29
220.10
221.30
22432
226.13
227.94
229.14

C effluent (mg L)
0.1000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0775
0.4000
0.5150
0.4250
0.3500
0.4000
0.4600
0.5500
0.6900
0.7000

0.8150
0.7550
0.8150
0.8500
0.9950
0.9000
0.9500
0.9600
0.9950
1.0500
2.0000
0.9500
2.0000
2.0600
23900
2.0000
2.3350
1.2850

C/Co
0.0106
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0082
0.0423
0.0543
0.0450
0.0371
0.0423
0.0487
0.0582
0.0730
0.0741

0.0863
00794
0.0863
0.0900
0.1052
0.0953
0.1006
0.1016
0.1053
0.1112
02117
0.1006
02117
0.2181
0.2530
0.2117
0.2472
0.1360
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Appendix B21: Cr in competitive metals actual leachate transport through KBS-2 column,

initial [Cr] =10mg L™, flow rate : 18 mg L™

Appendix B22: Cu in competitive metals actual leachate transport through KBS-2 column,

Time (hr)

02
24
4-6
68
8-14
14-16
16-18
18-20
20-22
2224
2426
26-28
28.30
30-32
32.38
38-40
40-42
4244
44-46

Volume (ml)

38.00
74.00
110.00
146.00
254.00
290.00
326.00
362.00
398.00
434.00
470.00
506.00
542.00
578.00
686.00
722.00
758.00
794.00
830.00

Pore Volume

0.60
1.16
1.72
229
3.98
455
5.1
5.68
6.24
6.80
7.37
7.93
3.50
9.06
10.76
11.32
11.88
12.45
13.01

initial [Cu] = 10 mg L™ , flow rate : 18 mg L™

Time (hr)
0-2
24
4-6
6-8
8-14
14-16
16-18
18-20

20-22

Volume (ml)

38.00

74.00
110.00
146.00
254.00
290.00
326.00
362.00
398.00

Pore Volume

0.60
1.16
1.72
2.29
398
4.55
5.11
5.68
6.24

C efMuent

(mg L)
0.0000
1.4020
7.0295
10.0420
12.0920
12.6045
13.9420
14.2295
15.5670

C effluent (mg L")
0.0000
0.0000
7.2790
10.5365
12.1615
12.6115
13.2490
12.4740
12.8490
9.5753
13.59%0
12.4240
13,6990
13.8240
14.0115
13.0115
127115
14.8865
10.2540

CiCo

0.0000
0.1415
0.7047
1.0138
1.2208
1.2725
1.4076
1.4366
1.5716

CiCo
0.0000
0.0000
0.5259
0.7613
0.8787
09112
0.9573
0.9013
0.9284
0.6919
09826
0.8977
0.9898
0.9988
1.0124
0.9401
0.9907
1.0756
0.7409
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Appendix B23: Cd in competitive metals actual leachate transport through KBS-2 column,

initial [Cd] = 10 mg L™, flow rate : 18 mg L

Time (hr)
0-2
24
4-6
6-8
8-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-38
38-40
40-42
42-44
44-46

48-50
50-52
52-54
54-56
56-64
64-66
66-68
68-70
70-72
72-74
76-78
84-86
86-88
90-92
9496

98-100

106-108

110-112

114-116

118-120

122-124

132-134

136-138

140-142

144-146

152-154

154-156

160-162

164-166

172-174

178-180

184-186

188-190

Volume (ml)
38.00
74.00
110.00
146.00
254.00
290.00
326.00
362.00
398.00
434.00
470.00
506.00
542.00
578.00
686.00
722.00
758.00
794.00
820.00
866.00
902.00
938.00
974.00

1010.00
1154.00
1190.00
1226.00
1262.00
1298.00
1334.00
1406.00
1550.00
1586.00
1658.00
1730.00
1802.00
1946.00
2018.00
2090.00
2162.00
2234.00
2414.00
2486.00
2558.00
2630.00
2774.00
2810.00
2918.00
2990.00
3134.00
3242.00
3350.00
3422.00

Pore Volume

0.60
1.16
1.72
229
398
455
5.11
5.68
6.24
6.80
737
7.93
8.50
9.06
10.76
11.32
11.88
1245
13.01
13.58
14.14
14.71
15.27
15.84
18.09
18,60
1922
19.79
20.23
2092
2.4
2430
2487
26.00
27.12
28.25
30.51
3164
32.77
3390
35.03
37.85
38.98
40.11
41.24
43.49
44,06
45.75
46.88
49.14
50.83
52.52
53.65

C effluent (mg L)
-0.0010
0.0040
0.1165
0.2240
0.3590
0.4590
0.5740
0.6115
0.7490
0.6803
0.9915

1.0778
1.2653
1. 4040
1.7202
1.9778
2175
24502
2.6915
2.6090
3.0390
33315
35765
3.5990
4.2530
4.6840
4.8040
4.7940
4.2290
4.6890
52363
7.5740
7.9990
8.1740
8.4740
8.3990
7.8778
7.9990
8.2740
8.5990
8.4490
8.5990
82240
8.3990
8.2490
8.1490
6.9890
71.8490
71.8990
74.5990
7.5390
7.6340
7.2540

CiCo
0.0000
0.0000
0.0123
0.0237
0.0379
0.0485
0.0606
0.0646
0.0791
0.0718
0.1047
0.1138
0.1336
0.1483
0.1817
0.2088
0.2293
0.2587
0.2842
0.2755
0.3209
0.3518
0.3777
0.3800
0.4492
0.4946
0.5073
0.5062
0466
0.4951
0.5530
0.7998
0.8447
0.8631
0.8948
0.8869
0.8319
0.8447
0.8737
0.9080
0.8922
0.9080
0.8684
0.8869
0.8711
0.8605
0.7380
7.5870
7.5923
7.8774
0.7961
0.8061
0.7660
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Appendix B23: continued

Time (hr)
196-198
202-204
208-212
216-218
230-232
236-240
248-250
254-256
260-262
264-266
273-276
280-282
286-288
290-292
300-302
306-308
314-316
118-320
3126-328

Volume (ml)
3566.00
3674.00
3818.00
3926.00
4178.00
4322.00
4502.00
4610.00
4718.00
4790.00
4970.00
5078.00
5186.00
5258.00
5438.00
§346.00
5690.00
3762.00
5006.00

Pore Volume
5591
57.60
59.86
61.56
65.51
67.76
70.59
72.28
73.97
75.10
77.92
79.62
81.31
82.44
$5.26
86.96
£9.21
90.24
92,60

C effluent (mg L™)
7.7390
7.8240
7.74%0
7.8640
8.2690
8.0540
8.9790
9.1290
9.3390
8.7090
9.1190
9.2190
92390
9.3090
9.4440
9.5740
9.6140
9.5190
9.3040

C/Co
0.8172
0.8262
0.8183
0.8304
0.8732
0.8505
0.9482
0.9640
0.9862
0.9196
0.9629
0.9735
0.9756
0.9830
0.9973
1.0110
1.0152
1.0052
0.9825
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Appendix B24: Zn in competitive metals actual leachate transport through KBS-2 column,

initial [Zn] = 10 mg L™, flow rate : 18 mg L

Time (hr)
0-22
24
4-6
6-8
8-14
14-16
16-18
18-20
20-22
224
2426
26-28
28-30
30-32
32-38
3840
4042
42.44
44-46
46-48
48-50
50.52
52.54
34-36
36-64
64-66
66-68
68-70
70-72
7274
76-78
84-86
86-88
90-92
94.96
98-100
106-108
110-112
114-116
118-120
122-124
132-134
136-138
140-142
144-146
152-154
154-156
160-162
164-166
172-174
178-180
184-186
188-190

Volume (ml)
38.00
74.00
110.00
146.00
254.00
290.00
326.00
362.00
398.00
434.00
470.00
506.00
542.00
578.00
686.00
722,00
758.00
794.00
830.00
866.00
902.00
938.00
974.00

1010.00
1154.00
1190.00
1226.00
1262.00
1298.00
1334.00
1406.00
1550.00
1586.00
1658.00
1730.00
1802.00
1946.00
2018.00
2090.00
2162.00
2234.00
2414.00
2486.00
2558.00
2630.00
2774.00
2810.00
2918.00
2990.00
3134.00
3242.00
3350.00
3422.00

Pore Volume
0.60
1.16
1.72
229
398
455
5.11
5.68
6.24
6.80
7.37
793
8.50
9.06
10.76
11.32
11.88
12.45
13.01
13.58
14.14
1471
15.27
15.84
18.09
18.66
19.22
19.79
20.35

2092
22.04
24.30
24.87
26.00
27.12
2825
30.51
3l.64
32.77
33.90
3503
37.85
3898
40.11
41.24
43.49
44.06
45.75
46.88
49,14
50.83
52.52
53.65

C effluent (mg L")
-0.3675
-0.3675
-0.3675
-0.3675
-0.3675
-0.3675
-0.3675
-0.3675

1.9788
1.8463
1.7075
1.5813
1.6200
1.7550
1.9538
1.8138
1.7825
1.8850
1.9400
1.9050
1.9500
2.0850
2.2200
2.1500
2.0825
21850
22850
20225
1.7525
2.1050
21773
23700
2.5950
2.8100
2.8475
2.8925
2.0992
2.5525
2.7025
29875
32150
3.3600
3.4025
37500
3.9450
39525
3.1400
3.4365
3.4465
3.6095
3.8805
3.9860
317230

C/Co
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.2834
0.2644
0.2445
0.2264
0.2320
0.2513
0.2798
0.2597
0.2553
0.2699
0.2778
0.2728
0.2792
0.2986
0.3179
0.3079
0.2982
02129
0.3272
0.2896
0.2510
03014
0.32118
0.3394
03716
0.4024
0.4078
0.4142
0.3006
0.3655
0.3870
0.4278
0.4604
0.4812
0.4873
0.5370
0.5649
0.5660
0.4497
0.4921
0.4936
0.5169
0.5557
0.5708
0.5332
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Appendix B24: continued

Time (hr)
196-198
202-204
208-212
216-218
230-232
236-240
248-250
254-256
260-262
264-266
273-276
280-282
286-288
290-292
300-302
306-308
314-316
318-320
326-328
336-338
342-344
350-352
160-362
364-366
172-374
374-378
380-382
384-386
388-3%0
196-398
404-406
410-412
418-420
426-428
432434
442-444
448-450
454-456
462-464
470472

Volume (ml)
3566.00
3674.00
3818.00
3926.00
4178.00
4322.00
4502.00
4610.00
4718.00
4790.00
4970.00
5078.00
5186.00
5258.00
5438.00
5546.00
5690.00
5762.00
5906.00
6086.00
6194,00
6338.00
6518.00
6590.00
6734.00
6806.00
6878.00
6950.00
7022.00
7166.00
7310.00
7418.00
7562.00
7706.00
7814.00
7994.00
8102.00
8210.00
8354.00
8498.00

Pore Volume
55.91
57.60
59.86
61.56
65.51
67.76
70.59
72.28
73.97
75.10
77.92
79.62
§1.31
82,44
85.26
86.96
89.21
90.34
92.6)
Y342

97.12

99.37

102.20
103.32
10558
106.71
107.84
108.97
110.10
112.25
114.61
116.31
118.56
120.82
122.51
125.34
127.03
12872
130.98
13324

C effluent (mg L)
3.9885
4.2215
4.2245
4.4070
4.5905
4.5660
5.7175
5.6405
5.6338
5.2585
5.6625
5.8105
5.8105
6.0185
6.7R2F
6.2025
6.9425
7.2315
6.8423
1.68735
7.5675
7.5575
6.9875
7.6075
70773
73023
76573
7.2175
538718
6.0323
fil50s8
60083
6.0663
5.5015
6.1993
6.0343
59275
5.7405
5.8115
53315

C/Co
0.5712
0.6045
0.6050
0.6311
0.6574
0.6539
0.8188
0.8077
0.8068
0.7530
0.8109
0.8321
0.8321
0.8619
09713
0.9025
0.9942
1.0357
0.9799
1.1009
1.0837
1.0823
1.0006
1.0894
1.0135
1.0744
1.0966
1.0479
0.8408
0.8639
0.6513
0.6353
0.6415
0.5915
0.6555
0.6402
0.6268
0.6070
0.6168
0.5849
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Appendix B25: Pb in competitive metals actual leachate transport through KBS-2 column,

initial [Pb] = 10 mg L", flowrate: 18 mg !

Time (hr)
0-2
24
4-6
6-8
8-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-38
38-40
40-42
42-44
44-46
46-48
48-50
50-52
52-54
54-36
56-64
64-66
66-68
68-70
70-72
72-74
76-78
84-86
86-88
90-92
94-96
98-100
106-108
110-112
114-116
118-120
122-124
132-134
136-138
140-142
144-146
152-154
154-156
160-162
164-166
172-174
178-180
184-186
188-190

Volume (ml)
38.00
74.00
110.00
146.00
254.00
290.00
326.00
362.00
398.00
434.00
470.00
506.00
542.00
578.00
686.00
722.00
758.00
794.00
830.00
866.00
902.00
938.00
974.00
1010.00
1154.00
1190.00

1226.00
1262.00
1298.00
133400
1406.00
1550.00
1586.00
1658.00
1730.00
1802.00
1946.00
2018.00
2090.00
2162.00
2234.00
2414.00
2486.00
2558.00
2630.00
277400
2810.00
2918.00
2990.00
3134.00
3242.00
3350.00
3422.00

Pore Volume
0.60
1.16
1.72
229
398
4.55
5.11
5.68
6.24
6.80
737
793
8.50
9.06
10.76
11.32
11.88
12,45
13.01
13,58
1414
1471
15.27
15.84
18,09
18.66
19.22
19.79
20.35
20.92
2,04
2430
2487
26.00
27.12
28.25
30.51
364
32.77
3290
35.03
37.85
38.98
40.11
41.24
4349
44.06
45.75
46.88
49.14
50.83
52.52
53.65

C effluent (mg L")
0.2683
0.5420
0.9520
0.9108
0.9258
0.9470
1.1558
0.9995
1.0033
0.9858
1.1945
1.3483
1.3033
1.2958
1.6370
1.5045
1.5208
1.8370
1.8695
1.7270
2.1695
2.2420
2.4345
24420
2.6945
2.8795
29195
2.9670
2.2095
2.5595
2.8770
31720
41745
3.0595
3.0470
2.7995
1.2023
1.2170
1.4545
1.4320
1.5495
1.3395
1.5445
1.7945
1.9370
1.2545
1.5870
1.9070
1.9470
22520
2.2820
1.7720
1.3420

C/Co
0.0351
0.0710
0.1247
0.1193
0.1213
0.1241
0.1514
0.1309
0.1314
0.1291
0.1565
0.1766
0.1707
0.1698
0.2145
0.1971
0.1992
0.2407
0.2449
0.2263
0.2842
0.2937
0.3189
0.3199
0.3530
0.3772
0.3825
0.3887
0.2895
0.3353
0.3769
0.4156
0.5469
0.4008
0.3992
0.3668
0.1575
0.1594
0.1906
0.1876
0.2030
0.1755
0.2023
0.2351
0.2538
0.1644
0.2079
0.2498
0.2551
0.2950
0.2990
0.2321
0.1758

250



251

Appendix B25: continued

Time (hr) Volume (ml) Pore Volume C effluent (mg L") CiCo
196-198 3566.00 5591 1.5420 0.2020
202204 3674.00 57.60 1.0820 0.1418
208212 3818.00 59.86 1.1120 0.1457
216218 3926.00 61.56 1.0470 0.1372
230-232 4178.00 65.51 1.4020 0.1837
236-240 4322.00 61.76 1.0320 0.1352
248250 4502.00 70.59 19420 0.2544
254256 4610.00 72.28 22120 0.2898
260-262 4718.00 73.97 23720 03108
264-266 4790.00 75.10 2.0620 02701
273276 4970.00 77.92 26920 0.3527
280282 5078.00 79.62 13220 0.4352
286-288 5186.00 8131 3.5620 0.4667
200-292 $258.00 82.44 39320 0.5151
300-302 5438.00 85.26 42270 0.5538
106-308 5546.00 86.96 3.5420 0.4640
14316 5690.00 89.21 3.6020 0.4719
318220 5762.00 90.34 18170 0.5001
326-328 5906.00 92.60 4.0620 0.5322
336-338 6086.00 95.42 41920 0.5492
142344 6194.00 97.12 49920 0.6540
150-252 6338.00 99.37 5.2670 0.6900
360-362 6518.00 102.20 5.2720 0.6907
164-66 6590.00 103.32 46020 0.6029
372374 6714.00 105.58 43370 0.5682
174-378 6806.00 106.71 49120 06435
380-382 6378.00 107.84 46170 0.6049
184-386 6950.00 108.97 4.6370 0.6075
188-390 7022.00 110.10 37520 0.4915
396.398 ~166.00 112.35 4.1420 0.5426
104-406 7210.00 114.61 4.4620 0.5846
410412 7418.00 11631 4.7020 0.6160
118420 7562.00 118.56 44720 0.5859
426-428 7706.00 120.82 4.6820 0.6134
432434 7814.00 12251 4.3920 0.5754
442-444 7994.00 125.34 4.6320 0.6068
448-450 8102.00 127.03 4.7820 0.6265
454-456 $210.00 128.72 47120 0.6173
162464 $354.00 130.98 4.7320 0.6199

470-472 8498.00 133.24 4.6620 0.6108



Appendix B26: Cr in competitive metals actual leachate transport through KBS-3 column,

initial [Cr] = 10mg L', flow rate : 17.4 mg L

Time (hr)
0-2
24
4-6
6-8

8-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-38
38-40
40-42
42-44
4446
4648
48-50

Appendix B27: Cu in competitive metals actual leachate transport through KBS-3 column,

Volume (ml)
34.80
69.60
104.40
139.20

243.60
278.40
313.20
348.00
382.80
417.60
452.40
487.20
522.00
556.80
661.20
696.00
730.80
765.60
800.40
835.20
870.00

Pore Volume
0.55
1.09
1.64
2.18
382
437
491
5.46
6.00
6.55
7.09
7.64
S8
871
10.37
10.91
11.46
12.00
12.55
13,10
1364

C effluent (mg L)
0.0000
0.9065
3.7653
6.2328
11.4365
12.2365
10.2240
12,2365
12.1365
13.3365
12.4240
13.2365
12.6615
13.4490
13,4990
13.5490
137240
13,8365
11.7890
12.3023
10,8063

initial [Cu] = 10 mg L', flow rate : 17.4 mg L™

Time (hr)
0-2
24
4-6
6-8
8-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
32-38
38-40
40-42
4244
44-46
46-48
48-50

Volume (ml)
34.80
69.60
104.40
139.20

243.60
278.40
313.20
348.00
382.80
417.60
452.40
487.20
522.00
556.80
661.20
696.00
730.80
765.60
800.40
835.20
870.00

Pore Volume
05335
1w
1.64
218
82
437
491
5.46
6.00
6.55
7.09
7.64
8.18
873
10.37
10.91
11.46
12.00
12.55
13.10
13.64

C effluent (mg 1.™")
0,170y
1.6570
4.4920
52670
7.5920
8.1795
6.2295
71545
77170
8.9920
87920
9.6420
9.7795
10.4420
11.0920
10.5170
11.1920
5.7545
11.6920
11.6670
10.9670

CiCo
0.0000
0.0655
0.2721
0.4503
0.8263
0.8841
0.7387
0.8841
0.8769
0.9636
0.8977
0.9564
0.9148
09717
0.9754
0.9790
0.9916
0.9997
0.8518
0.8889
0.7808

CiCo
0.0172
0.1672
0.4535
0.5318
0.7665
0.8258
0.6289
0.7223
0.7791
0.9078
0.8876
0.9734
0.9873
1.0542
1.1198
1.0618
1.1299
0.5810
1.1804
1.1779
1.1072
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Appendix B28: Cd in competitive metals actual leachate transport through KBS-3 column,

initial [Cd] = 10 mg L, flow rate : 17.4 mg L

Time (hr)
0-2
24
4-6
6-8
8-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
12.38
38-40
40-42
4244
44-46
46-48
48-50
50-52
52-34
54-56
56-64
64-66
66-68
68-70
70-72
72.74
76-78
84-86
86-88
90-92
94-96
98-100
106-108
110-112
114-116
118-120
122-124
132-134
136-138
140-142
144-146
152-154
154-156
160-162
164-166
172-174
178-180
184-186
188-190

Volume (ml)
34.80
69.60
104.40
139.20

243.60
278.40
313.20
348.00
382.80
417.60
452.40
487.20
522.00
556.80
661.20
696.00
730.80
765.60
800.40
835.20
870.00
904.80
939.60
974.40
1113.60
1148.40
1183.20
1218.00
1252.80
1287.60
1357.20
1496.40
1531.20
1600.80
1670.40
1740.00
1879.20
1948.80
2018.40
2088.00
2157.60
2331.60
2401.20
2470.80
2540.40
2679.60
2714.40
2818.80
2888.40
3027.60
3132.00
3236.40
3306.00

Pore Volume
0.55
1.09
1.64
2,18
382
437
491
5.46
6.00
6.55
7.09
7.64
818
8.73
10.37
10.91
11.46
12.00
12.55
1310
13,64
14.19
14.73
13.28
17.46
18.01
18.55
19.10
19.64
20.19
21.28
2146
2301
2510
26.19
27.28
29.46
30.56
31.65
3274
RER-&
36.56
37.65
38.74
39.83
42.01
42.56
44.20
45.29
4747
49.11
50.74
51.83

C effluent (mg L™)
-0.0010
-0.0010
-0.0010
0.0553
0.1178
0.1840
0.2815
0.3890
0.4178
0.6390
0.6678
0.7728
0.8028
0.9803

1.2153
1.3103
1.4440
1.5240
1.5690
1.6115
1.6290
1.7515
1.9915
1.0315
22865
2.5765
23815
23365
25215
2.6690
2.6440
29615
33640
7.1640
3.5290
3.479%0
312715
34215
3.5940
3.7640
3.8090
4.0790
43540
4.4665
4.5190
4.4040
4.7840
4.9940
5.1890
5.3840
5.4490
5.7940
5.8590

CiCo
0.0000
0.0000
0.0000
0.0058
0.0124
0.0194
0.0297
0.0411
0.0441
0.0675
0.0705
0.0816
0.0848
0.1035
0.1283
0.1384
0.1525
0.1609
0.1657
0.1702
0.1720
0.1850
0.2103
0.1089
0.2414
0.2721
0.2515
0.2467
0.2663
0.2818
0.2792
0.3127
0.3552
0.7565
0.3727
0.3674
0.3455
0.3613
0.3795
0.3975
0.4022
0.4307
0.4598
04716
0.4772
0.4650
0.5052
0.5273
0.5479
0.5685
0.5754
0.6118
0.6187
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Appendix B28: continued

Time (hr)
196-198
202-204
208-212
216-218
224-226
230-232
236-240
248-250
254-256
260-262
264-266
273276
280-282
286-288
260-292
300-302
306-308
314-316
318-320
326-328
336-338
342-344
350-352
360-362
364-366
372374
374378

Volume (ml)
3445.20
3549.60
3688.80
3793.20
3932.40
4036.80
4176.00
4350.00
4454.40
4558.80
4628.40
4802.40
4906.80
5011.20
5080.80
5254.80
5359.20
5498.40
5368.00
5707.20
5881.20
5985.60
6124.80
6298.80
6368.40
6507.60
6577.20

Pore Volume
54.02
55.65
57.84
59.47
61.66
63.29
65.48
68.20
69.84
71.48
72.57
75.30
76.93
78.57
79.66
8239
84.03
86.21
87.30
89.48
92.21
93.85
96.03
98.76
99.85
102.03
103.12

C effluent (mg L)
5.5740
5.8940
6.0590
6.2490
6.5640
6.8490
6.5240
7.5890
7.9890
8.3890
7.8890
7.90%0
8.1990
7.72%0
8.87%0
8.6140
8.6690
9.1640
9.1290
8.94490
9.2090
9.4140
9.5090
9.7190
9.7840
9.4940
9.1340

C/Co
0.5886
0.6224
0.6398
0.6599
0.6931
0.7232
0.6889
0.8014
0.8436
0.8859
0.8331
0.8352
0.8658
0.8162
0.9376
0.9096
09154
0.9677
0.9640
09445
0.9724
0.9941
1.0041
1.0263
1.0332
1.0025
0.9645
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Appendix B29: Zn in competitive metals actual leachate transport through KBS-3 column,

Time (hr)
0-2
24
4-6
6-8
8-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
30-32
1238
1840
40-42
42.44
4446
46-43
48-50
50-52
52-54
54-56
56-64
64-66
66-68
68-70
70-72
72.74
76-78
84-86
§6-88
90-92
94-96
98-100
106-108
110-112
114-116
118-120
122-124
132-134
136-138
140-142
144-146
152-154
154-156
160-162
164-166
172-174
178-180
184-186
188-190

initial [Zn] = 10 mg L, flow rate : 17.4 mg L™

Volume (ml)
34.80
69.60
104.40
139.20
243.60
278.40
313.20
348.00
382.80
417.60
452.40
487.20
522.00
556.80
661.20
696.00
730.80
765.60
800.40
835.20
870.00
904.80
939.60
974.40

1113.60
1148.40
1183.20
1218.00
1252.80
1287.60
1357.20
1496.40
1531.20
1600.80
1670.40
1740.00
1879.20
1948.80
2018.40
2088.00
2157.60
2331.60
2401.20
2470.80
254040
2679.60
2714.40
2818.80
2888.40
3027.60
313200
3236.40
3306.00

Pore Volume
0.55
1.09
1.64
2,18
382
437
491
5.46
6.00
6.55
7.09
7.64
8.18
8.73
10.37
10.91
11.46
12.00
12.55
13.10
12.64
14.19
14.73
15.28
17.46
18.01
18.55
19.10
19.64
20.19

21.28
2146
24.01
25.10
26.19
27.28
29.46
30.56
31.65
32.74
3383
36.56
37.65
38.74
39.83
42.01
42.56
4420
45.29
47.47
49.11
50.74
51.83

C effluent (mg L)
0.0000
0.6645
11.7950
1.4175
1.3800
1.7375
1.9500
1.9713
1.9863
1.8350
1.6488
1.6313
1.7788

1.8063
1.8438
2.0250
2.2600
23875
2.0125
2.0550
2.1050
2.6250
29575
2.6623
2.3950
2.7350
2.7900
24275
27925
2.4025
3.0975
1.6650
1.6925
6.0825
3.7600
3.4800
29100
2.9500
3.4525
3.6550
3.7000
42150
4.2675
3.9425
39100
43150
3.3245
3.1460
3.2330
3.1975
3.3390
3.5235
3.6980

CiCo

0.0000
0.0952
1.6891
0.2030
0.1976
0.2488
0.2792
0.2823
0.2844
0.2628
0.2361
0.2336
0.2547
0.2587
0.2640
0.2900
0.3236
0.3419
0.2882
0.2943
0.3014
0.3759
0.4235
0.3813
0.3430
0.3917
0.3995
0.2476
0.3999
0.3440
0.4436
0.5248
0.5288
0.8710
0.5385
0.4984
0.4167
0.4225
0.4944
0.5234
0.5299
0.6036
0.6111
0.5646
0.5599
0.6179
0.4761
0.4505
0.4630
0.4579
0.4782
0.5046
0.5296
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Appendix B29: continued

Time (hr)
196-198
202-204
208-212
216-218
230-232
236-240
248-250
254-256
260-262
264-266
273-276
280-282
286-288
290-292
300-302
306-308
314-316
318-320
126-328
336-338
342-344
150-352
360-362
364-366
372-374
374-378
380-382
384-386
188-390
196-398
404-406
410-412
418-420
426-428
412434
442444
448-450
454-456
462-464
470-472

Volume (ml)
3445.20
3549.60
3688.80
3793.20
4036.80
4176.00
4350.00
4454.40
4558.80
4628.40
4802.40
4906.80
5011.20
5080.80
525480
5359.20
5498.40
5568.00
5707.20
5881.20
5985.60
6124.80
6298.80
6368.40
6307.60
6577.20
6646.80
671640
6786.00
6925.20
7064.40
7168.80
7308.00
7447.20
7551.60
7725.60
7830.00
7934.40
8073.60
8212.80

Pore Volume
54.02
55.65
57.84
59.47
63.29
65.48
68.20
69.84
71.48
72.57
75.30
76.93
78.57
79.66
§2.39
8403
86.21
87.30
§9.48
92231
93.85
96.03
98.76
99.85
102.03
103.12
104.21
105.31
106,40
108.58
110.76
112.40
114.58
116.76
118.40
12113
122.77
124.40
126.59
128.77

C effluent (mg L™)
3.2475
3.4020
35215
3.6695
4.0360
38190
47175
5.0565
52735
5.0205
5.0155
5.3095
4.9455
5.5855
49325
4.2955
39825
4.2685
43420
4.7825
49375
7.4325
7.9975
7.4825
6.3725
1.5575
6.7775
7.6125
6.1195
6.1455
6.1335
6.0365
6.0785
6.2405
6.6825
6.0655
6.0315
6.0135
6.0705
6.4725

C/Co
0.4651
0.4872
0.5043
0.5255
0.5780
0.5469
0.6756
0.7241
0.7552
0.7190
0.7182
0.7603
0.7082
0.7999
0.7064
0.6151
0.5703
0.6113
0.6218
0.6849
0.7071
1.0644
1.1453
1.0715
0.9126
1.0823
0.9706
1.0901
0.8763
0.8801
0.6486
0.6383
0.6428
0.6599
0.7066
0.6414
0.6378
0.6359
0.6419
0.6844
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Appendix B30: Pb in competitive metals actual leachate transport through KBS-3 column,

initial [Pb] = 10mg L, flow rate : 17.4 mg L’

Time (hr)
0-2
2-4
4-6
6-8
8-14

14-16
16-18
18-20
20-22
22-24
24-26
26-28
28-30
10-32
32.3%
38-40
40-42
42-44
44-46
46-48
48-50
50-32
52-54
54-36
56-64
64-66
66-68
6870
70-72
7274
76-78
£4.86
86-88
90-92
94-96
98-100
106-108
110-112
114-116
118-120
122-124
132-134
136-138
140-142
144-146
152-154
154-156
160-162
164-166
172-174
178-180
184-186

Volume (ml)
34.80
69.60
104.40
139.20
243.60
278.40
313.20
348.00
382.80
417.60
452.40
487.20
522,00
556.80
661.20
696.00
730.80
765.60
800.40
835.20
§70.00
904.80
939.60
974.40
1113.60
1148.40
1183.20
1218.00
1252.80
1287.60
1357.20
1496.40
1531.20
1600.80
1670.40
1740.00
1879.20
1948.80

2018.40
2088.00
2157.60
2331.60
2401.20
2470.80
2540.40
2679.60
2714.40
2818.80
2888.40
3027.60
313200
3236.40

Pore Volume
0.55
1.09
1.64
2.18
3.82
437
491
5.46
6.00
6.55
7.09
7.64
8.18
873
10.37
1091
11.46
12.00
12.55
13.10
13.64
14.19
14.73
15.28
17.46
18.01
18.55
19.10
19.64

20.19
21.28
23.46
24.01
25.10
26.19
27.28
29.46
30.56
31.65
3274
3383
36.56
37.65
38.74
39.83
42.01
‘42.56
4420
45.29
4747
49.11
50.74

C effluent (mg L)
0.0000
0.0645
0.1520
0.2520
0.7645
0.9083
0.5395
0.6145
0.6870
0.8808
1.0570
1.1683
1.2270
1.3808
1.5220
1.5183
1.7258
1.8345
1.8045
1.8395
1.9045
1.9895
2.2920
1.1270
2.4270
2.7695
25770
21370
24320
2.5370
2.3995
2.7445
3.0670
6.7570
2.9020
2.7595
1.6145
1.6845
1.7395
1.8545
1.8920
1.6270
1.6370
1.7520
1.7795
1.3520
1.5770
1.5870
1.8070
1.6720
1.7070
1.7920

C/Co
0.0000
0.0085
0.0199
0.0330
0.1002
0.1190
0.0707
0.0805
0.0900
0.1154
0.1385
0.1531
0.1607
0.1809
0.1994
0.1989
0.2261
0.2402
0.2364
0.2410
0.2495
0.2606
0.3003
0.1476
0.3180
0.3628
0.3376
0.2800
0.3186
0.3324
0.3144
0.359
0.4018
0.8852
0.3802
0.3615
02115
0.2207
0.2279
0.2430
0.2479
02132
0.2145
0.2295
0.2331
0.1771
0.2066
0.2079
0.2367
0.2190
0.2236
0.2348
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Appendix B30 : continued

Time (hr)
188-190
196-198
202-204
208-212
216-218
230-232
236-240
248-250
254-256
260-262
264-266
273-276
280-282
286-288
290-292
100-302
306-308
314-316
318-320
326-328
336-338
342-344
350-352
360-362
364-366
372-374
174-378
380-382
184-386
388-390
196-398
404-406
410-412
418-420
426-428
432434
442-444
448-450
454-456
462-464
470-472

Volume (ml)
3306.00
3445.20
3549.60
3688.80
3793.20
4036.80
4176.00
4350.00
4454.40
4558.80
4628.40
4802.40
4906.80
5011.20
5080.80
5254.80
5359.20
5498.40
5568.00
5707.20
5881.20
5985.60
6124.80
6298.80
6368.40
6307.60
6577.20
6646.80
6716.40
6786.00
6925.20
7064.40
7168.80
7308.00
T447.20
7551.60
7725.60
7830.00
7934.40
8073.60
8212.80

Pore Volume
51.83
54.02
55.65
57.84
59.47
63.29
65.48
68.20
69.84
71.48
72.57
75.30
76.93
78.57
7966
8139
84.03
$6.21
S7.320
8948
9221
9385
96.03
98.76
99,83
102.03
103,12
104.21
10531
106.40
ID8.58
110,76
112.40
114.58
116,76
118.40
121.13
122.77
124.40
126.59
128.77

C effluent (mg L)
1.6920
1.8420
1.8720
2.0120
1.9420
2.3170
2.0370
3.4920
3.6220
3.8120
3.1220
3.8920
3.9320
3.6320
3.9820
35520
3.2820
3.5570
7520
38120
4.1670
4.0720
4.3470
4.4920
4.1620
15670
43770
4.5520
4.9320
4.5720
45120
4.2610
4.0820
4.1390
41800
4.2320
4.5620
4.3420
5.0620
5.2120
5.4920

CiCeo
0.2217
0.2413
0.2453
0.2636
0.2544
0.3036
0.2669
0.4575
0.4745
0.4994
0.4090
0.5099
0.5151
0.4758
0.5217
0.4653
0.4300
0.4660
0.4915
0.4994
0.5459
0.5335
0.5695
0.5885
0.5451
04673
05734
0.53964
0.6461
0.5990
0.5911
0.5582
0.5348
0.5423
0.5476
0.5544
0.5977
0.5688
0.6632
0.6828
0.7195

258



Appendix B31: Zn in synthetic leachate transport through KBS-3 column,
initial [Zn] =10 mg L', flow rate : 19 mg L

Time (hr)
0-3
355
5.5-9.5
9.5-13.5
13.5-23.5
23.5-27
27-31
31-35
35-37
45-47
47-49
49-51
53-55
57-59
60-68
70-72
74-76
80-84
90-92
94-96
100-103
106-108
114-116
118-121
122-124
128-130
139-142
146-148
152-154
160-164
166-168
170-172
176-179
184-188
190-192
194-196
200-202
208-210
212-214
216-218
222-224
226-228
229-233
233-234
234-236
236-238
240-242
244-246
251-252
252-254
256-258
260-262
266-268

Volume (ml)
18.00
65.50
141.50

217.50
407.50
474.00
531.00
607.00
645.00
702.00
740.00
778.00
816.00
892.00
1063.00
1139.00
1215.00
1367.00
1519.00
1595.00
1728.00
1823.00
1861.00
1956.00
2013.00
2127.00
2355.00
2469.00
238300
2773.00
2849.00
2925.00
3058.00
3229.00
3305.00
3381.00
3495.00
3647.00
3723.00
3799.00
3875.00
3951.00
4027.00
4122.00
4141.00
4179.00
4217.00
4293.00
4407.00
4445.00
4521.00
4597.00
4711.00

Pore Volume
0.28
1.03
222
141
6.39
743
833
9.52
10.11
11.01
11.60
12.20
12.79
13.99
16.67
17.86
19.05
IR
ns
25.01
27.09
2858
29.18
.67
31.56
235
36.92
87
40,50
4348
44.67
45.86
1795
50.63
51.82
53.01
5480
57.18
58.37
59.56
60.76
61.95
63.14
64.63
64.93
65.52
66.12
67.31
69.10
69.69
70.88
72.08
73.86

C effluent (mg L")
0.5975
3.0000
3.2744
2.2900
1.8913
1.9750
1.8725
1.7213
1.7950
2.9850
2.8750
29250
2.8325
2.1350
1.7895
2.0200
1.8595
1.7600
1.8425
1.8390
1.8075
1.7915
1.8440
3.6570
2.7395
24225
2.3450
2.0725
2.0770
2.2910
2.1030
1.9485
2.0490
1.8365
2.0165
1.9765
2.0415
2.1140
2.0345
2.0065
2.0380
1.8995
1.7040
2.0520
1.9170
1.9540
1.9990
4.3205
23045
2.5095
2.5400
2.5580
2.3010

C/Co
0.0655
0.3288
0.3589
0.2510
0.2073
0.2165
0.2053
0.1887
0.1968
0.3272
0.3151
0.3206
0.3105
0.2340
0.1962
0.2214
0.2038
0.1929
0.2020
0.2016
0.1981
0.1964
0.2021
0.4009
0.3003
0.2655
0.2570
0.2272
0.2277
0.2511
0.2305
0.2136
0.2246
0.2013
0.2210
0.2167
0.2238
0.2317
0.2230
0.2199
0.2234
0.2082
0.1868
0.2249
0.2101
0.2142
0.2191
0.4736
0.2526
0.2751
0.2784
0.2804
0.2522
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Appendix B31: continued

Time (hr)
268-270
277-278
278-280
280-282
286-288
293-295
295-297
306-308
310-312
315-317
327-329
331-333
334-336
349-351
133-3353
157-359
361-363
165-366
372374
380-382
384-386
388-390
392.194
394-396
RERSS [E]
402404
404-406
408-410
412414
416418
418420
420-426
426-428
4284320
430-432
432434
434-436
436-438
438440
0442
44244

4444455
445.5-50
450-451
451-452
452-453
453-454
454-455
455-456
456-458
458-459
459-460
460-461
461-463
463-465

Volume (ml)
4749.00
4901.00
4939.00
4977.00
5091.00
5224.00
5262.00
5433.00
5509.00
5604.00
5832.00
5908.00
5965.00
6060.00
613600
6212.00
6288.00
6343.00
6497.00
66449.00
6725.00
6801.00
6877.00
6915.00
6941.00
7067.00
TIni.00
718100
TI3T.00
TS
TIO0
T4T.00
7485.00
752300
7361.00
T399.0
7637.00
7675.00
7713.00
7751.00
7789.00
7817.50
7903.00
7922.00
7941.00
7960.00
7979.00
7998.00
8017.00
8055.00
8074.00
8093.00
8112.00
8150.00
8188.00

Pore Volume
74.46
76.84
77.44
78.03
79.82
81.91
82.50
85.18
86.38
87.86
91.44
92.63
93.52
95.01
96.21
97.40
98.59
99.48
101.87
10425
105.44
106.63
107.82
108.42
109.61
110.80
111.40
11259
11378
114.38
114.97
116.76
117.36
117.95
118.55
119.14
119.74
120.34
12093
121.53
122.12
122.57
123.91
124.21
12451
124.80
125.10
125.40
125.70
126.29
126.59
126.89
127.19
127.78
128.38

C effluent (mg L)
2.1835
2.0170
2.0855
1.9395
2.2255
1.5820
2.0330
2.0375
2.1475
2.0235
2.1470
2.1280
23340
2.2760
3.2003
2.2465
2.3665
23390
1.9685
3.0340
2.8170
2.6365
2.5950
2.6345
2.8850
3.1090
21455
s
11950
31,7595
10970
3.3955
3.2470
31,5530
4.1320
4.1800
39140
3.9340
4.0120
4.7320
4.1760
4.1220
4.2260
4.4100
4.6360
4.7260
4.3360
43960
4.4160
4.4580
4.6400
4.5360
4.4360
4.5340
4.6600

C/Co
0.2393
0.2211
0.2286
0.2126
0.2439
0.1734
0.2228
0.2233
0.2354
0.2218
0.2353
0.2333
0.2558
0.2495
0.3508
0.2462
0.2594
0.2564
0.2158
0.3326
0.3088
0.2890
0.2844
0.2888
0.3162
0.3408
03448
0.3411
0.32302
04121
0.438]
0.3722
0.3559
0.3895
0.4529
0.43582
0.4290
04312
0.4398
0.5187
0.4577
04518
0.4632
0.4834
0.5082
0.5180
0.4753
0.4819
0.4841
0.4887
0.5086
0.4972
0.4862
0.4970
0.5108
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Appendix B31: continued

Time (hr) Time (hr) Time (hr) Time (hr) Time (hr)
465-467 8226.00 128.97 4.9700 0.5448
467-469 8264.00 129.57 5.5960 0.6134
469-474 8359.00 131.06 49140 0.5386
474-476 8397.00 131.66 4.3820 0.4803
476-478 8435.00 13225 4.7120 0.5165
478-480 8473.00 132.85 5.3720 0.5888
480-482 8511.00 133.44 5.1200 0.5612
482-484 8549.00 134.04 5.0880 0.5577
486-488 8625.00 135.23 5.9400 0.6511
488-490 8663.00 135.83 5.4320 0.5954
490-496 8777.00 137.61 5.2840 0.5902
496-498 8815.00 138.21 5.2620 0.5768
498-500 8853.00 138.81 5.5280 0.6059
500-502 8891.00 139.40 5.8580 0.6421
502-504 8929.00 140.00 7.1280 0.7813
504-506 8967.00 140.39 7.8820 0.8640
506-508 9005.00 141.19 8.0280 0.8800
508-510 9043.00 141.78 7.3980 0.8109
510-512 9081.00 142,38 ~.4000 0.8111
512-514 9119.00 142,98 73320 0.8037
514-516 9157.00 143.57 6.9820 0.7653
516-518 9195.00 14417 7.7420 0.8486
518-520 9233.00 144.76 8.1620 0.8947
520-526 9347.00 146.55 8.2940 0.9091
526-530 9423.00 147.74 8.6520 ; 0.9484
330-332 9461.00 148.34 §.3980 0.9425
532-534 9499.00 14593 ®.1240 09124
534-536 9537.00 149.53 8.4780 0.9293
536-538 9375.00 150.12 7.398() 0.8109
538-540 9613.00 150.72 81420 0.8925
540-544 9689.00 151.91 74040 0.8116
S44-548 9765.00 15314 7.6000 0.8331
548-552 9841.00 154.30 7.2880 0.7989
§52-554 9879.00 154.89 74580 0.8175
554-356 9917.00 155,49 7.2520 0.7949
556-558 9955.00 156.08 7.5500 0.8276
558-560 9993.00 156.68 5.0460 0.5531
560-566 10107.00 158.47 4.2900 0.4702
566-568 10145.00 159.06 14680 0.2801
568-570 10183.00 159.66 4.4280 0.4854
570-574 10259.00 160.85 3.2660 0.3580
574-578 10335.00 162.04 1.2650 0.1387
578-580 10373.00 162.64 0.7110 0.0779
582-584 10449.00 163.83 0.3880 0.0425
586-588 10525.00 165.02 0.3000 0.0329
588-560 10563.00 165.62 0.2830 0.0310
560-562 10601.00 166.21 0.1518 0.0166
562-564 10639.00 166.81 0.2040 0.0224
564-566 10677.00 167.40 0.1995 0.0219
566-570 10715.00 168.00 0.1695 0.0186
570-572 10753.00 168.60 0.2055 0.0225
572-574 10791.00 169.19 0.2260 0.0248
574-576 10829.00 169.79 0.2745 0.0301

578-580 10867.00 170.38 0.1995 0.0219
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Appendix B31: continued

Time (hr) Time (hr) Time (hr) Time (hr) Time (hr)
582-584 10943.00 171.57 0.1995 0.0219
586-588 11019.00 172.77 0.1000 0.0110
590-592 11095.00 173.96 0.2020 0.0221
598-600 11247.00 176.34 0.1720 0.0189
600-602 11285.00 176.94 0.1640 0.0180
602-604 11323.00 177.53 0.0590 0.0065

Appendix B32: Cd in synthetic leachate transport through KBS-3 column,
initial [Cd] = 10mg L™ , flow rate : 20 mg L

Time (hr) Volume (ml) Pore Volume C effluent (mg L) CiCo
0-2 18.00 028 0.0000 0.0000
8-10 178.00 2179 0.0038 0.0004
16-18 33800 530 0.0100 0.0010
2224 458.00 7.18 0.0075 0.0007
28-30 578.00 9.06 0.0100 0.0010
40-42 818.00 12.83 0.0050 0.0005
42-50 GTRIN 15.33 0.0125 0.0012
52-54 1058.00 16.59 0.0075 0.0007
69.5-73.5 1528.00 2396 0.0050 0.0005
77-80 1658.00 26.00 0.0125 0.0012
88-90 1838.00 29,13 0.0100 0.0010
98-100 2038.00 3237 0.0100 0.0010
100-106 2178.00 415 0.0100 0.0010
106-112 2298 00 2603 0.0038 0.0004
112-118 24800 1741 0.0025 0.0002
122-125 2558.00 10.11 0.0088 0.0009
125-127 2618.00 41.05 0.0013 0.0001
128-130 267500 4199 0.0038 0.0004
134-136 2798.00 4187 0.0000 0.0000
142-144 29538.00 46.38 0.0000 0.0000
154-156 3198.00 50.14 0.0238 0.0023
162-164 EEREXL 5234 0.0725 0.0071
168-170 1458.00 54.22 0.1038 0.0101
182-184 3738.00 58.61 0.1588 0.0155
196-200 4058.00 63.62 0.3050 0.0298
200-202 4098.00 64.25 0.3075 0.0301
202-204 4138.00 64.88 0.3500 0.0342
204-207 4198.00 65.82 0.3975 0.0389
207-210 4258.00 66.76 0.4250 0.0416
210-214 4338.00 68.02 0.4788 0.0468
214-218 4418.00 . 69.27 0.5300 0.0518
218-220 4458.00 69.90 0.5413 0.0529
220-222 4498.00 70.52 0.6225 0.0609
222-225 4558.00 71.46 0.6225 0.0609
225-228 4618.00 72.41 0.6375 0.0623
228-231 4678.00 73.35 0.7025 0.0687
231-234 4738.00 74.29 0.7063 0.0691
240-242 4898.00 76.80 0.8213 0.0803
242-246 4978.00 78.05 1.1375 0.1112
246-250 5058.00 79.30 0.9600 0.0939

250-254 5138.00 80.56 0.9850 0.0963



Appendix B32 : continued

Time (hr)
254-258
264-268
268-272
272-276
276-280
280-282
288-292
292-296
298-300
302-304
312-314
316-318
320-322
126-330
116-338
140-342
149332
358-360
162-366
168-370
176-378
387-390
194-396
400-402
408412
414416
418420
424427
432436
418-440
142444
448430
456-4358
458-460
462-462
462464
464-466
466-468
468-470
470472
472474
474-479
479-480
480-482
482-484
484-486
486-488
488-490
490-492
492-494
494-496
499-500
500-502
502-504
504-506

Volume (ml)
5218.00
5418.00
5498.00
5578.00
5658.00
5698.00
5898.00
5978.00
6058.00
6138.00
6338.00
6418.00
6498.00
6658.00
6818.00
6898.00
7138.00
7298.00
7418.00
7478.00
7638.00
7878.00
7998.00
8118.00
8118.00
8198.00
8478.00
8618.00
§798.00
8878.00
R938.00
9018.00
9198.00
9218.00
9278.00
9318.00
9358.00
9198.00
9418.00
9478.00
9518.00
9618.00
9638.00
9678.00
9718.00
9758.00
9798.00
9838.00
9878.00
9918.00
9958.00
10038.00
10078.00
10118.00
10158.00

Pore Volume
81.81
84.95
86.20
87.46
88.71
89.34
92.47
93.73
94.98
96.24
99.37
100.63
101.88
104.39
106.90
108.15
111.92
114.42
116.31
117.25
119.76
123.52
125.40
12728
130.42
131.67
13293
135.12
137.94
139.20
140.45
141.71
144.21
144.84
145.47
146.10
146.72
147.35
147.98
148.60
149.23
150.80
151,11
151.74
152.37
152.99
153.62
154.25
154.88
155.50
156.13
157.38
158.01
158.64
159.27

C effluent (mg L)
1.0725
1.1950
1.2800
1.3550
1.3775
1.4550
1.6450
1.7675
1.8700
2.2300
2.3875
2.2650
2.5175
2.6550
2.9500
3.1025
3.3725
3.6125
35375
3.6625
3.9950
4.8600
4.6275
4.1475
5.1175
5.2350
5.7900
6.0100
5.9100
5.8400
5.9450
6.2550
6.2300
6.2300
6.2550
6.3900
6.3200
6.4400
6.5550
6.4500
6.3750
6.4050
6.4300
6.5100
6.4950
6.3600
7.0700
6.4050
6.7150
6.4750
6.7150
6.9800
6.7500
6.7250
6.7950

CiCo
0.1049
0.1169
0.1252
0.1325
0.1347
0.1423
0.1609
0.1729
0.1829
0.2181
0.2335
0.2215
0.2462
0.2597
.2885
0.3034
0.3298
0.3533
0.2460
0.3382
0.3907
0.4753
0.4526
0.4056
0.5005
05120
0.3663
0.5878
0.5780
03711
N.5814
06117
0.6093
0.6093
0.6117
0.6249
0.6181
0.6298
0.6411
0.6308
0.6235
0.6264
0.6289
0.6367
0.6352
0.6220
0.6914
0.6264
0.6567
0.6333
0.6567
0.6826
0.6601
0.6577
0.6645
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Appendix B32 : continued

Time (hr) Time (hr) Time (hr) Time (hr) Time (hr)
506-508 10198.00 159.89 6.8250 0.6675
508-510 10238.00 160.52 6.5750 0.6430
510-512 10278.00 161.15 6.7500 0.6601
512-514 10318.00 161.77 6.7500 0.6601
514-516 10358.00 162.40 6.7400 0.6592
516-518 10398.00 163.03 6.5350 0.6391
523-524 10518.00 164.91 7.0300 0.6875
524-526 10558.00 165.54 7.0350 0.6880
526-529 10618.00 166.48 7.0300 0.6875
532-535 10738.00 168.36 6.7850 0.6636
539-541 10858.00 170.24 7.4100 0.7247
541-543 10898.00 170.87 7.1200 0.6963
552-554 11118.00 174.32 7.5050 0.7340
556-538 11198.00 175.57 7.5950 0.7428
561-563 11298.00 177.14 83600 0.8176
565-567 11378.00 178.29 8.1350 0.7976
573-575 11538.00 180.90 8.1900 0.8010
577-579 11618.00 182.16 8.1450 0.7966
581-583 11718.00 183,72 $.0900 0.7912
596-398 12018.00 185,42 8.60350 0.8416
602-604 12138.00 190.31 9.9300 0.9711
606-608 12218.00 191.56 10.1900 0.9966
610-611 12278.00 192,51 10.0170 0.9797
617-619 12318.00 19312 10.1900 0.9966
621-623 12358.00 192.76 10.5700 1.0337
625-627 12438.00 195.01 10.9400 1.0699
629-631 12518.00 196.27 10,6800 1.0445
633-635 12598.00 197.532 10.8400 1.0601
637-640 12678.00 198.78 10.8400 1.0601
641-642 12718.00 199.40 9.2950 0.9090
643-644 12758.00 200.03 9.3030 0.9100
644-645 12778.00 200.34 9.4050 0.9198
643-647 12818.00 200.97 8.3350 0.8152
£47-648 12818.00 201.29 24850 0.2420
648-649 12853.00 201.6u 0.8250 0.0807
649-650 12878.00 201.91 0.5650 0.0553
650-651 12898.00 202.23 0.4200 0.0411
651-652 12918.00 202.54 0.3300 0.0323
652-653 12938.00 202.85 0.2700 0.0264
653-654 12958.00 203.17 0.3300 0.0323
654-655 12978.00 203.48 0.2250 0.0220
655-656 12998.00 203.79 0.1750 0.0171
656-657 13018.00 204.11 0.1350 0.0132
657-658 13038.00 204.42 0.1350 0.0132
658-659 13058.00 204.74 0.1300 0.0127
659-660 13078.00 205.05 0.1200 0.0117
660-661 13098.00 205.36 0.1050 0.0103
661-662 13118.00 205.68 0.1150 0.0112

662-663 13138.00 205.99 0.0750 0.0073



Appendix B33: Pb in synthetic leachate transport through KBS-3 column,
initial [Pb] = 10 mg L', flow rate : 22.1 mg L’

Time (hr)
0-2
24

12-14
16-18
22-24
28-30
38-40
46-48
54-56
64-67
72-74
78-80
88-90
96-98
102-104
112-114
120-124
128-130
136-138
146-148
162-164
176-178
184-186
192-194
206-208
216-218
232-234
246-248
254-256
264-266
276-278
284-286
290-292
292-294
302-304
308-310
316-318
324-326
326-328
330-332
337-340
350-352
355-358
358-360
360-364
364-367
367-370
376-378
378-380
380-382
382-384
386-388
391-394

Volume (ml)
4420
88.40
309.40
397.80
530.40

663.00
884.00
1060.80
1237.60
1480.70
1635.40
1768.00
1989.00
2165.80
2298.40
2519.40
274040
287300
1049.80
3270.80
362440
3933.80
4110.60
428740
4596.80
AN]TR0
5171.40
5480.80
5657.60
5878.60
6143.80
6320.60
643320
6497.40
6718.40
6851.00
7027.80
7204.60
7248.80
7337.20
7514.00
7779.20
7911.80
7956.00
8044.40
8110.70
8177.00
8353.80
8398.00
844220
8486.40
8574.80
8707.40

Pore Volume
0.69
1.39
485
6.24
832
10.40
13.86
16.63
19.40
23.22
25.64
2172
3L19
3396
36.04
29.50
4297
1508
47.82
51.28
56.82
61.68
64,45
67.22
07
7554
81,08
$35.93
88 70

245
96.12
99.10
101.18
101.87
105.34
107.42
110.19
112.96
113.65
115.04
117.81
121.97
124.05
124.74
126.13
127.17
128.21
130.98
131.67
13236
133.06
134.44
136.52

C effluent (mg L)
0.2150
0.1775
0.2238
0.1313
0.2088
0.1488
0.1363
0.0725
0.1938
0.0988
0.0638
0.0463
0.0850
0.0013
0.0875
0.0000
0.2450
0.0000
0.0000
0.0000
0.0000
0.0000
0.1450
0.1125
0.1263
0.0938
0.0663
0.0650
0.0325
0.1038
0.0300
0.0000
0.2400
0.0000
0.0000
0.0000
0.1625
0.0875
0.2138
0.0688
0.0988
0.0950
0.2825
0.3000
0.2275
0.2850
0.0550
0.1513
0.2525
0.0788
0.2950
0.0713
0.1288

CICo
0.0204
0.0168
0.0212
0.0125
0.0198
0.0141
0.0129
0.0069
0.0184
0.0094
0.0060
0.0044
0.0081
0.0001
0.0083
0.0000
0.0232
0.0000
0.0000
0.0000
0.0000
0.0000
0.0138
0.0107
0.0120
0.0089
0.0063
0.0062
0.0031
0.0098
0.0028
0.0000
0.0321
0.0000
0.0000
0.0000
0.0154
0.0083
0.0203
0.0065
0.0094
0.0090
0.0268
0.0285
0.0216
0.0270
0.0052
0.0144
0.0240
0.0075
0.0280
0.0068
0.0122
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Appendix B33: continued

Time (hr)
396-398
406-408
422-424
456-458

470-472
488-490
494-496
502-504
512-514
517-519
525-527
535-537
541-543
549-551
559-561
565-567
573-575
581-382
587-389
595-597
619-621
627-629
635-637
645-647
655-657
669-671
679-681
693-693
703-705
717-719
727-129
735-737
743-745
751-754
767-769

Volume (ml)
8795.80
9016.80
9370.40
10121.80

10431.20
10829.00
10961.60
11138.40
11359.40
11469.90
11646.70
11867.70
12000.30
12177.10
12398.10
12530.70
12707.50
12884.30
13016.90
13193.70
13724.10
13900.90
14077.70
14298.70
14519.70
14829.10
15050.10
152359.50
15580.50
15889,90
16110.90
16287.70
16464.50
16663.40
16994.90

Pore Volume
137.91
141.37
146.92
158.70

163.55
169.79
171.87
174.64
178.10
179.84
182.61
186.07
188.15
190.92
194.39
196.47
199.24
202.01
204.09
206.86
215.18
217.95
220.72
224.19
227.65
232.50
235.97
240.82
24429
249.14
252.60
255.37
258.15
261.26
266.46

C effluent (mg L™)
0.0221
0.2038
0.1225
0.1875

0.2138
0.1013
0.0113
0.0863
0.1413
0.1588
0.1475
0.1625
0.1013
0.2363
0.1013
0.1738
0.0338
0.1175
0.0900
0.2425
0.1600
0.2975
0.1775
0.1275
0.1000
0.1000
0.0762
0.0975
0.1038
0.0725
0.0525
0.0500
0.0000
0.0488
0.0450

Ci/Co
0.0021
0.0193
0.0116
0.0178

0.0203
0.0096
0.0011
0.0082
0.0134
0.0151
0.0140
0.0154
0.0096
n.n224
U.0096
0.0165
0.0032
0.0111
0.0085
0.0230
0.0152
0.0282
0.0168
0.0121
0.0095
0.0095
0.0072
0.0093
0.0098
0.0069
0.0030
0.0047
0.0000
0.0046
0.0043
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Appendix B34: Cu in synthetic leachate transport through KBS-3 column,
initial [Cu] = 10 mg L' , flow rate : 22.3 mg L

Time (hr)
0-2
2-4
45
5-6
6-7
7-8
8-9

9-10
10-11
11-12
12-13
13-14
14-15
15-19
19-20
20-21
21-22
2.0
23-24
2425
25255
25.5-26
26-26.5
26.5-27
27-27.5
27.5.28
28-28.5
28.5-29
29-29.5
29.5-30
30-30.5
30.5-31
31315
315325
325335
38-39
3940
4041
41-42
4243
4344
44-45
45-46
46-47
4748
48-49
49-50
50-51
51-53
59-60
60-61
61-62

Volume (ml)
44.60
89.20
111.50
133.80
156.10
178.40
200.70
223.00
245.30
267.60
289.90
312.20
33450
423.70
446.00
468.30
490.60
512.90
53520
557.50
568.65
579.80
590.95
602.10
613.25
624.40
635.55
646.70
657.85
669.00
680.15
691.30
702.45
724.75
747.05
869.70
892.00
914.30
936.60
958.90
981.20

1003.50
1025.80
1048.10
1070.40
1092.70
1115.00
1137.30
1181.90
1338.00
1360.30
1382.60

Pore Volume

0.70
1.40
1.75
210
245
2.80
315
3.50
3.85
4.20
ass
4.89
5.24
6.64
6.99
7.3
7.69
804
839
8.74
892
9.09
9.27
9.44
9.62
9.79
996
10,14
10.31
10.49
10.66
10.84
11.01
11.36
11.71
13.64
13.99
14.34
14.68
15.03
15.38
15.73
16.08
16.43
16.78
17.13
17.48
17.83
18.53
2098
21.33
21.68

C effluent (mg L")
0.1588
0.6203
1.1800
1.3700
1.1750
1.0350
1.1150
0.9800
1.2500
1.9800
3.0000
3.7350
5.0700
7.3800
9.1400
9.5600
10.0800
10.2500
11.0200
10.7000
111000
10.9600
13.5200
8.7050
5.6900
2.9030
3.0700
2.3950
1.7950
1.5250
20800
1.1700
0.9250
0.7300
0.6050
0.8600
0.7650
0.5000
0.3600
0.2750
0.2150
0.1850
0.1600
0.1750
0.2100
0.1600
0.1750
0.1400
0.1350
0.1050
0.1100
0.1350

CiCo

0.0164
0.0639
0.1216
0.1412
0.1211
0.1067
0.1149
0.1010
0.1289
0.2041
0.3093
0.3851
0.5227
0.7608
0.9423
0.9856
1.0392
1.0598
1.1361
1.1031
1.1443
1.1299
1.3938
0.8974
0.5866
0.4026
03165
0.2469
0.1851
0.1572
0.2155
0.1206
0.0954
0.0753
0.0624
0.0887
0.0789
0.0515
0.0371
0.0284
0.0222
0.0191
0.0165
0.0180
0.0216
0.0165
0.0180
0.0144
0.0139
0.0108
00113
0.0139
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Appendix B35: Cr in synthetic leachate transport through KBS-3 column,
initial [Cr]=10mg L, flow rate : 19.5 mg 2

Time (hr)
0-1
1-2
23
34
4-5
5-6
6-7
7-8
8-9

9-10
10-11
11-12
12-13
12-15
15-16
16-17
17-18
18-19
19-20
20-21
21-22
22-23
23.24
24.25
25-26
26-27
27-28
28-29
29-30
30-31
332
32-33

Volume (ml)
19.50
39.00
58.50
78.00
97.50
117.00
136.50
156.00
175.50
195.00

214.50
234.00
253.50
292.50
112,00
33150
151.00
AM.50
190,00
409.50
429.00
448.50
468.00
487.50
307.00
32650
546.00
563.50
S85.00
604.50
624.00
643.50

Pore Volume
0.31
0.61
0.92
1.22
1.53
1.83
2.14
245
275
3.06
3.36
367
3.97
459
489
5.20
5.50
581
6.11
6.42
6.73
7.02
7.34
7.64
1.93
R2%
236
RA7
9.17
943
978
10.09

C effluent (mg L™)
0.0000
0.0000
0.0000
1.1590
3.2890
4.8750
5.8950
6.8000
7.9250
7.3800
8.1450
8.7100
9.3400
9.6100
10.2350
10.8200
10.9550
10.2100
9.8750
10.9000
11.2850
11.0050
10.9000
9.8650
4.9020
1.0310
0.1415
0.0000
0.0000
0.0000
0.0000
0.0000

C/Co
0.0000
0.0000
0.0000
0.0979
0.2778
04117
0.4979
0.5743
0.6693
0.6233
0.6879
0.7356
0.7889
0.8117
0.8644
0.9139
0.9253
0.8623
0.8340
0.9206
0.9531
0.9295
0.9206
0.8332
0.4140
0.0871
0.0120
0.0000
0.0000
0.0000
0.0000
0.0000
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Appendix B36: Zn in synthetic leachate transport through KBS-2 column,
initial [Zn] = 10mg L', flow rate : 23.5 mg L™

Time (hr)
0-3
355
5.5-9.5
9.5-12
12-13.5
13.5-23.5
23.5-26
26-29
29325
32.5-35
3537
1447
47-530
50-52
5254
59-61

B8-7
72-74
76-78
82-86
92.94
96-98
102-105
108-110
116-118
120-124
126-128
132-134
143-146
150-152
156-158
164-168
170-172
174-176
180-183
188-190
192-194
194-196
200-202
208210
212-214
216-218
222-225
226-230
230-231
231-233
233-235
237-239
241-243
243-245
250251
251-253

Volume (ml)
70.50
129.25
22325
282.00
317.25
552.25
611.00
681.50
763.75
822,50
269.50
1104.50
1175.00
1222.00
1269.00
1433.50
1643.00
1739.00
1833.00
2021.00
2209.00
2302.00
2467.50
2585.00
2773.00
2914.00
3008.00
2149.00
EERINI I
RRR 1]
A713.00
3048.00
4042.00
4136.00
4300.50
4465.00
4559.00
4606.00
4747.00
4935.00
5029.00
5123.00
5287.50
5405.00
5428.50
5475.50
§522.50
5616.50
5734.00
5781.00
5922.00
5969.00

Pore Volume
111
2,03
350
442
497
8.66
9.58
10.69
11.97
12.90
13.63
17.32
18.42
19.16
19.90

22.48
25.79
27.27
28.74
31.69
3462
36.11
38.69
40.53
43148
45.69
47.16
49.37
53.79
56.01
58.22
61.90
63.37
64.85
67.43
70.01
71.48
72.22
74.43
77.38
78.85
80.32
82.90
84.74
85.11
85.85
86.59
88.06
$9.90
90.64
92.85
93.59

C effluent (mg L)
2.5781
2.6250
2.6825
1.9319
1.8325
1.6506
1.6475
1.7849
1.6363
1.6725
1.5269
1.6250
2.5638
1.6325
2.0575
1.7685
1.4250
1.8830
1.6750
1.6190
1.6065
1.7055
1.4325
1.5130
1.4090
1.5605
1.5230
1.2905
1.4490
1.7095
1.4930
1.6540
1.4390
1.5275
1.4315
2.0325
2.8135
1.5445
22720
1.9740
2.3085
1.9430
3.6990
1.7860
1.9490
1.8450
1.8430
1.9540
1.8070
39115
1.7105
1.5405

CiCo
0.2826
0.2877
0.2940
0.2118
0.2009
0.1809
0.1806
0.1956
0.1794
0.1833
0.1674
0.1781
0.2810
0.1789
0.2255
0.1939
0.1362
0.2064
0.1836
0.1775
0.1761
0.1869
0.1570
0.1658
01344
01711
0.1669
01415
0.1588
0.1874
0.1637
0.1%12
0.1577
0.1674
0.1569
0.2218
0.3084
0.1693
0.2490
0.2164
0.2530
0.2130
0.4035
0.1958
0.2136
0.2022
0.2020
0.2142
0.1981
0.4288
0.1875
0.1689
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Appendix B36: continued

Time (hr)
255-257
261-265
265-267
269-271
278-279
279-281
287-289
294-296
305-307
309-311
314-316
318-320
326-328
330-332
150-352
154-356
158-360
362-364
366-367
373375
431-433
433.435
435-437
437-439
4319441
441443
443945

445-446.5

446.5-451
451-452
4524352
453-454
454-455
455456
456-487
457-459
459-460
460-461
461461
462-464
464-466
466-468

468-468.5

468.5-470
470-475
475-477
477-478
478-479
479-480
480-481
481-482
482-483
483-484

Volume (ml)
6063.00
6251.00
6298.00
6392.00
6580.00
6627.00
6815.00
6956.00
7214.50
7308.50
7426.00
7520.00
7708.00
7802.00
7919.50
8272.00
8366.00
8460.00
8554.00
8624.50
8812.50
10175.50
10222.50
10269.50
10316.50
10363.50
10410.50
10457.50
10492.735
10598.50
10622.00
10645.50
10669.00
10692.50
10716.00
10739.50
10786.50
10810.00
10833.50
10857.00
10904.00
10951.00
10998.00
11009.75
11045.00
11162.50
11209.50
11233.00
11256.50
11280.00
11303.50
11327.00
11350.50
11374.00

Pore Volume
95.06
98.01
98.75
100.22
103.17
103.90
106.85
109.06
113.12
114.59
116.43
117.91
120.85
12233
124.17
129.70
13117
132.64
124,12
135.22
138.17
159.54
160.28
161.01
161.75
162.49
163.23
163.96
164.51
166.17
166.54
166.91
167.28
167.65
168.02
168.38
169.12
169.49
169.86
170.23
170.96
171.70
172.44
172.62
173.17
175.02
175.75
176.12
176.49
176.86
177.23
177.59
177.96
178.33

C effluent (mg L™)
1.5740
2.4005
1.6270
1.6185
2.1065
1.7535
1.7505
1.5165
1.8410
1.9755
1.7140
1.9310
21530
3.0955
12160
4.3660
5.3450
4.5745
45143
3.5810
5.5650
7.9100
8.2020
8.2880
7.9800
7.8000
79120
7.5820
8.4340
8.6360
8.2940
8.8900
8.1580
8.5240
8.6780
7.5660
8.2000
7.6360
7.6400
7.5760
7.6580
7.6520
7.9500
5.4460
4.6900
3.4780
4.8320
3.2640
1.4530
0.8610
0.4970
0.3190
0.3325
0.2675

CiCo
0.1725
0.2631
0.1783
0.1774
0.2309
0.1922
0.1919
0.1662
0.2018
0.2165
0.1879
0.2117
0.2360
0.3393
0.3525
04786
0.5859
0.5014
0.4948
0.6118
0.6100
0.8670
0.8990
0.9085
0.8747
0.8550
0.8673
0.8311
0.9245
0.9466
0.9091
09745
0.8942
0.9242
09512
0.8293
0.8988
0.8370
0.8374
0.8304
0.8394
0.8388
0.8714
0.5970
0.5141
0.3812
0.5297
0.3578
0.1593
0.0944
0.0545
0.0350
0.0364
0.0293
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Appendix B36: continued

Time (hr) Time (hr) Time (hr) Time (hr) Time (hr)
484-485 11397.50 178.70 0.2480 0.0272
485-486 11421.00 179.07 0.2910 0.0319
486-487 11444.50 179.44 0.2020 0.0221
487-488 11468.00 “179.81 0.2355 0.0258
488-489 11491.50 180.17 0.3260 0.0357
489-490 11515.00 180.54 0.3105 0.0340
490-491 11538.50 180.91 0.2480 0.0272
491-493 11585.50 181.65 0.2630 0.0288
493-499 11726.50 183.86 0.2500 0.0274
499-501 11773.50 184.60 0.2435 0.0267
501-503 11820.50 185.33 0.2315 0.0254

Appendix B37: Cd in synthetic leachate transport through KBS-2 column,
initial [Cd] = 10mg L, flow rate : 20.48 mg L™

Time (hr) Volume (ml) Pore Volume C effluent (mg L) CiCo
0-4 20.48 0.32 0.0013 0.0001
4-8 102.40 1.61 0.0038 0.0004
8-12 184.32 289 0.0000 0.0000
12-14 225.28 353 0.0100 0.0010
20-24 430.08 6.74 0.0000 0.0000
24-28 512.00 803 0.0050 0.0005
10-32 59392 9.3 0.0075 0.0007
16-38 716.80 11.24 0.0027 0.0003
4446 880.64 13381 0.0000 0.0000
48-50 962.56 15.09 0.0013 0.0001
52-54 104448 16.2% 0.0013 0.0001
58-62 1208.32 18.95 0.0000 0.0000
68-70 1372.16 21.51 0.0025 0.0002
72-74 1454.08 2280 0.0050 0.0005
78-81 1597.44 25.05 0.0050 0.0005
81-83 1638.40 25.69 0.0050 0.0005
89-91 1802.24 28.26 0.0025 0.0002
99-101 2007.04 147 0.0050 0.0005
108-110 2191.36 34.26 0.0050 0.0005
119-122 2437.12 3821 0.0100 0.0010
126-128 2560.00 40.14 0.2100 0.0205
132-134 2682.88 42.06 0.3250 0.0318
140-144 2887.68 45.28 0.5838 0.0571
146-148 2969.60 46.56 0.8288 0.0811
150-152 3051.52 47.84 1.0275 0.1005
156-159 3194.88 50.09 1.2200 0.1193
164-168 3379.20 5298 1.5675 0.1533
170-172 3461.12 5427 1.8275 0.1787
174-176 3543.04 55.55 2.1050 0.2059
180-182 3665.92 57.48 23300 0.2279
188-190 3829.76 60.05 26225 0.2565
192-194 3911.68 61.33 29225 0.2858
196-198 3993.60 62.62 3.2400 0.3169
202-204 4116.48 64.54 3.2900 0.3218

206-208 4198.40 65.83 35139 0.3437



Appendix B37: continued

Time (hr)
209-213
213-214
214-216
216-218
218-220
228-230
230-232
237-238
238-240
240-242
244-246
248-250
250-252
254-2356
263-264
264-266
266-269
272-274
280-282
291-293
295-296
303-305
311313
315-317
319-22)
334-336
138-340
342-344
346-348
350-352
372374
374373
375-376
376-377
377378
378-380
380-381
381-382
382-383
383384
384-385
385-386
386-387
387-388
388-389

Volume (ml)
4300.80
4321.28
4362.24
4403.20
4444.16
4648.96
4689.92
4812.80
4853.76
4894.72
4976.64
5058.56
5099.52
518144
534528
3386.24
5447.68
5550.08
5713.92
3919.20
6000.64
6184.96
6348.80
6430.72
6512.64
6819.84
6901.76
6983.68
T065.60
7147.52
T598.08
7618.56
7639.04
7659.52
7680.0
772096
7741.44
7761.92
7782.40
7802.88
7823.36
7843.84
7864.32
7884.80
7905.28

Pore Volume
67.43
67.75
68.40
69.04
69.68
72.89
73.53
75.46
76.10
76.74
78.03
79.31
79.95
81.24
RiRI
84.43
8541
§7.02
89.59
9112
94.08
96,97
99.54
100.83
102.11
106.93
108.21
109.50
110.78
112.07
119.13
119.45
119.77
120.09
120.41
121.06
121.38
121.70
122.02
122.34
122.66
122.98
123.30
123.62
123.95

C effluent (mg L)
3.7550
3.7700
3.9150
4.0200
5.1100
4.5000
3.3400
4.5700
4.8650
5.0700
5.1550
5.8100
5.1900
5.5400
6.3700
6.5050
6.7200
7.0000
7.3550
7.5900
7.8850
8.3250
8.8800
8.9550
8.8250
10.7800
10.1050
11.8200
11.9400
11.2000
9.6750
8.9850
9.5100
7.4800
2.1250
0.7300
0.5400
0.4650
0.3700
0.3250
0.2650
0.2350
0.2100
0.2000
0.1700

CiCo
0.3672
0.3687
0.3829
0.3932
0.4998
0.4401
0.3267
0.4469
0.4758
0.4958
0.5042
0.5682
0.5076
0.5418
0.6230
0.6362
0.6572
0.6846
0.7192
0.7423
0.7711
0.8142
0.8685
0.8758
0.8631
1.0543
0.9883
1.1560
1.1677

1.0954
0.9462
0.8787
0.9301
0.7315
0.2078
0.0714
0.0528
0.0455
0.0362
0.0318
0.0259
0.0230
0.0205
0.0196
0.0166
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Appendix B38: Pb in synthetic leachate transport through KBS-2 column,
initial [Pb] = 10mg L, flow rate : 19 mg L

Time (hr)
0-2
6-8

16-18
24-27
32-34
42-44
50-52
56-58
66-68
74-76
80-82
90-92
94-96
F102
104-106
114-116
124-126
130132
140-142
150-152
156-158
166-168
174-176
132-134
192-194
Jon-202
206-208
216-218
224.226
2320
240242
248-250
254.236
250-258
262-264
270-272
280-284
294-296
310-312
128-330
334-336
352-354
358-360
366-368
368-370
370-372
374-376
376-378
378-380
380-382
382-384
390-392
392-394

Volume (ml)
38.00
152.00
342.00
513.00
646.00
836.00
988.00

1102.00
1292.00
1444.00
1558.00
1748.00
1824.00
1938.00
2014.00
2204.00
2394.00
2508.00
2698.00
2888.00
3002.00
3192.00
3344.00
3496.00
1686.00
1838.00
3952.00
4142.00
4294.00
4446.00
4598.00
4750.00
4864.00
4902.00
5016.00
5168.00
5396.00
5624.00
5928.00
6270.00
6384.00
6726.00
6840.00
6992.00
7030.00
7068.00
7144.00
7182.00
7220.00
7258.00
7296.00
7448.00
7486.00

Pore Volume
0.60
2.38
5.36
8.04
10.13
13.11
15.49
17.28
20.26
22.64

24.43
27.41
28.60
30.29
31.58
34.56
37.54
19.32
42.30
45.28
47.07
50.05
5243
54.81
57.79
60.18
61.96
64.94
67.33
69.71
72.09
74.47
76.26
76.86
78.65
81.03
84.60
88.18
92.94
98.31
100.09
105.46
107.24
109.63
110.22
110.82
112,01
112.61
113.20
113.80
114.39
116.78
117.37

C effluent (mg L)
1.2000
0.4813
0.5250
0.7313
0.7500
0.8063
1.0000
1.0906
0.9188
0.8625
1.1250
1.1563
0.7500
10.9438
0.7875
0.2050
0.2150
11963
0.2063
0.2100
0.2313
0.1863
0.1038
0.1773
01100
02075
0.0725
0.2050
0.1473
0.0473
0.2400
0.0675
0.1200
0.1638
0.1288
0.0975
0.1300
0.1575
0.1175
0.0925
0.1075
0.1688
0.1625
0.4175
0.1550
0.1600
0.1950
0.1175
0.1825
0.1338
0.1475
0.1575
0.1625

CICo
0.1139
0.0457
0.0498
0.0694
0.0712
0.0765
0.0949
0.1035
0.0872
0.0818
0.1067
0.1097
0.0712
0.088%
0.0747
0.0194
0.0204
00186
0.0196
0.0199
0.0219
0.0177
0.0098
0.0163
0.0104

Qe

0.0069
0.0194
0.0140
0.0045
0.0228
0.0064
0.0114
0.0153
0.0122
0.0003
0.0123
0.0149
0.0111
0.0088
0.0102
0.0160
0.0154
0.0396
0.0147
0.0152
0.0185
0.0111
0.0173
0.0127
0.0140
0.0149
0.0154
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Appendix B38: continued

Time (hr)
394-3196
398-400
412414
420-423
436-438
443-446
446-448
448-452
452-455
455-458
464-466
466-468
468-470
470472
472-474
474476
476479
494-496
504-506
510-512
520-523
528-530
560-562
568-570
578-580
584-586
592-594
602-604
615-617
625-627
639-641
649-635
655-657
663-665
676-675
679-681
697-699
713-715
721-723
729-731
737-7139
745-747
761-763
771-773
783-785
793-795
803-805
815-817
825-827
831-833
847-850
863-865
873-875

Volume (ml)
7524.00
7600.00
7866.00
8037.00
8322.00
8474.00
8512.00
8588.00
8645.00
8702.00
8854.00
8892.00
8930.00
8968.00
9006.00
9044.00
9101.00
9424.00
9614.00
9728.00
9937.00
10070.00
10602.00
10754.00
10944.00
11058.00
11210.00
11400.00
11647.00
11837.00
12103.00
12369.00
12407.00
12559.00
12749.00
12958.00
13300.00
13604.00
13756.00
13908.00
14060.00
14212.00
14516.00
14706.00
14934.00
15124.00
15314.00
15523.00
15713.00
15827.00
16150.00
16435.00
16625.00

Pore Volume
117.97
119.16
12333
126.01
130.48
132.86
133.46
134.65
135.54
136.44
138.82
139.42
140.01
140.61
141.20
141.80
142.69
147.76
150.74
152.52
155.80
157.89
166.23
168.61
171.59
173.38
175.76
178.74
182.61
185.59
189.76
192,93
194.53
196.91
199.89
203.17
208.53
213.30
215,68
218.06
220.45
222.83
227.59
230.57
234.15
237.13
240.11
243.38
246.36
248.15
253.21
257.68
260.66

C effluent (mg L")
0.1763
0.1838
0.1250
0.1538
0.1775
0.1563
0.3000
0.2425
0.2413
0.1113
0.1600
0.0988
0.1138
0.1425
0.1900
0.3300
0.1025
0.1288
0.1963
0.1725
0.1663
0.1773
0.3325
0.0000
0.0000
0.0000
0.0000
0.0000
0uITs
0.2550
1775
0.0000
0.0375
0.0475
G.0038
0.0050
0.2850
0.2100
0.2025
0.1750
0.1525
0.1525
0.1550
0.1500
0.2175
0.5600
0.7350
0.7250
0.9350
0.7600
0.8200
0.8350
0.7400

Cl/Co
0.0167
0.0174
0.0119
0.0146
0.0168
0.0148
0.0285
0.0230
0.0229
0.0106
0.0152
0.0094
0.0108
0.0135
0.0180
0.0313
0.0097
0.0122
0.0186
0.0164
0.0158
0.0168
0.0315
0.0000
0.0000
0.0000
0.0000
0.0000
0.0017
0.0242
0.0168
0.0000
0.0036
0.0045
0.0004
0.0005
0.0270
0.0199
0.0192
0.0166
0.0145
0.0145
0.0147
0.0142
0.0206
0.0531
0.0697
0.0688
0.0887
0.0721
0.0778
0.0792
0.0702
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Appendix B39: Cu in synthetic leachate transport through KBS-2 column,
initial [Cu] = 10 mg L', flow rate : 17 mg L"

Time (hr)
0-2
2-4
4-5
5-6
6-7
7-8
89
9-10

10-11
11-12
12-13
13-14
14-15
15-19
19-20
20-21
21-22
221
23-24
24-25
25-25.5
25.5-26
26-26.5
26.5-27
27-27.3
27.5-2%
28-28.5
28.5-29
29-29.5
29.5-20
30-30.2
30.5-31
3213
31.5-325
325315
38-39
39-40
40-41
4142
4243
4344
44-45
45-46
46-47
4748
48-49
49-50
51-52
52-53
53-54
54-56
62-63
63-64

Volume (ml)
17.00
51.00
68.00
85.00
102.00
119.00
136.00
153.00
170.00
187.00

204.00
238.00
255.00
272,00
289.00
106.00
323.00
340,00
157.00
374.00
382.50
391.00
199.50
408.00
416.50
425.00
433.50
442.00
430,50
459.00
467.50
476.00
48450
501.50
518.50
612.00
629.00
646.00
663.00
680.00
697.00
714.00
731.00
748.00
765.00
782.00
799.00
833.00
850.00
867.00
901.00
918.00
935.00

Pore Volume
027
0.80
1.07
1.33
1.60
1.87
213
2.40
2.67
293
320
173
4.00
426
4353
4.80
5.06
533
5.60
5.86
6.00
6.13
6.26
6.40
6,51
6.66
6.80
6.93
7.06
720
7.3
7.46
7.60
7.86
8.13
9.60
9.86
10.13
10.40
10.66
10.93
11.19
11.46
11.72
11.99
12.26
12.53
13.06
13.33
13.59
14.13
14.39
14.66

C effluent (mg L)
0.1063
0.0538
2.2450
4.4750
5.5900
4.3550
6.7200
5.2900
4.5200
4.1400
3.8400
3.9100
31,9400
4.4400
7.8400
9.1181
10.3600
11.2200
10.2000
10.4000
10.5000

110.0000
10.2000
10.0500
10.2000
10.5000
10.6000
B8.9184
5.7700
3.5438
4.3400
1.6563
1.0550
0.8700
0.5700
0.1750
0.1600
0.1750
0.1400
0.1750
0.1350
0.3400
0.1350
0.1350
0.1150
0.1450
0.1900
0.2100
0.2050
0.1750
0.1550
0.1500
0.1450

C/Co
0.0110
0.0055
0.2314
0.4613
0.5763
0.4490
0.6928
0.5454
0.4660
0.4268
0.3959
0.4031
0.4062
04577
0.8082
0.9400
1.0680
1.1567
1.0515
1.0722
1.0825
11.3402
1.0515
1.0361
1.0515
1.0825
1.0928
0.9194
0.5948
0.3653
0.4474
0.1707
0.1088
0.0897
0.0588
0.0180
0.0165
0.0180
0.0144
0.0180
0.0139
0.0351
0.0139
0.0139
0.0119
0.0149
0.0196
0.0216
0.0211
0.0180
0.0160
0.0155
0.0149

275



Appendix B40: Cu in synthetic leachate transport through KBS-2 column,
initial [Cu] = 10 mg L™ , flow rate : 17 mg L

Time (hr)
0-1
1-2
2-3
34
4-5
5-6
6-7
7-8
8-9
9-10

10-11
11-12
12-13
13-1%5
13-16
16-17
17-18
IR-19
19-20
20-21
21-22
2223
2314
24-25
2526
427
27.28
28-29
9.3
-3

-2

Volume (ml)
20.50
41.00
61.50
82.00
102.50
123.00
143.50
164.00
184.50
205.00
225.50
246.00
266.50
307.50
128.00
348.50
369.00
189.50
410.00
430.50
451.00
471.50
492.00
512.50
533.00
553.50
574.00
594.50
615.00
635.50
656.00

Pore Volume
0.32
0.64
0.96
1.29
1.61
1.93
2.25
2.57
2.89
3.21
3154
186
418
4.82
5.14
5.46
579
6.11
6.42
6.75
1.07
7.39
7.71
8.04
8.36
B.68
9.00
9.32
9.64
9.96
10.29

C effluent (mg L)
0.0000
0.0000
0.0000

- 0.0000
0.4385
1.9785
2.8105
41195
5.5800
6.3300
7.8500
9.2550
9.9850
10.2050
10.4800
1103550
11,1750
140, 3%t
10.3700
11.0700
11,4700
10.8700
11.1100
10.9600
6.8250
1.8485
0.5405
0.0080
0.0000
0.0000
0.0000

CiCo
0.0000
0.0000
0.0000
0.0000
0.0370
0.1671
0.2374
0.3479
04713
0.5346
0.6630
0.7817
0.8423
0.8619
0.8851
0.9337
0.9438
0.8767
0.8758
0.9350
0.9688
09181
091383
0.9257
0.5764
0.1308
0.0457
0.0007
0.0000
0.0000
0.0000
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Abstract: The distribution of heavy metals i landfill leachate contaminated to soil was investigated. Soil
samples were collected at different times of the year as well a3 at various locations and depths in and around
the landfill and throughout the contaminated area. The physical and chemical properties of the samples were
analyzed The results indicated that the heavy metals, namely Cd, Cr, Pb, Cu and Zn were significant
concentrations in the soil within a radius of 2,000 m from the landfill. The S, "s rank lation coefficient
indicated that the app of high Cation exchange capacity, clay oumut and organic matter are statistically
correlated with the high heavy metals accumulation. Moreover, the Fe and Mn oxide/oxyhydroxides plays
important role in controlling heavy metals sink n soil as pointed out by the Spearman ‘s rank comelation
coefficient which corresponding to the soil type, red loess with high iron oxide, in the study area.

Key words: Soil contamination, heavy metals comamunation, municipal waste, hazardous waste, opened dump

site, red loess

INTRODUCTION

Sanuary landfill s the most common method of
disposal of solid waste and the most popular ultimate
disposal option (Ward es al, 2005). The disposed of
municipal waste contain a mixture of many chemical
compounds originating from the various discarded
products (Jones-Lee and Lee, 1993; Slack er al, 2005). A
number of these chemicals are released during the lifetu
of the landfill and resulted in released of heavy metals to
the environment. Consequently, an unknown ber of

toxic sul will be presented in the landfill leachate
(Baun eral,, 2004), E\hen though landfill technol :,in
d Cf" A Faril are A T 4 to 1 2

minimize the potential adverse impact of the waste onrhe

12 envi ion of inated
leachate sul] remains  an mevnable The subsequent
migration of leachate away from landfill boundaries and
its release into the adjacent environment is a senous
environmental pollution concem (Jones-Lee and Lee,
1993).

Leachate migration has been implicated worldwide in
environmental pollution because it eomams \ranou: types
of toxic chemicals, for I
substances especially, heavy mzt.als (Barkw etal, 1988
Fetter, 2001, Voegelin er al, 2003, Slack ef al., 2005,
Sparks, 2005). Local soil, surface water and groundwater
can be contaminated with the chemical substances from
the leachate. This 1on could affect any adjacent
emvironmental receptors such as vegetation, plants, soil
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Fig. 1: The location of the study arca at Kham Bon village, Khon Kaen Provinee, Northeast Thailand

us well as water supply sources, causing  risk to human
health. Thus, it is imponant 1o understand the eflect of
leachat nation on these P

Heavy metals  polluwion has  reised  serious
environmental  concerns  worldwide  becuuse  bio-
accumulation of these el bevond the tol

“The study aims 10 evaluate the vertical distribution
and the downward mobility ot Cd, Pb, Cr, Cuand Zn in
soil around the landfill site as well as 1o determine the
fuctors influencing mobility,

hresholds of living pose long term risk to the
eurth’s ecosystem (Voegelin er af.. 2003, Sparks. 2005).
The muin Aows of hesvy metals to the environment are
from industrial and municipal wastes, both ol which
contained a variety of toxic heavy metals. The hemy
metals commonly lound in landfill lenchate include Cr, Cd.
Pb, Hy. Ni, Cu, Zn, Fe and Se (Urase er al., 1997). The
actual number and concentration of heavy metals in the
leachate varies from one landfill to another.

Heavy metals in leachate from landfills have been
extensively studied and monitored (Yong, 2001 Selim and
Sparks, 2001 ). The major part of the metals is retained in

Description of the study area: The landfill site is located
at Kham Bon village. Muang Mistrict. Khon Kacn
Provinee, N.E. Thailand (Fig. L), [t is ubout 17 km North off
Khon Ksen City slong the Friendship Highway and
comprises an area of 15 ha. The study area extends over
some 3200 ha. The landfill is located on a ndge abow
190 m ubove meun sea level at the interfluves between the
Huai (rivudet) Mak Ngo w the north and the Huai (rivulet)
Kham Bon 10 the South. The ridge is part of the rolling
terrain of the high terrace, o geomorphological feature of
the Khon Kaen region (Boonsener, 1991) and slopes
graduaily eastwards 1o the floodplain of the Pong River.

the landfill. As a consequence, it must be expected that
leaching ol heavy metals from the landfills will

The outskints of these villages are used for growing rice.
cassava and sugar cane as well as tish farming.

for a long time (Freeze and Cherry. 1979; Fetter, 2001
Sclim and Sparks, 2001 Yong. 2001). It can take vears
betore groundwater pollution reveals itsell’ and chemicals
n the leachates often react synergistically and often in
unanticipated ways to affect the ecosystem (Lee and
Shechan, 1996). Shanma and Reddy (2004) reported
that waste i and diation probl

quire an 4 ding of the ph | and chemical

Chuangcham 1 af. (2005) reported that geologically
the landfill site is underlain by fractured. reddish-orange
siltstone of the Khok Kruat Formation which is part of the
Khorat Group. The bedrock is overlain by silty sand soil
auributed to the Red Loess lithostratigraphic unit of the
Quaternary deposits of Northeast Thailand (Boonscner.
1991). These red beds fonn the foundation of the landiillL
Red locss is composed of silt and fine to very fine sand.

charactenistics of the subsurface and the abiliy 10
engineer pollution control snd remove the contaminunts.
Thus, it is important to charscterize the site before starting
others applicution.

It is b 2 and has no internal structure with
quartz as the predominant mineral comy t. It also has
very high dry strength bul loses grain cohesion rapidly
when it is wet. With reference W the collupsible behaviour
of this loess, it cun be interpreted that in rminy season, the
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leachate can flow through this loess more easily than in
the dry season. Generally, the red loess layer varies in
thickness from 1-8 m. The average thickness is about Sm.
It is situated approximately 180-220 m above mean sea
level. From the borehole exploration, it is found that the
average thickness of the landfill is 5m.

The average annual rainfall is approximately
1750 mm, with about 8¢ falling between June and
September. The average relative hunudity 1s 75% and the
potential evaporation rate is about 1575 mm year™, with
the hughest evaporation occurring between February and
June. The average annual temperature is 26.5°C, with an
average maxinum of 33°C i Apnl and an average
minimum of 20°C in January.

Results from the aerial photograph interpretation and
the topographic map analysis (Chuangcham ef al., 2005)
confirm that the topography of the study area plays an
important role to the surface water flow directions at the
landfill site. Water drains northwards from the landfill into
the Sam Chan reservoir and then flows eastwards to the
Huai Mak Ngo before discharging to the Pong River
Water draimung southwards from the landfill enters the
Huai Kham Bon and flows eastwards into an oxbow lake,
Nong Bung on the Pong River floodplain. Field
investigation revealed that the water table 15 located at
1 1o 5 m below the ground surface in the shallow aquifer
and is encountered from 9-15 m in the deep aquifer.

The Kham Bon landfill has been receiving refuse
since 1968, Several of the old non-active refuse arcas do
not have liner systems installed A loessial soil was used
as daily and mtermediate cover at the site. The site 1s

pable of fating approximately 200 t day™ of
mixed wastes. The wastes which are disposed of at this
site consist mainly of food and fruit, plastics. paper,
wood, glass, metals and related municipal garbage
Additionally, hazardous wastes, for example, batteries,
fluorescent lamp wibes and aerosol spray cans, are pari of
the waste stream (Kirathithom, 2004). The proportion of
different wastes at the Kham Bon landfill site 1s shown in
Fig. 2 (Piyaprasit, 1996). Field observations indicate that
the efficiency of the mixed waste treatment is likely to be
poor. The landfill receives all types of waste materials,
particularly solid and hazardous wastes. The different
wastes are commingled together without proper sorting
and are piled on the ground for natural decomposition
Frequently, the wastes are mcmerated on the open
ground so as to reduce their quantities. By such
inappropriate disposal methods, the wastes have created
not only a serious environmental pollution problem but
also a threat to public heath and safety. They are a source
of houseflies and produce unpl t odors. M er.

p

they could distribute disease pathogers and generate

Food waste
4%

Fig. 2 Percentage distribution of wastes deposited in
Kham Bon landfill (Piyaprasit, 1996)

contanuinated leachate. This leachate contains various
pollutants and toxic substances, especially heavy metals,
which mugrating, mfiltrating and descending i the soil
profile to comaminate the adjacent surface water and
groundwater (Boonsener e al., 1994; Chuangcham er al..
2005),

MATERIALS AND METHODS

Soil sampling: A sampling strategy was established on
the basis of site history and the preliminary
reconmissance o exhibit more vanability in metal
concentrations. Soils were sampled at dilferent locations
and depths in and around the landfill and throughout the
contantinated pans of the site. The first sampling round
was conducted on 12-13 December, 2004 during the dry,
winter season. The second set of samples was collected
on 14-15 May, 2005 during the peak dry period. The final
set of samples were taken on 25-26 August, 2005 during
the rainy season.

The aerial photograph and topographic map covered
the study area were used planning for soil sampling. In
the first pling, 24 soil ples were gathered at a
depth of 15 em below the ground surface within a radius
of 1500 m from the landfill and its surrounding area
covering Kham Bon village (Fig. 3A). The results of
sampling analysis were used to design the detailed
sampling strategy.

Then, the second sampling was performed The 38
soil samples were collected Two samples were collected,
one each at depths of 15 and 30 cm at each pount from a
random square grid on a circle witlun successive radii of
500, 1000, 1 500and 2000 m away from the landfill (Fig. 3B).

1385

280



J. Applied Sci., 8 (8): 1383-1394, 2008

Fig. 3: Location of soil sample collected in all pertods of
sampling

The samples were closely spaced near the landfill site and.

along the ditch but spaced less closely with increasing
distance from the site. Sam Chan village was included in
this sampling to study the distibution of heavy metals
falling within a radius of 2000 m.

The final sampling, 36 soil locations considerabl

big ploughshares (= 45-50 cm long) during cultivation.
The depth below 60 cm was determined as the zone of
natural or artificially undisturbed soil. These soil samples
were analyzed as a composite sample in each depth
interval.

Soil analysis: The soil samples collected from the landfill
site and adjacent area were air-dried and ground to pass
theough a 2 nun stainless steel sieve o remove gravel and
rock, then were homogenized and stored for subsequent
analysis. Physical and chemical properties of the soil
samples were determined: Particle Size Distribution (PSD),
pH; Electrical Conductivity (EC); Organic Matter (OM)
and Cation Exchange Capacity (CEC). The PSD was
measured and classified using a standard US Department
of Agriculture soil textural classification (USDA
classification). The soil pH was found from a 1:1 HO
dilution. EC was measured using a conductivity meter.
OM was determined by the wet oxidation method of
Walkley and Black. Finally, the CEC was estumated by 1 M
NH,OAC method. For metal analyses, total recovery
concentrations for all metals were measured wsing hot
plate digestion with nitric acid following method 3050 B
(US EPA, 1995). All metals (Cd, Cr, Pb, Zn, Fe, Mn) were
analyzed using Shumadzu AA 6501F Series Flame Atomic
Absorption (FLAA ) Spectrophotometer.

The statistic analysis was performed by using
Spearman’s rank comrelation coefficient, in SPSS 15.0 for
Windows Evaluation Version, to test for a significant
association between variables. The correlation between
sotl properties (clay fraction, pH, OM. CEC) and seven
metals (Cr, Cd, Cu, Pb, Zn, Fe and MnJ were calculated.
The comow maps were generated by surfer 70 from
Golden software.

RESULTS AND DISCUSSION

Physicochemical characteristics of soils: The 108 soil

polluted by leachate (Fig. 3C) was sampled at several
depths. This final sampling was designad to obtain the
spatial distribution of the inant i

samples were subjected Lo grain size analysis. The results
revealed that the soils of the study area are medium to

both laterally and as a function of depth. The sample
locations were selected from significant concentration of
heavy metals revealed in the site as well as from the
surface drainage in the study area. The samples were
collected by hand auger from 3 depth intervals below the
ground surface: 0-30, 30-60 and 60-9%0 an. The zone of
0-30 cm depth is regarded as the disturbed zone I because
within that range, fanners have used ploughs with small
ploughshares (= 20-25 cm long) for cultivating crops
whereas the zone of 30-60 cm 1s regarded as the disturbed
zone I1. This is because [armers have used ploughs with

d ly fine-textured soils and include coarse-textured
soil. They can be classified as Clay Loam (CL) to Silty
Clay Loam (SCL), Sandy Loam (SL), Loamy Sand (LS)and
Sand (5), respectively. The fine textured soil was found
only n the eastemm pant of the study area (Nong Bung)
whiclh 1s the receptor of leachate from Huai Kham Bon,
F g on the p wage of clay content distributi
in the study area, the high distribution of clay content are
found along the ditch of landfill leachate in the central, the
leachate receptors; Huai Mak Ngo in the northem pan,
Huai Kham Bon in the southeastem pant and Nong Bung
inthe eastem part of the study area (Fig. 4). Moreover, an
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Fig. 4: Percent of clay content distribution for all soil at

The percentage of soil organic matter content ranged
from 0.05-2.5%. Figure 5 indicates that the highest organic
matter values were concentrated in the central and eastern
parts of the study area. Moreover, it was observed that
the organic matter are decreased descending with depth
This is because the top soil is composed of more humus
which obtained from d posed of plants and animals
and the humus is decreased descending with depth
(Sparks, 1986).

The cation exchange capacity of the soil samples
ranged from 0.7-10.7 meq 100 g~ of soil. As shown in
Fig. 6 the soil samples collected in the part of the
study area displayed the higher CEC values for all
different levels. Moreover, it was observed that the CEC
value in the disturbed zone | is lower than other zones.
The reason is that the disturbed zone [ is the agricultural
activities zone. [t is always disturbed by human activities
inall seasons resulting in the I ion of its prop:
From the observation, it can be concluded that the high
orgamic matter and clay content are related to the high
CEC n soil (Banat er al . 2005, Sparks, 2005).

It should be remarked here that these physical and
chemical propenties of soil in the distributed zone [ and 1
(0-60 em depth) as reported above showed the fluctuation
when companng 1o the natural zone (60-90 em depth) due
to the agricultural activities.

Distribution of metals: Five metals Cr, Cd, Pb, Cuand Zn
in soil samples were analyzed in this research as
reported in Table 1. Heavy metals analysis from the first
sampling period as shown i Fig. 7 pointed out that
Cr concentration in  soil varied within the range of
0.1-5.6 mg kg™ whereas the concentration of Pb was in
the range of 5-23 mg kg™ The Cd concentration in soil
ranged from 1.8-3.0 mg kg™ Also, the concentration of’
Zn and Cu ranged from 0.9-55.0 and 0.9-12.7 mg kg™,

0-90 em depthy in the third period of sampli

=

ing of the p ge of clay content with depth
was recorded in the soil collected throughout the study
area. The medium textured soil was deposited in the
central part of the study area which is near the leachate
drainage ditch. The rest of the area is covered by the
coarse textured soil
Comsidering individual parameters, the pH values
of 684 displayed relatively uniform  distnibutions
throughout the study area. Slightly acidic soil was found
at the leachate ditch and near Sam Chan reservoir in the
central to northem parts of the study area. In contrast,
slightly alkaline soil was found in the eastemn part of the
study area.

pectively. The Znand Cu concentrations are typical of
landfill leachate. The sources of Zn are Morescent tubes,
battenies and variety of food wastes whereas discarded
food is the main source of Cu. The Pb, Cd and Cr ions are
toxic heavy metals (Roy et al., 1991) which are found in
the study area. High levels of heavy metals were
encountered in the Sam Chan reservoir and along the
rivulet in the southeastemm pan of the study area. The
Ihighest concentration of heavy metals was recorded close
to the landfill site within a radius of 500 m, decreasing with
distance from the site. Focusing on the physicochemical
parameters of soil that nfluencing the heavy metals
deposition, it shows that the high heavy metals
accumulation was agreed with the high of clay content,
CEC and organic matter.
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Fig. o: Cation exchange capacity of all soil at 0-90 cm depth in the third period of sampling
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Fig. 7: Heavy metal concentrations at O-1 5 cm depth in the first period of sampling

The study was extended in the second sampling
period to collect soil samples at two levels (0-15 and
15-30 cm in depth) at each point of sampling (Fig. 8a). The
concentration of Cr in the first depth interval, Oto 15 an
below the ground surface varied from 0.14-1499 mg kg™
Figure 8b exp d the Pb ion which falling n
the range of 2-43 mg kg™'. The concentrations of Cu
(Fig. 8¢ and Zn (Fig 8d) varied from 0.2:145 and
1-60 mg kg™, respectively. Within the second depth
interval, 15-30 em bgl, Cr concentration was in the range
of 03-11.3 mg kg™, while the Pb concentration was
between 6 and 42 mg kg ™'. The concentratrons of Zn and
G-lmlgedflmnﬂ“-ﬁﬂ&rld()l-ns:ugks ! wely

paints and lead pipe deposited in the landfill The high
Pb concentration related to the high organic matter. In
contrast lo Pb, the Cr concentration (0-20 mg kg™)
decreased with depth (Fig. 9b) which comesponding to
the descending of clay content. Cd could not be detected
inmost parts of the surveyed area, except in some ditches
and nvulets (0-1.70 mg kg™). The discarding of dry cell
batteries and paint cans are possible sources of Cd. Pb
and Cr values from all periods of sampling are at
significant. concentrations in the study area. This may
depend on the amount of waste introduced each season
in the Iandﬁll le Cu (Fig. 9) and Zn (Fig. %)
of

[t should be remarked here that, the ooncemmﬂnn of Pb
and Cr at the 15 and 30 cm depths, the Pb aceumulated
more at the 30 em depth than at the |Scmdepl.hwheteaa
Cr was deposited in the opg These
phenomena are due to the greal variation in pattemn and
contamination rates in depth as a result of pollutant
discharge at the source. The fact that the lower strata

terest, varied from 0-404 and
0-522mg kg™', respectively. The high Cu content related
to the CEC and orgamic matter values. For the Zn value,
the CEC, organic matter and clay content are influenced
The Fe (10-548 mg kg™') and Mn (3-3000 mg kg™") were
also recorded in this period. They exhibited parallel
distribution throughowt the study area. During all three
sampling periods 1t was found that the zone of lughest

seem 1o be more heavily polluted which may indicate that
pollution at the source is decreased over the vears. vice
versa in the Cr

Pb concentration (0 to 21 43 mg kg™') found in the
third round of sampling was higher in the top 30 cm depth
interval (Fig. 9a), decreasing with distance from the site.
Pmublc sources of lead are batteies, chemical

from photograph p ing, lead-based

ion of heavy metals was the ditch of leachate
which flows northwards to Sam Chan  reservour
Furthermore, other zones where the concentration is high
are the downstream parts of Huai Mak Ngo and Huai
Kham Bon where they discharge nto the Pong River
through oxbow lakes.
Moreover, the Pb concentration was found to be
distributed both horizontally and vertically tiwoughout
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Fig. 8d: Heavy metal concentrations of Pb at 0-30 em depth in the second period of sampling
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Fig. 9b: Heavy metal concentrations of Cr at 0-90 cm depth in the third period of sampling
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Fig. 9d: Heavy metal concentrations of Zn_at 0-90 ¢ depth in he third period of sampling
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the area. The field survey found that spray-paints cans,
batteries, pesticide containers, iron pipes, dry cells and
fluorescent tubes were widespread throughout the
landfill. These mixed wastes had been burnt repeatedly in
the open air within the site, in such a way that the heavy
metals would also possibly be released by this action.

From the investigation in the second and third period
of sampling, it was surprised that the significant Pb
concentration was observed at Sam Chan Village in the
northwestem part of the study area In spite of the Sam
Chan Village located approximately 200 m above mean sea
level which higher than the Kham Bon landfill. Moreover,
it is not situated n the direction of flow patiem as
reported by Chuangcham et al. (2005). The reason of this
appearance is due to the wncontrolled scavenger
activities. They could be the heavy metals carriers.

Apart from physical and chemical properties controls,
other factors of influencing heavy mel.a!s accumulation/
mobility were taken into consid 1 The of
red loess in the study area may be pnmcnpnted i the
spreading of heavy metals. Moreover, the lower slope
gradients at the lower lying creates lower-velocity flow,
consequently, dominance of the finer fraction n the
soil and higher retention of heavy metals was ocourred
as observed in the central part and eastem part of the
study area. However, based on the Euvirommental
Enhancement and Promotion Act BEE 2535 (1992), the
concentrations of cadmium, chromium and lead insoil do
not exceed the standard allowable limit (Cd < 37 mg kg™,
Crs300mg kg™ Pb s A00mg kg™

For the correlation analysis. data obtamed from the
third period of sampling time was calculated with the
Si s rank lation coefficient. The results
ill i that the d heavy metals were positively
correlated with soil properties. Considering in each heavy
metal, The Zn exhibited the positively correlation with
CEC (Sp ’s rank correlation, R = 0,629, p<0.0001},
clay content (R = 0.606, p<0.0001) and OM (R = 0.474,
p<0.004). For the Cu, the positive correlation between
Clay content (R = (.723, p<(.0001 ) and CEC (R =0.671.
p<0.0001 ) was statistically significant. The simular patter
was observed in Cr when considering with clay content
(R =070, p<0.0001 ) and CEC(R = 0.550, p<0).0001 1 The
Pb showed slightly lation with clay
(R = 0442, p<3000?) A significant correlation was
detected between the Fe and clay content (R = 0.777,
p<0.0001 ) as well as the CEC (R = 0.596, p<0.0001). [1is
obvious that only the Mn comelated positively with pH
(R = 0418, p<00I1) and also correlated with CEC
(R = 0,574, p<0.0001),

It 15 summarized that the most important factors
influencing heavy metals accumulation in soils are clay

mineral, CEC, metal ouclufaxyh\rdnmdn (Fe and Mn
oxide) and humic sul ted with 1
organic matter (Bradl, 2004). In case of metal oxides and
oxyhydroxides, the comelation of five heavy metals was
calculated with the Fe and Mn. It was found that all
heavy metals revealed the posiuve comrelation with Fe
(R = 0.555-0.777, p<0.0001) and Mn (R = 0.385-0.525,
p<0.0001). Therefore, it can be stated that the metal
oxides/oxyhydroxides plays important role in controlling
the heavy metals deposition in the study area. Moreover,
the study area is covered by the red loess which
composed of more iron oxide (Boonsener, 1991) which is
the source of sink for heavy metals.

CONCLUSION

Based on the experimental outcomes from both field
and laboratory analyses, it is evident that soil at the Kham
Bon landfill and its surroundings have been contam inated
by leachate migration within a radius of 2000 m from the
landfill. The soil analysis reveals that some heavy metals
have accumulated at least 90 em below the ground
surface. Although the heavy metals seem to be scattered
throughout the area withowt controlling factors, but there
are pattenss of distribution and The first patiem
is r.hal the heavy metals distribution follows the drainage
patterns within the area whereas the second pattem is
controlled by the uncontrolled scavenger activities. They
could be the heavy metals camiers. Other major factors
conolling leachate production and mugration at the
landfill in thus area are the seasonal variations in
precipitation, the slope of the area which controls the
runofl pattems and the soil type which affects infiltration
and solute transportation to the water table. It is

decl to und 1 the long-term behavior of

in the subsurface. This will require a proper

understanding of the contaminant plume in the

subsurface environment through knowledge of the

sorption and transport properties of the soil and
contam inants.
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