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Table A 1 Influence of pumice size and initial pyrene concentration on the pyrene
adsorption and pyrene removal efficiency by toluene extraction in batch experiments.

pumice Size 4.0-4.75 mm 4.75-6.3 mm 65-8.0 mm
Initaii pyrene  Pyrene adsorbed ~ Pyrene Removal Pyrene adsorbed  Pyrene Removal Pyrene adsorbed Pyrene Removal
cone, (ppm) (mglkg) (mg/kg) (mg/kg) (mg/kg) (mglkg) (mg/kg)
10 646.85 99.13 506.38 44,50 485.03 28.29
40 2490.42 621.86 1849.05 391.96 1753.56 256.13
70 3488.54 2164.73 2993.55 1825.13 2556.40 1473.39
100 4647.49 3575.18 407357 2891.32 3545.86 2335.26

Table A 2 Pyrene removal (mg pyrene/ kg pumice): Influence of initial pyrene
concentration and concentration of BioNonex solutions on pumice removal

Initial Pyrene ~ BioNonex-1%  BioNonex-3%  BioNonex-5%  BioNonex-7%  BioNonex-10%

cone, (ppm)  pyrene (rng/kg) pyrene (mg/kg) pyrene (mg/kg) pyrene (mg/kg) pyrene (mg/kg)

10 184.40 22138 285.31 420.64 513.21
40 322.33 517.46 725.34 854.36 1239.99
70 353.97 725.36 1611.56 1857.38 2516.19
100 422.62 1321.74 2551.28 3078.78 3477.13

Table A 3 Pyrene removal (mg pyrene/ kq pumice): Influence of initial pyrene
concentration and concentration 0f BioSolve solutions on pumice removal

Initial Pyrene  BioSolve-1%  BioSolve-3%  BioSolve-5%  BioSolve-7%  BioSolve-10%
cone, (ppm)  pyrene (mg/kg) pyrene (mglkg) pyrene (mg/kg) pyrene (mg/kg) pyrene (mg/kg)

10 47.17 65.23 92.65 102.06 194.39
40 186.72 32745 539.82 624.71 688.61
70 281.04 10 .61 1636.94 1845.21 1930.58

100 284.45 1232.48 1840.53 2344.26 2479.01
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Table A 4 Effect of types and surfactant concentrations on percentage of pyrene removal
using initial pyrene contamination at 1300 mg pyrene/kg pumice.

Surfactant BioNox Biosolve
Cone(%) pyrene removal (%) pyrene removal (%)
1 21.26 11.05
3 36.57 15.24
5 51.52 23.63
7 69.97 45.38
10 75.53 52.60

Table A 5 Influence of contact time on pyrene removal by surfactant solution and water
flood.

time Bionox5% Biosolve5% Water

(hr) % pyrene removal % pyrene removal % pyrene removal

0.25 24.12 0.33 0
0.5 40.24 1.01 12
1 48.64 443 2
2 52.70 6.55 3
3 55.33 9.63 4
5 59.08 11.28 5
7 60.89 14.33 55
10 66.39 16.43 6
15 12.42 21.01 7
20 76.47 24.14 1.1

24 76.88 2475 8
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Table A 6 Stability of CGA: The height of the clear liquid interface below the dispersion
of CGA was measured with time to determine half life of CGA bubbles generated from
3% and 7% BioNonex solutions.

Time

(min)

6.75
9.22
12
15.58
20
22
22.9
24.57

Volume of 3%
BioNonex Solution *
0
200
300
400
500
600
680
695

Time

(min)

542
6.8
9.63
il
1212
15.7
16.73
18.37
19.33
21.67
24.27
25.67
27.28
28.62

Volume of 7%
BioNonex Solution
0
170

580

642
662
670
673
680
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Table A 7 Typical results showing the variation between the duplicate runs of BioNonex-

3% solution in the column experiment.

Time(r) Rl

0.2
05

1

—
o1

© oo N o o &~ LW N

= =
L o

—
N

B eERBS6B5BRBG

N
(@]

0.62

2.3

6.84

1233
19.09
25.36
29.96
33.97
35.92
37.67
39.33
40.06
40.94
4202
4240
4346
44,07
421
45.50
4519
46.13
4611
46.57

Run?2
1.02

356

8.04

1353
1989
26.36
3156
.17
3112
38.87
30.73
41.26
42.44
4322
44.40
44,66
4527
46.21
45.90
46.99
46.73
4731
4137

Average Results
0.822
2963
1436
12928
19.490
25.864
30.757
34.168
36.516
38.268
39.527
40.659
41.690
42,619
43397
44,060
44,613
45,210
45,696
46.094
46428
46.712
46.970



Table A s Pyrene removal in column operation with different Pushing media at pyrene
contamination level of 1300 mg pyrene/ kg pumice.

3% solution 3% aphron %solution 7% aphron Water

time (hr) ~ %pyrene removal  Y%pyrene removal  Y%pyrene removal  %pyrene removal  %pyrene removal

0.2 0.82 448 259 746 0.2
05 2% 10.01 8.26 1549 0.84
1 144 16.87 1462 23.93 123
15 12.93 24.05 22.06 32.21 2.56
2 19.49 30.78 29.44 40.38 3.5
3 25.86 36.05 39.24 48.10 4.95
4 30.76 40.17 45.17 54.62 5.18
5 34.17 4310 48.07 50.13 6.82
b 36.52 45.05 52.10 6276 .45
7 38.27 46.59 54.69 65.73 8.56
8 39.53 47.96 56.90 67.88 9.02
9 40.66 49.25 58.92 69.65 9.26
10 41.69 50.36 60.49 71.20 9.52
il 42,62 51.28 61.94 72.59 9.56
12 43.40 52, 63.16 73.76 9.85
13 44,06 52.69 64.21 T4.67 10.08
14 44.67 53.30 65. 75.52 10.23
15 4521 53.89 65.83 76.33 10.56
16 45.70 54.39 66.46 71.03 10.67
v 46.09 54.72 67. 71.65 10.78
18 46.43 55.02 67.51 78.13 10.85
19 46.71 55.24 67.91 78.46 11.07

20 46.97 55.42 68.23 78.70 11.08



Table A 9 Pyrene removal in column operation with different flushing media at pyrene
contamination level of 12000 mg pyrene/ kg pumice.

time (hr)
02
0

—
[2 2

© oo ~N oo o1 B~ W o

S T G T S T Ty
O OW o —~N oo o1l BN W D P o

3%a>iution
pyrene removal %

0.49

1.66

381

6.17

8.52

1253
1621
19,53
2239
24.49
2591
26.93
21.58
21.89
28.06
28.22
28.35
28.46
28.53
28.58
28.62
28.65
28.67

3%aphron
pyrene removal %

0.72
233
4.98
113
1048
1544
19.79
23.21
26.
2191
29.30
31.06
31.49
32.23
32.87
33.25
33.89
33.97
34.23
34.52
35.08
35.56
36.18

T%solubn
pyrene removal %
121
523
923
12.74
16.58
24.24
30.25
33.56
35.08
35.84
36.67
36.92
3751
38.08
39.23
39.86
40.59
41.82
4221
42.52
42.85
43.05
43.23

%] hron
pyrene removal %
146
749
12.93
20.27
25.38
3212
34.56
36.85
39.12
4153
42.35
43.21
44.12
45.68
46.23
47.85
48.56
49.07
50.12
50.89
51.23
51.88
5265

Welter
pyrene removal %
021
0.84
123
1.56
2.50
3.95
418
4.52
5.02
6.12
6.65
6.62
6.85
6.98
7.06
111
123
734
736
738
740
141
145

87



Table A 10 Concentration of pyrene in the effluents of soil flushing in column at the
pyrene contamination level of 1300 mg pyrene/kg pumice using different media

3% solution 3% aphron 7%solution 7% aphron

time (hr)  pyrene cone, (mg/l)  pyrene cone, (mg/l)  pyrene cone, (mg/l)  pyrene cone, (mg/l)

0.2 2.95 1071 9.22 17.82
05 3.84 13.23 10.10 19.20
1 5.35 16.42 11.34 20.16
15 6.57 17.17 8.83 19.93
2 7.85 16.09 6.58 19.38
3 381 12.60 4.21 18.44
4 2.93 4.92 3.88 1.19
5 2.04 351 291 539
6 1.40 2.33 2.40 4.34
7 1.05 1.84 1.54 3.95
8 0.75 1.64 13 2.57
9 0.68 1.53 1.20 212
10 0.62 1.34 0.93 1.84
u 0.56 110 0.86 1.66
12 0.46 0.86 0.72 140
13 0.40 0.83 0.62 1.09
14 0.37 0.72 0.53 1.02
15 0.32 0.71 0.44 0.97
16 0.29 0.59 0.37 0.84
17 0.24 0.40 0.32 0.74
18 0.20 0.37 0.30 0.57
19 0.17 0.26 0.24 0.40

20 0.15 22 0.19 0.29



Table A 11 Cumulative removal of pyrene from soil column at different contamination
level and using different flushing media

contamination level 1300 mg/kg 1300 mg/kg 12000 mg/kg 12000 mg/kg
Time (hr) 3% solution 3% aphron 3% solution 3% aphron
0.2 2.95 16.06 16.55 24.30
05 10.63 3591 56.39 79.13
1 26.67 60.53 129.45 169.21
15 46.37 86.28 209.45 262.39
2 69.91 11041 289.24 355.81
3 92.78 129.31 425.39 52421
4 110.33 144.09 550.46 671.99
5 122.57 154.61 663.04 790.02
6 130.99 161.61 760.26 882.70
7 137.28 167.14 831.51 947.59
8 141.79 172.06 879.81 994.98
9 145.85 176.65 914.58 1020.66
10 149.55 180.66 936.54 1035.35
1 152 88 183% 947.18 1040.55
12 155.67 186.54 952.92 1043.34
133 158.05 189 02 958.30 1043.81
14 160.25 191.19 962.68 1043.81
15 162.18 193.31 %6.47 1043.81
16 163.92 195.09 968.90 1043.81
i 165.35 196.28 970.41 1043.81
18 166.55 197.38 971.70 1043.81
19 167.56 198.16 972.67 1043.81

20 168.49 198.81 973.47 1043.81



Tabie A 12 Organic matter content of the natural soil.

weightof . ofsoil after . oforganic ~ %organic
dry soil  burntat ébC  mater content
100859 0,785 0.3004 298
9.6074 9.31% 0.2879 300

Average organic content (%) 2%

Table A 13 Pyrene removal from pumice and natural soil using BioNonex-3% solution.
|

Real soil Pumice
time  pyrene loaded pyrene removal % pyrene pyrene loaded pyrene removal % pyrene

(hr) (mglkg) (mglkg) removal (mglkg) (mglkg) removal

0.25 410.74 76.82 18.70 767.08 213.79 21.87

0.5 410.22 102.85 25.07 793.41 289.71 36.51
1 410.11 127.56 31.10 702.79 303.38 4317
2 405.27 154.63 38.15 707.00 328.89 46.52
4 404.44 178.08 44.03 759.62 370.56 48.78
8 404.18 201.28 49.80 698.67 361.02 51.67

14 404.46 219.00 54.15 797.07 425.68 53.41

20 414.90 238.90 57.58 767.89 420.13 5471
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