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APPENDICES

Appendix A Experimental Data o f Solubilization Study

Table A1 E n h an ced -so lu b ilization  o f  hydrocarbons and the w e ig h t o f  S o lu b ilized  carbon to  w eig h t o f  surfactant ratio at 0 .05%  w /v  
surfactant concentration

Param eter D a y
1 2 3 4 5 6 7 8 9 10

TO C o f  o il, surfactant, and w ater (mg/1) 582 63 6 673 938 9 7 4 1,086 1,223 1 ,382 1,424 1 ,436
TO C o f  surfactant 0.05%  w /v  (mg/1) 3 2 8 .9 3 2 8 .9 3 2 8 .9 3 2 8 .9 3 2 8 .9 3 2 8 .9 3 2 8 .9 3 2 8 .9 3 2 8 .9 3 2 8 .9
TO C  o f  o il (mg/1) 190.3 2 3 4 .9 261 8 510  8 537 .1 6 4 6 4 781 1 9 3 9 .8 981 7 98 4 .3
Enhanced Solub ilization  (mg/1) 62 .8 7 2 .2 82.3 98 .3 108 110 .7 113 .0 113 3 113 .4 122 8
W t. o f  so lub ilized  c  to  wt. o f  surfactant 0 .1 2 8 2 0 .1 4 7 3 0 .1 6 8 0 0 .2 0 0 6 0 .2 2 0 4 0 .2 2 5 9 0 .2 3 0 6 0 .2 3 1 2 0 .2 3 1 4 0 .2 5 0 6



Table A2 Enhanced-solubilization of hydrocarbons and the weight of solubilized carbon to weight of surfactant ratio at 0.10% w/v
surfactant concentration

Param eter D ay
1 2 3 4 5 6 7 8 9 10

TO C  o f  oil, surfactant, and w ater (mg/1) 1 ,948 2 ,105 2 ,4 2 4 3 ,1 3 8 3 ,2 1 7 3 ,3 4 7 3 ,4 7 2 3 ,5 5 7 3 ,621 3,631
TO C o f  surfactant 0.10%  w /v  (mg/1) 41 5 .1 415 .1 41 5 .1 41 5 .1 415 .1 41 5 .1 415 .1 415 .1 41 5 .1 415 .1
TO C  o f  o il (mg/1) 1 9 0 3 2 3 4 .9 2 6 1 .8 51 0  8 53 7  1 6 4 6 .4 781 .1 9 3 9  8 981 7 984 .3
Enhanced S olub ilization  (mg/1) 1 ,3 4 2 .6 1 ,455 .0 1,747 .1 2 ,212 .1 2 ,2 6 4 .8 2 ,2 8 5 .5 2 ,2 7 5 .8 2 ,202 .1 2 ,2 2 4 .2 2 ,2 3 1 .6
W t. o f  so lub ilized  c  to  w t. o f  surfactant 1 .370 0 1 .4847 1 .7828 2 .2 5 7 2 2 .3 1 1 0 2 .332 1 2 .3 2 2 2 2 .2 4 7 0 2 .2 6 9 6 2 .2 7 7 1

T a b le  A 3  E n h anced-so lub ilization  o f  hydrocarbons and the w e ig h t o f  so lu b ilized  carbon to  w e ig h t o f  surfactant ratio at 0 .30%  w /v  
surfactant concentration

Param eter D ay
1 2 3 4 5 6 7 8 9 10

TO C o f  oil, surfactant, and w ater (mg/1) 4 ,4 4 5 4 ,9 8 4 5 ,7 4 8 7 ,3 8 4 7 ,4 3 8 7 ,563 7 ,6 1 4 7 ,7 6 4 7 ,7 8 4 7 ,8 1 8
TO C o f  surfactant 0.30%  w /v  (mg/1) 1,163 1,163 1,163 1,163 1,163 1,163 1,163 1,163 1,163 1,163
TO C o f  o il (mg/1) 190.3 2 3 4 .9 2 6 1 .8 51 0 .8 537.1 6 4 6 .4 781 .1 9 3 9 .8 9 8 1 .7 984 .3
Enhanced S olub ilization  (mg/1) 3 ,0 9 1 .7 3 ,5 8 6 .1 4 ,3 2 3 .2 5 ,7 1 0 .2 5 ,7 3 7 .9 5 ,7 5 3 .6 5 ,6 6 9 .9 5 ,6 6 1 .2 5 ,6 3 9 .3 5 ,6 7 0 .7
W t. o f  so lub ilized  c  to  w t. o f  surfactant 1 .051 6 1 .2198 1 .4705 1 .9422 1 .9517 1 .957 0 1 .9285 1 .9256 1.9181 1 .9288



Table A4 Enhanced-solubilization of hydrocarbons and the weight of solubilized carbon to weight of surfactant ratio at 0.50% w/v
surfactant concentration

Param eter D ay
1 2 3 4 5 6 7 8 9 10

TO C o f  oil, surfactant, and w ater (mg/1) 5 ,3 8 4 6 ,441 7,351 10,243 10 ,48 7 10 ,683 10 ,983 11 ,045 11 ,0 6 4 11 ,093
TO C o f  surfactant 0.50%  w /v  (mg/1) 1 ,677 1,677 1,677 1,677 1,677 1,677 1 ,677 1 ,677 1,677 1 ,677
TO C o f  o il (mg/1) 190.3 2 3 4 .9 2 6 1 .8 5 1 0 .8 537.1 6 4 6 .4 781 .1 9 3 9 .8 9 8 1 .7 9 8 4 .3
Enhanced S olub ilization  (mg/1) 3 ,5 1 6 .7 4 ,5 2 9 .1 5 ,4 1 2 .2 8 ,0 5 5 .2 8 ,2 7 2 .9 8 ,3 5 9 .6 8 ,5 2 4 .9 8 ,4 2 8 .2 8 ,4 0 5 .3 8 ,4 3 1 .7
W t. o f  so lu b ilized  c  to w t. o f  surfactant 0 .7 1 7 7 0 .9 2 4 3 1.1045 1 .6439 1.6883 1 .7060 1 .7398 1 .7200 1 .715 4 1 .7208

Table A5 E n h anced-so lub ilization  o f  hydrocarbons and the w eig h t o f  so lu b ilized  carbon to  w eig h t o f  surfactant ratio at 0 .75%  w /v  
surfactant concentration

Parameter D ay
1 2 3 4 5 6 7 8 9 10

TO C  o f  oil, surfactant, and w ater  
(m๙ 0_____________ ________________ 7,461 9,671 13,081 13 ,76 2 13 ,937 14 ,392 14 ,43 0 14,601 14 ,698 14,723
TO C  o f  surfactant 0.75%  w /v  (mg/1) 2 ,0 7 4 2 ,0 7 4 2 ,0 7 4 2 ,0 7 4 2 ,0 7 4 2 ,0 7 4 2 ,0 7 4 2 ,0 7 4 2 ,0 7 4 2 ,0 7 4
TO C o f  o il (mg/1) 190.3 2 3 4 .9 2 6 1 .8 51 0 .8 537.1 6 4 6 .4 781 .1 9 3 9 .8 9 8 1 .7 984 .3
Enhanced Solub iliza tion  (mg/1) 5 ,1 9 6 .7 7 ,3 6 2 .1 10 ,74 5 .2 1 1 ,1 7 7 .2 11 ,32 5 .9 1 1 ,67 1 .6 1 1 ,5 7 4 .9 1 1 ,5 8 7 .2 11 ,64 2 .3 11 ,66 4 .7
W t. o f  so lu b ilized  c  to  w t. o f  
surfactant 0 .7 0 7 0 1 .001 6 1 .4619 1 .5207 1 .5409 1 .5880 1 .5748 1 .5765 1 .584 0 1 .5870

V»



Table A6 Enhanced-solubilization of hydrocarbons and the weight of solubilized carbon to weight of surfactant ratio at 1.00% w/v
surfactant concentration

Param eter D a y
1 2 3 4 5 6 7 8 9 10

TO C o f  o il, surfactant, and w ater (mg/1) 10 ,621 11 ,54 0 14 ,725 14 ,917 15 ,803 16 ,10 2 16 ,243 16,491 16 ,51 2 16 ,913
TO C o f  surfactant 1.00%  w /v  (mg/1) 2 ,2 3 7 2 ,2 3 7 2 ,2 3 7 2 ,2 3 7 2 ,2 3 7 2 ,2 3 7 2 ,2 3 7 2 ,2 3 7 2 ,2 3 7 2 ,2 3 7
TO C o f  o il (mg/1) 190.3 2 3 4 .9 2 6 1 .8 51 0 .8 537.1 6 4 6 .4 781 .1 9 3 9 .8 9 8 1 .7 98 4 .3
Enhanced S olub iliza tion  (mg/1) 8 ,1 9 3 .7 9 ,068 .1 1 2 ,2 2 6 .2 12 ,16 9 .2 13 ,02 8 .9 1 3 ,2 1 8 .6 1 3 ,2 2 4 .9 1 3 ,3 1 4 .2 13 ,293 .3 1 3 ,6 9 1 .7
W t. o f  so lu b ilized  c  to  w t. o f  surfactant 0 .836 1 0 .925 3 1 .247 6 1 .2418 1 .3295 1 .3488 1 .3495 1 .3586 1 .3565 1.3971

Table A7 E n h an ced -so lu b ilization  o f  hydrocarbons and the w e ig h t o f  so lu b ilized  carbon to  w e ig h t o f  surfactant ratio at 2 .00%  w /v  
surfactant concentration

Param eter D ay
1 2 3 4 5 6 7 8 9 10

TO C  o f  o il, surfactant, and w ater (mg/1) 12 ,7 4 0 14 ,384 18,921 26 ,17 3 26 ,381 26 ,57 1 27 ,84 1 2 8 ,0 1 4 2 8 ,1 3 2 2 8 ,3 1 2
TO C  o f  surfactant 2.00%  w /v  (mg/1) 2 ,391 2 ,391 2,391 2,391 2 ,391 2 ,391 2,391 2 ,391 2,391 2 ,391
TO C  o f  o il (mg/1) 190.3 2 3 4 .9 2 6 1 .8 510 .8 537 .1 6 4 6 .4 781 .1 9 3 9 .8 9 8 1 .7 984 .3
Enhanced S olub ilization  (mg/1) 1 0 ,1 5 8 .7 11 ,758.1 16 ,26 8 .2 2 3 ,2 7 1 .2 2 3 ,4 5 2 .9 2 3 ,5 3 3 .6 2 4 ,6 6 8 .9 2 4 ,6 8 3 .2 2 4 ,7 5 9 .3 2 4 ,9 3 6 .7
W t. o f  so lu b ilized  c  to  wt. o f  surfactant 0 .5 1 8 3 0 .5 9 9 9 0 .8 3 0 0 1.1873 1 .196 6 1 .2007 1 .2586 1.2593 1 .2632 1.2723



Table A8 Enhanced-solubilization of hydrocarbons and the weight of solubilized carbon to weight of surfactant ratio at 3.00% w/v
surfactant concentration

Parameter D ay
1 2 3 4 5 6 7 8 9 10

TO C o f  o il, surfactant, and w ater (mg/1) 14,361 14 ,98 0 19 ,530 2 8 ,8 6 0 2 9 ,1 3 0 2 9 ,3 3 0 3 0 ,6 8 0 3 1 ,7 3 0 3 2 ,8 4 0 3 2 ,8 5 0
TO C o f  surfactant 3.00%  w /v  (mg/1) 2 ,6 3 9 2 ,6 3 9 2 ,6 3 9 2 ,6 3 9 2 ,6 3 9 2 ,6 3 9 2 ,6 3 9 2 ,6 3 9 2 ,6 3 9 2 ,6 3 9
TO C o f  o il (mg/1) 190.3 2 3 4 .9 2 6 1 .8 51 0 .8 537.1 6 4 6 .4 78 1 .1 9 3 9 .8 9 8 1 .7 984 .3
Enhanced S olub iliza tion  (mg/1) 1 1 ,5 3 1 .7 12 ,106 .1 1 6 ,6 2 9 .2 2 5 ,7 1 0 .2 2 5 ,9 5 3 .9 2 6 ,0 4 4 .6 2 7 ,2 5 9 .9 2 8 ,1 5 1 .2 2 9 ,2 1 9 .3 2 9 ,2 2 6 .7
W t. o f  so lu b ilized  c  to  w t. o f  surfactant 0 .3 9 2 2 0 .4 1 1 8 0 .5 6 5 6 0 .8 7 4 5 0 .8 8 2 8 0 .8 8 5 9 0 .9 2 7 2 0 .9 5 7 5 0 .9 9 3 9 0 .9941

Table A9 E n h anced-so lub ilization  o f  hydrocarbons and the w eigh t o f  so lu b ilized  carbon to  w e ig h t o f  surfactant ratio at 4 .00%  w /v  
surfactant concentration

Parameter D ay
1 2 3 4 5 6 7 8 9 10

TO C o f  o il, surfactant, and w ater (mg/1) 18 ,24 0 18 ,650 2 3 ,9 2 0 3 1 ,5 7 0 3 2 ,6 1 0 3 4 ,2 0 0 3 4 ,2 8 0 3 4 ,3 6 0 3 4 ,4 7 0 3 4 ,5 7 0
TO C  o f  surfactant 4.00%  w /v  (mg/1) 2 ,853 2 ,853 2 ,853 2 ,853 2 ,853 2 ,853 2 ,853 2 ,853 2 ,8 5 3 2 ,853
TO C o f  o il (mg/1) 190.3 2 3 4 .9 2 6 1 .8 51 0 .8 537.1 6 4 6 .4 781 .1 9 3 9 .8 9 8 1 .7 984 .3
Enhanced Solub iliza tion  (mg/1) 15 ,19 6 .7 15 ,562 .1 2 0 ,8 0 5 .2 2 8 ,2 0 6 .2 2 9 ,2 1 9 .9 3 0 ,7 0 0 .6 3 0 ,6 4 5 .9 3 0 ,5 6 7 .2 3 0 ,6 3 5 .3 3 0 ,7 3 2 .7
W t. o f  so lu b ilized  c  to wt. o f  surfactant 0 .3 8 7 7 0 .3 9 7 0 0 .5 3 0 7 0 .7 1 9 5 0 .7 4 5 4 0 .7 8 3 2 0 .7 8 1 8 0 .7 7 9 8 0 .7 8 1 5 0 .7 8 4 0

นุh ON



Table A10 Enhanced-solubilization of hydrocarbons and the weight of solubilized carbon to weight of surfactant ratio at 5.00% w/v
surfactant concentration

Param eter D ay
1 2 3 4 5 6 7 8 9 10

TO C o f  oil, surfactant, and w ater (mg/1) 2 1 ,8 0 0 2 4 ,1 6 2 28 ,95 1 35 ,42 1 36 ,63 3 3 7 ,6 8 2 3 8 ,1 6 2 3 8 ,4 1 2 38 ,67 3 3 9 ,7 6 0
TO C o f  surfactant 5.00%  w /v  (mg/1) 3 ,0 1 5 3 ,0 1 5 3 ,015 3 ,015 3 ,015 3 ,0 1 5 3 ,0 1 5 3 ,0 1 5 3 ,0 1 5 3 ,015
TO C o f  o il (mg/1) 190.3 2 3 4 .9 2 6 1 .8 51 0 .8 537.1 6 4 6 .4 781 .1 9 3 9 .8 981 7 984 .3
Enhanced S olub iliza tion  (mg/1) 1 8 ,5 9 4 .7 20 ,91 2 .1 2 5 ,6 7 4 .2 3 1 ,8 9 5 .2 3 3 ,0 8 0 .9 3 4 ,0 2 0 .6 3 4 ,3 6 5 .9 3 4 ,4 5 7 .2 3 4 ,6 7 6 .3 3 5 ,7 6 0 .7
W t. o f  so lu b ilized  c  to w t. o f  surfactant 0 .3 7 9 5 0 .4 2 6 8 0 .5 2 4 0 0 .6 5 0 9 0 .6751 0 .6 9 4 3 0 .7 0 1 3 0 .7 0 3 2 0 .7 0 7 7 0 .7 2 9 8
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Appendix B Experimental Data o f COD Removal

Table B1 E fflu en t C O D  and % C O D  rem oval at 10 k g  C O D /m 3d load in g w ith  
in flu en t C O D  o f  2 2 ,0 0 0  mg/1

D ay E ffluent C O D  
(mg/1) % C O D  rem oval

7 11,431 4 8 .0 4
8 11 ,244 4 8  89
9 10,998 5 0 0 1
10 10,804 50  89
11 10,487 5 2 3 3
12 9 ,9 4 0 5 4 .8 2
13 9 ,3 1 9 57  64
14 8 ,532 6 1 .2 2
15 7 ,9 8 4 63 .71
16 7,421 6 6 2 7
17 7 ,8 0 6 6 4  52
18 7 ,625 65 34
19 7 ,0 2 9 6 8 .0 5
20 6 ,8 1 6 6 9  02
21 6 ,8 2 7 68  97
22 6 ,8 0 9 69  05
23 6 ,805 69  07
24 6 ,8 4 4 68  89
25 6,811 6 9  04

Last 5 days 
average 6 ,8 1 9 69 .01
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Table B2 Effluent COD and % COD removal at 20 kg COD/m3d loading with
influent COD of 22,000 mg/1

D a y E ffluen t C O D  
(mg/1) % C O D  rem oval

7 11 ,634 4 7 .1 2
8 11,297 48  65
9 11 ,746 4 6 6 1
10 11,249 4 8 .8 7
11 10,993 50  03
12 10,606 51 79
13 10,080 54 .18
14 9 ,1 1 0 58 59
15 8 ,796 60  02
16 8,433 61 67
17 8 ,107 63 15
18 7,821 64 .45
19 7,183 67  35
20 6 ,8 8 2 68  72
21 6 ,8 4 6 68.88
22 6 ,8 6 0 6 8 .8 2
23 6 ,818 6 9 0 1

h 24 6,921 6 8 .5 4
25 6 ,8 2 4 6 8 .9 8

Last 5 days 
average 6 ,8 5 9 68 .83
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Table B3 Effluent COD and % COD removal at 30 kg COD/m3d loading with
influent COD of 22,000 mg/1

D a y E ffluent C O D  
(mg/1) % C O D  rem oval

7 12 ,008 4 5 .4 2
8 11,741 4 6 6 3
9 11 ,524 4 7 .6 2
10 11 ,695 4 6  84
11 11,073 4 9 .6 7
12 10 ,809 5 0 .8 7
13 10 ,197 53 .65
14 9 ,3 7 9 5 7 .3 7
15 9 ,0 2 7 58  97
16 8 ,829 59  87
17 8,241 62  54
18 7 ,575 65  57
19 7 ,3 9 6 6 6 .3 8
20 6 ,9 1 2 68  58
21 6 ,875 6 8 7 5
22 6 ,895 68.66
23 6,901 68  63
24 6,888 68  69
25 6 ,9 0 4 6 8 .6 2

Last 5 days 
average 6 ,8 9 6 68.66
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Table B4 Effluent COD and % COD removal at 40 kg COD/m3d loading with
influent COD of 22,000 mg/1

D ay E fflu en t C O D  
(mg/1) % C O D  rem oval

7 13,321 39 .45
8 13 ,156 4 0 .2 0
9 12 ,727 4 2 .1 5
10 12 ,129 4 4  87
11 11 ,328 48  51
12 10,866 5 0 6 1
13 10 ,228 53.51
14 9 ,693 5 5 .9 4
15 9 ,4 3 8 5 7 .1 0
16 9 ,1 2 6 58 52
17 8 ,5 6 2 6 1 .0 8
18 7 ,8 7 4 6 4 2 1
19 7 ,511 65 86
20 7 ,4 5 6 66  11
21 7 ,5 2 8 6 5 .7 8
22 7 ,4 3 8 66  19
23 7 ,4 2 7 66  24
24 7 ,4 4 7 66  15
25 7 ,4 5 4 66.12

Last 5 days  
average 7 ,4 5 8 66.10



62

Table B5 Effluent COD and % COD removal at 60 kg COD/m3d loading with
influent COD of 22,000 mg/1

D ay E fflu en t C O D  
(mg/1) % C O D  rem oval

7 16 ,949 2 2 .9 6
8 16 ,687 2 4  15
9 16,181 2 6 .4 5
10 15,521 2 9 .4 5
11 15 ,875 2 7 .8 4
12 15 ,367 3 0  15
13 14 ,487 3 4  15
14 13 ,818 3 7 .1 9
15 13 ,60 7 3 8 .1 5
16 13 ,158 4 0  19
17 12 ,500 43  18
18 11 ,774 4 6  48
19 11 ,398 4 8 .1 9
20 11 ,385 4 8  25
21 11 ,13 6 4 9 .3 8
22 11,141 4 9 .3 6
23 11,211 4 9 .0 4
24 11,143 4 9  35
25 11 ,136 4 9 .3 8

Last 5 days  
average 11 ,192 4 9 .1 3
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Table B6 Effluent COD and % COD removal at 80 kg COD/m3d loading with
influent COD of 22,000 mg/1

D a y E fflu en t C O D  
(mg/1) % C O D  rem oval

7 17,371 2 1 .0 4
8 17 ,140 2 2 0 9
9 16 ,826 23 52
10 16,713 2 4 0 3
11 16,293 2 5 .9 4
12 15 ,880 2 7 .8 2
13 15 ,215 3 0 .8 4
14 14 ,920 32  18
15 14 ,509 34 .05
16 14,753 3 2 9 4
17 14 ,062 3 6 0 8
18 14 ,282 3 5 .0 8
19 13 ,600 38  18
20 13 ,059 4 0  64
21 13 ,057 4 0 6 5
22 12 ,962 4 1 .0 8
23 13,055 4 0  66
24 13 ,059 4 0 .6 4
25 13,055 4 0 .6 6

Last 5 days 
average 13,041 4 0 .7 2
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Table B7 Effluent COD and % COD removal at 20 kg COD/m3d loading with
influent COD of 22,000 mg/1 and without surfactant

D a y E ffluen t C O D  
(mg/1) % C O D  rem oval

7 14, 628 33.51
8 14, 524 33.98
9 14, 494 34 12
10 14, 379 34.64
11 14, 370 34 68
12 14 ,854 3 2 4 8
13 14, 093 35 94
14 13 ,917 36.74
15 14 ,150 35 68
16 13, 748 37.51
17 13 ,387 39.15
18 13 ,330 3 9 4 1
19 13, 077 40.56
20 12, 828 41 69
21 12, 969 41.05
22 12, 654 4 2 4 8
23 12, 507 43.15
24 12 ,637 42.56
25 12 ,619 4 2 6 4

Last 5 days 
average 12 ,702 42.26
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Appendix c  Experimental Data o f Oil Removal

T a b le  C l  E ffluen t o il concentration  and % oil rem oval at 10 kg C O D /m 3d load in g  
w ith  in fluent O il concentration  o f  2%  v /v

D ay
E ffluen t oil 

concentration  
(%  v /v )

% O il rem oval

7 0 .3 6 3 2 81 .84
8 0 .3 5 6 4 82 18
9 0 3 4 9 2 82 54
10 0 3 3 8 0 83 10
11 0 .3 3 1 0 83 45
12 0 3 2 9 8 83.51
13 0 3 0 9 2 84 54
14 0 .2 8 3 8 85 81
15 0 2 6 9 2 8 6 .5 4
16 0 .2 8 2 2 8 5 .8 9
17 0 .2 5 9 0 87 05
18 0 2 3 9 6 88.02
19 0 .2 1 3 8 89.31
20 0 .1 9 5 6 9 0 .2 2
21 0 .1 9 3 2 9 0 .3 4
22 0 .1 9 6 4 90 .18
23 0 2 0 1 0 89  95
2 4 0 1948 9 0 2 6
25 0 .1 9 6 0 9 0 .2 0

Last 5 days 
average 0 .1 9 6 2 9 0 .1 9



Table C2 Effluent oil concentration and % oil removal at 20 kg COD/m3d loading
with influent oil concentration of 2% v/v

D a y
E ffluent oil 

concentration  
(% v /v )

%  O il rem oval

7 0 .3 7 2 0 81 .40
8 0 3 5 6 8 82 .16
9 0 .3 5 0 8 8 2 4 6
10 0 3 3 8 2 83 09
11 0 3 0 9 8 84 51
12 0 .3 4 7 2 8 2 6 4
13 0 .3 0 6 6 8 4 .6 7
14 0 2 8 0 4 85 .98
15 0 .2 8 3 2 85 84
16 0 2 6 9 2 86 54
17 0 2 5 9 6 87 02
18 0 2 3 9 4 88.03
19 0 2 3 2 8 88 36
20 0 .2 0 1 8 8 9 9 1
21 0 .1 9 9 8 90.01
22 0 .2 0 2 6 89 87
23 0 .1 9 9 6 9 0 .0 2
24 0 .2 0 1 8 89.91
25 0.2020 89 90

Last 5 days 
average 0 .1 9 6 2 9 0 .1 9



Table C3 Effluent oil concentration and % oil removal at 30 kg COD/m3d loading
with influent oil concentration o f 2% v/v

D a y
E ffluent oil 

concentration  
(% v /v )

% O il rem oval

7 0 .3 8 9 8 80.51
8 0 .3 8 6 6 80 .67
9 0 3 8 0 8 80 96
10 0 3 6 7 0 81 65
11 0 3 4 3 2 82 .84
12 0 .3 2 1 2 83 .94
13 0 3 1 6 8 84 16
14 0 .2 8 3 8 85.81
15 0 2 7 8 0 86  10
16 0 2 9 0 8 8 5 .4 6
17 0 2 7 7 0 86 .15
18 0 2 4 7 2 87 64
19 0 .2 3 9 2 88 04
20 0 2 2 1 2 88 .94
21 0 .2 2 0 8 88 .96
22 0 2 2 1 8 88 91
23 0 .2 2 4 2 8 8 .7 9
24 0 .2 1 9 6 89 02
25 0 .2 2 1 4 88 93

Last 5 days 
average 0 .2 2 1 5 88.93
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Table C4 Effluent oil concentration and % oil removal at 40 kg COD/m3d loading
with influent oil concentration of 2% v/v

D ay
E ffluen t oil 

concentration  
(% v /v )

%  O il rem oval

7 0 .4 0 3 0 79 .85
8 0 3 9 7 6 8 0 .1 2
9 0 .3 8 9 2 80 54
10 0 3 8 7 2 80 64
11 0 3 7 9 0 81 05
12 0 3 4 5 0 8 2 7 5
13 0 3 2 1 2 83 .94
14 0 .2 9 5 8 85.21
15 0 .3 1 5 0 84 .25
16 0 2 8 3 8 85 81
17 0 2 7 5 8 86.21
18 0 .2 6 9 8 86.51
19 0 2 7 3 2 86 34
20 0 2 6 4 0 86  80
21 0 2 6 1 8 8 6 9 1
22 0 .2 6 3 6 86 82
23 0 2 6 5 2 8 6 7 4
24 0 2 6 0 2 86 99
25 0 2 6 3 2 86 .84

Last 5 days 
average 0 .2 6 3 0 86 .85
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Table C5 Effluent oil concentration and % oil removal at 60 kg COD/m3d loading
with influent oil concentration of 2.0 % v/v

D ay
E ffluen t oil 

concentration  
(% v /v )

%  Oil rem oval

7 0 .5 2 3 2 7 3 .8 4
8 0 4 8 9 8 75 .51
9 0 .5 0 7 8 74 61
10 0 4 7 9 0 7 6 .0 5
11 0 4 3 3 2 7 8 .3 4
12 0 4 1 9 0 79  05
13 0 38 98 80.51
14 0 3 6 9 8 81.51
15 0 .3 7 9 0 81 05
16 0 35 92 8 2 .0 4
17 0 3 2 9 8 83 51
18 0 3 1 7 6 84 12
19 0 .3 2 1 8 83 91
20 0 .3 1 5 0 84 .25
21 0 3 1 1 0 8 4 4 5
22 0 3 1 1 6 8 4 .4 2
23 0 3 0 7 2 8 4 .6 4
24 0 2 9 7 4 85 13
25 0 .3 0 9 2 84 .54

L ast 5 days 
average 0 .3 0 8 6 8 4 .5 7
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Table C6 Effluent oil concentration and % oil removal at 80 kg COD/m3d loading
with influent oil concentration of 2% v/v

D ay
E ffluent oil 

concentration  
(% v /v )

% O il rem oval

7 0 .5 7 9 4 71 .03
8 0 5 5 9 0 7 2 0 5
9 0 .5 4 7 2 7 2 .6 4
10 0 5 5 8 4 7 2 0 8
11 0 52 92 7 3 .5 4
12 0 5 2 2 2 73 89
13 0 5 0 3 0 74  85
14 0 .4 9 9 0 7 5 .0 5
15 0 .5 0 9 8 74.51
16 0 4 8 3 2 75 84
17 0 4 6 8 4 76  58
18 0 .4 4 9 2 77  54
19 0 .4 4 7 8 77.61
20 0 4 3 3 0 78 35
21 0 4 2 7 2 7 8 .6 4
22 0 .4 1 3 2 79  34
23 0 .4 2 5 2 78 74
24 0 .4 1 7 8 79  11
25 0 4 2 3 2 7 8 .8 4

L ast 5 days 
average 0 .423 3 7 8 .8 4



Table C7 Effluent oil concentration and % oil removal at 20 kg COD/m3d loading
with influent oil concentration of 2% v/v and without surfactant

D ay
E ffluent oil 

concentration  
(%  v /v )

% Oil rem oval

7 1 .1788 4 1 .0 6
8 1.1604 4 1 .9 8
9 1.1488 4 2 .5 6
10 1.0872 4 5 .6 4
11 1 06 24 4 6  88
12 1.0338 48 .31
13 1 00 70 4 9  65
14 0 .9 6 2 2 51 89
15 0 .9 4 6 6 5 2 .6 7
16 0 9188 5 4 0 6
17 0 89 92 55 04
18 0 .8 6 3 2 5 6 .8 4
19 0 8470 57  65
20 0 .8 5 7 0 5 7 .1 5
21 0 .8 2 7 6 5 8 .6 2
22 0 .8 0 9 0 59 .55
23 0 .8 2 1 0 58 .95
24 0 7 9 7 2 60  14
25 0 .8 0 7 2 59 64

Last 5 days 
average 0 .819 8 59.01
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Appendix E Gas Chromatograph’s Calibration Curves

y = 6E-07X 
R2 = 0.998

0.8

15000๓

Figure E l The relationship  b etw een  peak  area and v o lu m e o f  แ 2 .

y  =  8 E -0 6 x  
R 2 = 0 .9 9 9

Figure E2 The relationship  b etw een  peak  area and v o lu m e o f  CO 2 .
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y = 2E-0ÔX 
R2 = 0.997

Figure E3 The relationship  b etw een  peak  area and vo lu m e o f  CH4.

y  =  5E -06X  
R 2 =  0 .9 9 9

Figure E4 The relationship  b etw een  peak  area and vo lu m e o f  air.
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Appendix F Experimental Data o f Effluent pH

Table FI E fflu en t pH  at various C O D  load in g  rate and tim e

D a y

pH

10 k g  
C O D /m 3d 

load in g

80 kg  
C O D /m 3d 

load ing

20  kg  
C O D /m 3d 

load ing

30  kg  
C O D /m 3d 

loading

4 0  k g  
C O D /m 3d 

load in g

60  k g  
C O D /m 3d 

load in g

20  kg  
C O D /m 3d 

load in g  
(w ith ou t  

surfactant)
1 6 .0 4 5 .89 6 .06 5.93 5 .85 5 .9 7 6 .0 6
2 6.02 5.81 5 .70 5 .64 5.61 5 .7 6 5 .7 0
3 5.91 5 .74 5 .54 5.45 5 .5 2 5 .6 2 5 .5 4
4 5 .78 5.71 5.25 5 .14 5.53 5 .4 0 5 .25
5 5 .6 7 5 .64 5 .18 5 .10 5 .0 2 5.31 5 .1 8
6 5.61 5 .59 5 .15 5 .04 4 .9 9 5 .3 4 5 .15
7 5 .5 7 5 .60 5 09 4.91 4 .8 2 5 28 5 .0 9
8 5 .5 2 5 61 5 04 4.83 4 6 2 5 .15 5 .0 4
9 5 .4 7 5 57 4 97 4 .86 4 6 3 5 .1 7 4 .9 7
10 5 48 5 .46 4 .9 6 4 7 4 4 .5 6 5 0 9 4 .9 6
11 5 41 5 .37 4 .94 4 .64 4 .5 4 4  91 4 .9 4
12 5 .3 8 5 31 4.93 4 .69 4.51 4 .81 4 .93
13 5 .3 6 5.28 4 95 4.51 4 .5 9 4 .83 4 .9 5
14 5 .3 7 5 .29 4 .97 4 58 4 .5 0 4 72 4 .9 7
15 5 .3 2 5 18 4 88 4 .55 4 4 9 4 .6 8 4  88
16 5 .2 6 5 16 4.85 4 52 4 .4 4 4 .71 4 .85
17 5 28 5 .1 2 4 81 4 5 7 4 4 7 4 .6 8 4 .81
18 5 19 5 .10 4 7 9 4 .5 0 4 3 8 4  68 4 .7 9
19 5 15 5 .0 9 4 .7 9 4 4 8 4 3 6 4 6 5 4 7 9
20 5 16 5 07 4 .8 0 4 4 7 4 3 3 4 .6 0 4 .8 0
21 5 .1 2 5.11 4.81 4 .45 4 .31 4  68 4  81
22 5 13 5 .06 4 80 4 .45 4 2 9 4 .6 7 4 .8 0
23 5 .1 4 5 10 4 .7 9 4 .4 7 4 .3 0 4 .6 5 4 7 9
24 5 .1 2 5 .09 4 7 9 4 4 8 4 2 6 4.71 4 .7 9
25 5.11 5 07 4 .78 4 4 7 4 .2 7 4  69 4 7 8

L ast 5 
days  

average
5 .13 5 .08 4 .8 0 4 .47 4 .2 9 4 .6 7 4 .8 0
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Appendix G Determination of Volatile Fatty Acids as Acetic Acid by 
Distillation

R ecovery  F actor (f) D eterm ination

- D istillin g  150 m l o f  0 .0 3 3 3  M  (2 ,0 0 0  mg/1) o f  acetic acid  (9 9 .7  % purity) 
in  d istillation  apparatus (vo la tile  fatty acid  is  sim ulated  b y  acetic  acid )

- C alcu late the recovery  factor

w here
a =  vo la tile  acid  concentration  recovered  in  d istillate, mg/1 
b =  vo la tile  acid concentration  in  standard so lu tion  u sed , mg/1

- Find v o la tile  acid  concentration  recovered  in  d istilla te  by titrating w ith  0.1 
M  o f  N aO H  u sin g  phenolphthalein  as an indicator (M W  o f  acetic acid  is  60 .5  g /m ol)

1) V o la tile  fatty acid in 50  m l o f  d istillate eq u iva len ts w ith  11.7 m l o f
N aO H

U sed  N aO H  =  (1 1 .7  m l) X  (0.1 mol/1)
1.17x1 O'3 m ol

A ce tic  acid in  d istillate =  1 .17 x  1 O'3 m ol
=  ( 1 .1 7 x l0 '3 m ol) X  (6 0 .5  g /m o l)
=  0 .0 7  g  o f  acetic  acid

C oncentration o f  acetic  acid  in  d istillate
=  (0 .0 7  g  o f  acetic  ac id )/(5 0  m l)
=  1 .4 0 5 x l0 ‘3 g/m l
=  1,405 mg/1 2

2 ) V o la tile  fatty acid  in  25 m l o f  d istilla te  eq u ivalen ts w ith  5 .7  m l o f  N aO H
=  (5 .7  m l) X  (0.1 m ol/1)

5.7x1 O'4 m ol
U sed  N aO H
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Acetic acid in distillate = 5.7x1 O'4 mol
= (5.7xl0'4 mol) X  (60.5 g/mol)
= 0.034 g

Concentration of acetic acid in distillate
= (0.034 g of acetic acid)/(25 ml)
= 1.368x10'3 g /ml
= 1,368 mg/i

Average volatile acid concentration recovered in distillate =(1,405+1,368)/2
= 1,387 mg/1

Then volatile acid concentration recovered in distillate (a) = 1,387 mg/1
Volatile acid concentration in standard solution = 2,000 mg/1

Recovery factor (f) = (1,387 mg/l)/(2,000 mg/1)
= 0.6935

Determination of volatile fatty acids as acetic acid by distillation
From

mg valitile acids as acetic acid _ mL NaOH X  N X  60,000 
L mL sample X  f

where
N = Normality of NaOH solution
f  = recovery factor

At 20 kg/m3d COD Loading Rate without surfactant at temperature of 37°c 
and uncontrolled pH, volatile fatty acid in distillate of 5 ml titrating equivalent with
5.5 ml of 0.1 MNaoH.

mg volatile acids as acetic acid_ 5.5 X  0.1X  60,000
5x0.6935
9 541 mg VFA as acetic acid 

L

L



Appendix H Experimental Data o f VF A Concentration 

Table H I Effluent VF A concentration at various COD loading rate

COD loading rate VF A concentration
(kg COD/m3d) (mg/l)

10 8,427
20 23,807
30 28,974
40 31,945

" 60 22,534
80 9,541
20

(without surfactant) 12,054



Appendix I Experimental Data of MLSS

Table II Final MLSS at various COD loading rate (started at 20 g/1 of TSS)

COD loading rate 
(kg COD/m3d) MLSS (g/1)

10 42.62
20 87.34
30 7961
40 61.42
60 52.75
80 4971
20

(without surfactant) 51.46
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