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APPENDICES

Appendix A Experimental Data of Enhanced Solubilization of Hydrocarbons
In Oil sludge by Single and Mixed Surfactants.

1. Experiment Data of Effect of Contact Time on Solubilization of Oil Sludge by
Single and Mixed Surfactants

Table A1 Effect of contact time on solubilization of oil sludge by SDS

Time Total Organic Carbon (S+0) C from C from oil sludge average C from
(hr) (ppm) surfactant (ppm) 0il sludge
samplei  sample2  sample3 ~ (ppm)  samplei samp 2 sample3 (ppm)
control 39.8 39.7 40 0 39.8 39.7 40 39.83
0 11,090 11,097 11,103 10,987 103 92 116 103.67
2 12,280 12,265 12,276 12,130 150 135 146 14367
6 12,492 12,405 12,465 12,182 310 223 283 212
12 12574 12,582 12,526 12,262 312 320 264 298.66
20 12,853 12,79 12,798 12,311 524 485 487 498.70
28 12,980 12,889 12,985 12,390 590 499 595 561.33
48 13,002 13,006 13,010 12,442 560 564 568 564.00
70 13,030 13,035 13,028 12,469 561 566 559 562.00
93 13,156 13,164 13172 12,639 517 525 533 525.00
120 13230 13225 13,229 12,696 534 529 533 532.00
150 13390 13394 13,389 12,850 540 544 539 541.00
154 13396 13,399 13,387 12,853 543 546 534 541.00
C = Carbon

= Nonionic surfactant
0 = QOil sludge
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Table A2 Effect of contact time on solubilization of oil sludge by Tween 80

Time Tot Organic Carbon (S+0) C from C from oil sludge average C from
(hr) (ppm) surfactant (ppm) 0il sludg:
samplei  sample2  sample3 (ppm) samplei  sample2  sample3 (ppm)
control 398 39.7 40 0 398 307 40 39.83
11,090 11,097 11,103 10,987 103 92 116 103.67
12,280 12,265 12,276 12,130 150 135 146 143.67
0 12,492 12,405 12,465 12,182 310 223 283 212
© 12,574 12,582 12,526 12,262 312 320 264 298.66
20 12,853 12,796 12,798 12,311 524 485 487 498.70
28 12,980 12,889 12,985 12,390 590 499 595 561.33
48 13,002 13,006 13,010 12,442 560 564 568 564.00
70 13,030 13,035 13,028 12,469 561 566 559 562.00
9 13,156 13,164 13172 12,639 517 525 533 525.00
120 13,230 13,225 13,229 12,696 534 529 533 532.00
150 13,390 13,394 13,389 12,850 540 544 539 541.00
154 13,396 13,399 13,387 12,853 543 546 534 541.00

Table A3 Effect of contact time on solubilization of oil sludge by mixed surfactants

Time Total Organic Carbon (S+0) C from C from oil sludge average C from
(h) (ppm) surfactant (ppm) oil sludge
samplei ~ sample2  sample3  (ppm)  samplei  sample2  sample3 (ppm)
control 30.8 30.7 40 0 398 3.7 0 ' 3983333333
0 13478 13,480 13481 13,242 236 238 239 r 2376666667
2 13713 13715 13,720 13,323 390 392 397 393
6 13,983 13,980 13979 13375 608 605 604  r 605.6666667
12 14,806 14,804 14,801 13,465 1341 1,339 1336 r 1338.666667
20 15,835 15,833 15,837 13,457 2,378 2,376 2,380 2318

28 18,017 18,015 18,020 13,467 4,550 4,548 4553 r 4550.333333
48 18,673 18,670 18,672 13hT5 5198 5,195 5197 ' 5196.666667
70 18,677 18,678 18,673 13485 5192 5193 5,188 5191

93 18,649 18,652 18,656 135509 5,140 5143 5147 r 5143333333
120 18,672 18,670 18,669 13,522 5150 5148 5147 r 5148333333
150 18,679 18,680 18,688 13519 5,160 5,161 5169  r 5163333333
164 18,662 18,681 18,687 13521 5161 5,160 5166 " 5162333333



2. Experimental Data of Enhanced Solubilization of Hydrocarbons in Oil Sludge by Single and Mixed Surfactants

2.1 COD Method

Table A4 Enhanced solubilization of hydrocarbons in oil sludge by SDS at various concentrations

SDS COD exerted by SDS Soluble COD by SDS+Qil COD by HC in ageuous phase average COD in
Concentration (ppm) (ppm) 1 (ppm) ageuous phase
Y%owlv xeme  samplel  sample2  sample3 samplel sample2  sample3 samplel samp 2 samp 3 (ppm)
control control 0 0 0 112 115 114 113 115 114 114
0.1 4.13 17229 1782.32  1786.15 387223  3896.12 391352  2149.33 2113.8 2121.37 2130.17
05 20.66 10563 10496 10522 13547.32  13236.12 13026 2984.32  2740.12 2504 2142.81
1 4132 2206544 22043.02  22053.2  25045.63  24986.75 2499523  2980.19 294373  2942.03 2955.32
2 82.64 39965.03  39956.71 3995425 4563291 4565293  45690.15  5667.88  5696.22 57359 5700
3 12397 5368422 53693.01  53684.12 57952.32  57895.24 57876 4268.1 420223 4191.88 4220.74
4 16529  B85478.72 8564523 8556941 8945826 ~ 89395.05 89378.56 397954  3749.82  3825.64 3851.67



Table A5 Enhanced solubilization of hydrocarbons in oil sludge by Tween 80 at various concentrations

Tw 80 COD exerted by Tween80 Soluble COD by Tween80+0il COD by HC in ageuous phase average COD in
Concentration (ppm) (ppm) (ppm) ageuous phase
Y%wlv Xeme  samplei  sample2 samp le3 samplei  sample2  sample3 samplei  sample2  sample3 (ppm)
control control 0 0 0 112 115 114 13 115 114 114
0.05 RY) 652.3 669.23 675.35 1569.65 154551 156242  917.35 867.28 887.07 890.57
0.1 64 166125  1,745.62 171223 451236 452356 452612 285111  2,777.94  2.813.89 2,814.31
0.5 319 9,845 9,898 9,85611,: 42.00 11,325.23  11,456.16 1,697 142723 1,600.16 1574.80
1 637 17,998 18,256 17956  18956.32 1924552  18,754.60  958.32 989.52 798.6 915.48
2 1,27432,(84.12 32,659.45 32674 3365820 33711 33,685 974.08 1,051.55 1,011 101221
3 1,911 49,302 50,128.74  49,685.15 50,322.15 51,156.23  50,655.56  1,020.15 102749 97041 1,006.02
4 2,548 75,481 7595156 7564531 76,621.00  76,852.00 76,752.60 1140 900.44 1,107.29 1049.24

Table A6 Enhanced solubilization of hydrocarbons in oil sludge by mixed surfactants at various concentrations

Slo%wcentratiToyr\]/‘Aﬁ COD?xerte\d by DS Soluble COD by SDS+Ol CODby I-Sliié%i%%euous phase %\égrua Ssp asig]
. [y : .

Oy Y Jl@Q—samleS— mﬁeﬂ—sar%e —sampie3— le g [

control - control 0 0 15 114 15 sanpm (pHE)
01 Q1 18b5l 18460 18h&% 468351 46610 46389 28 WM 2R 218369
05 a1 1346) 2188 2185 780% T6AY T6Nb HEB HHb HED 3093333
1 01 B 16B2 %18 UEh 668 &9 5B 5h6l RLR h/goY/
/ Q1 109 19 [ PIRY 086 N84 8P Bl B AR
3 Ol %8 405% 41065 404% 40360 4051 0% B5  [0B% A&
4 01 5804 Y8387 HBI6B 614778 61483 61420 664l 6082 665615 6653920067



2.2 TOC Analyzer

Table A7 Enhanced solubilization of hydrocarbons in oil sludge by SDS at various concentrations

6 Tjtal %anic Carbon ¢ from Surfactant ( ) ¢ fromQl Sludge
(()‘/nn ntratlorl(cmc el ganﬁ 4 le3 lei san%) rr& |63 1 Qﬂ 3
0
control  control Sa3%P88 13 San%&lS San8 0 = Sa13195’.‘)88 sar%fB Sanﬁ&lS
01 413 N S8R 5D 5% Me1b  H)2 453 A 5]
05 000 2002 2518 2540 243100 1437 () il 10
1 4 5310 515 584 4% 486, 4h fied) 5%3
) Q6d 10506 1045 1052 9832 99050 1056 508 55 4
3 B9 B0 10 BB 14e8 B 247 ) il
4 1A 2000 1960 19872 1% 991 1%/ )] 10 1B



Table A8 Enhanced solubilization of hydrocarbons in oil sludge by Tween 80 at various concentrations

I Xe
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Table A9 Enhanced solubilization of hydrocarbons in oil sludge by Triton X-100 at various concentrations




Appendix B Experimental Data of Enhanced Biodegradation of Hydrocarbons in Oil Sludge by Single and Mixed
Surfactants.

1. Surfactant Effects on Gvowth and TPH Degradation of Indigenous Bacteria

Table B1 The effect of oil sludge on growth and biodegradation of indigenous bacteria

®  Pegmm  Ttmsinm syl by

Xt era atlo e eqracation 05
ot B B2 W%”B e
™ & it 941 mm ik S S 1
q 89 o7 2 4 12 4 ap 4
¢ mY @y W oMb yH o gm me b
R T A R - A O

TPH = Total Petroleum hydrocarbons
Ave =average



Table B2 The effect of SDS at 2%w/v on growth and biodegradation of indigenous bacteria
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Table B3 The effect of Tween 80 at 0.1 %wlv on growth and biodegradation of indigenous bacteria
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Table B4 The effect of mixed surfactants on growth and biodegradation of indigenous hacteria

day

control
dl
@
@
i/
13
dr

TPH extract (mg)  TPH degradation ﬁmg)
samplel  sample2 samplel sam

985.29
9%2.34
821.52
802.79
16382
658,43
648.36

986.43
963.71
824.14
600.63
16187
603.32
690.49

22 %
157.171
1825
2147
326.86
336.93

0
24.71
164.34
187.65
22661
335.16
3319

dry wt cell (mg)
ple2” samplel  sample2
017 0139
L7823
52812 51832
56671 51.83%
59874 60.344
6L783  60.218
61585 61898

ave TPH
degradation

(rgg)

23,36
161,05
185175
22404
33101
33146

ave d
Wt cel

ki

22.06%
52322
57.253
60.109
61.0005
61.7415



2. Surfactant Effects on Growth and TPH Degradation ofpseudom onas aeruginosa

Table B5 The effect of single and mixed surfactants on growth of Pseudomonas aeruginosa by using spectrophotometer

Type of Surfactants
Days OD600 0D600 ~0D600
Tween 80 at 0. 1%wiv SDS at 2%wiv Mixed Surfactants
do 0.008 0.012 0.013
dl 0.009 0013 0.0134
a2 0.0105 0.014 0.0135
1§} 0.01055 0.0145 0.0143
i/ 0.01056 0.0147 0015
13 0.01057 0.01475 0.014
do 0.01056 0.0148 0.0155

a7 0.01056 0.0148 0.0155



Table B6 The effect of oil sludge on growth and hiodegradation of Pseudomonas aeruginosa
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Table B7 The effect of SDS at 2%wiv on growth and biodegradation of Pseudomonas aeruginosa
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Table B9 The effect of mixed surfactants on growth and biodegradation of Pseudomonas aeruginosa

day

control
dl

SIS EINT S

TPH extract (mF
samplel  sample2

985.29
9049
823.24
60082
760.71
696.58
657.32

986.43
960,01
820.17
198.39
19923
699.05
659.91

samplel
0

248
162.05
184.47
22458
32871
32197

) TPH degradation ﬁmg)

sample?
0
2847
16831
190.09
229.25
32943
32857

dry wt cell (mg)
sample 1 samnﬁez 1
0117 0.139
283301 2478
95822 5442
58780 57.156
60332 6279
62229 63436
62347 63587

ave TPH
degraciation

(nag)
26,635
165.18
187.28
226915
329.07
328.21

ave d
Wt cel

mg
0'128
24,087
55,123
5719125
61.564
62.85/5
62.967



Table B8 The effect of Tween 80 at 0. [%w/v on growth and biodegradation of Pseudomonas aeruginosa

ave TPH  ave dry

day TPH extract (mg) TPH degradation (mg) ~ drywtcell (mg)  degradation  wt cell
samplel sample2  samplel sample2  samplel sample2 (mg) (mg)

control  981.89 98234 0 0 0.312 0.371 0 0.342
dl 96942 96871 1247 13.63 16.73 17.34 13.05 17.035
d2 83012 83051 15177 15183 4625 47.527 1518 46.889
a3 79382 79231 18807 19003 50378  51.242 189.05 5081
o4 78159 78034 200.3 202 54.643 54081 201.15 54.362
d5 10774 70845 27415 27389  59.854 60542  274.02 60.198
d7 70843 70957 27346 21277 61967 61427 273115 61.697



3. GC-MS

Table BIO TPH degradation of hydrocarbons by Indigenous bacteria (reported as type of hydrocarbons)

Type of Hrdrocarbons No surfactant ~ Mixed Surfactants Tween 80 at 0. 1%wl/v SDS at 2%w/v
2,4- Dimethylheptane 0.32 12.29 10.17 14.15
Phenantherene 12.98 90.88 49.92 93.36
2- Methylphenanthrene 8.39 81.75 949 84.03
9,10- dimethlyanthracene 4,03 82.36 53.57 70.71
1- Methlyanthracene 3.21 64.43 43.39 48.34
4- Methylpyrene 3.17 2477 39.16 40.09
1- Methylp%/rene 1.15 85.09 30.79 56.24
5- Methylchrysene 0.47 48.64 21.52 35.64



Table Bl TPH degradation of hydrocarbons by » sewson onas aeruginosa (reported as type of hydrocarbons)

Type of Hydrocarbons No surfactant Mixed Surfactants ~ Tween 80 at 0.1%w/v SDS at 2%wiv
2,4- Dimethylheptane 0.61 12.94 12.62 15.67
Phenanthrene 16.83 92.17 88.36 94.42
2-Methylphenanthrene 8.47 87.43 96.62 86.72
9,10-Dimethlyanthracene 13.39 88.26 90.49 79.94
1-Methylanthracene 5.47 102.29 84.82 44.12
4-Methylpyrene 12.26 37.15 62.32 46.71
l-Methyngrene 1371 92.21 63.04 60.02
5-Methylchrysene 1.17 61.74 36.91 31.79



Appendix ¢ Experimental Data of Enhanced Biodegradation of Hydrocarbons in Bioreactor by Single and Mixed
Surfactants,

1. Surfactant Effects on Growth and TPH Degradation of Indigenous Bacteria in Bioreactor

Table CI' The effect of oil sludge on growth and biodegradation of indigenous bacteria in bioreactor (control reactor)

TPH extract (mg)  TPH degradation (mg) ~ Dry wt Fell(mg) ave TPH  ave drywt

day degradation cell
samplel sample2 samplel sample2  samplel  sample2 (mg) (mg)

control 112332 112547 0 0 0583 0561 © 0 " 0572
dl 112087 111775 245 1.12 2078 2353 ' 5085 2265
2 111545 111364 787 11.83 2065 2113 985 ' 2869
d3 111006 109843  23.26 21.04 3234 3487 2515 " 33605
d4 108553 108502  37.79 40.45 4465 4354 3912 " 44.0%
b 107575 107734 4757 48 13 46,78 4731 4785 T 47.045

d7 104098 104464  82.34 80.83 50.43 50.95 81585 5069
d8 103952 103943 838 86.04 50.65 50.74 8492 ' 50.6%
d9 103907 104032 84.25 85.15 50.87 50.94 ga7 !

dio 103943 104006  83.89 8541 50.45 50.23 8465

TPH = Total Petroleum hydrocarbons
Ave =average

50.905

t
d6 106421 106029  59.11 65.18 49.07 49,65 [ 62.145 49.36
f 50.34



Table C2 The effect of mixed surfactants on growth and biodegradation of indigenous bacteria in reactor 1

TPH extract (mg)  TPH degradation (mg) ~ Drywtcell(mg)  ave TPH  ave drywt

day degradation cell
samplel sample2 samplel sample2  samplel sample2 (mg) (mg)
control 112332 112547 0 0 0583 0561 " 0 0.5/2

dl 1084.71 108539 3861 40.08 32237  32.564 39.345 32.4005
d2 93651 93514 18681 19033 55429 56821 188.57 56.125
3 92962 92824 1937 19723 57891  58.392 195.465 58.1415
o4 88101 88343 24231 24204  60.237  59.984 242175 60.1105
d5 81964 82128 30368 30419 65148  66.037 303.935 65.9925
d6 19212 19447 3312 331 66.134  66.783 3311 66.4585
d7 77198 76984 35134 35563 67459  66.948 353485 67.2035
d8 14382 74429 3195 38118 66278  66.519 380.34 66.3985
d9 14228 74153 38104 38394  66.09%  66.254 362.49 66.175
dio 74272 74146 3806 38401 65909  66.018 382.305 65.9635



Table C3 The effect of mixed surfactants on growth and biodegradation of indigenous bacteria in reactor 2

day
control

2
d3
a4
d
d6
d7
a8
d9
dio

TPH extieact (mg)
sample 1l  sample2
112332 112547
109276 1090.24
943.64 941,59
93112 92931
884.09 88272
82561 82442
79985  797.35
18339 78211
75L77 750,02
74958 14897
74923 74941

TPH degradation (mg)
samplel  sample2
0 0
30.56 35.23
17968 18388
192.2 196.16
239.23  242.75
29771 301.05
32347 32812
33993  343.36
371155 37545
31374 3765
371409 376.06

Dry wt cell (mg)

sample L

0.583
28.582
50.834
51.945
52.356
58.876
59.856
58.897
58.549
58.315
58.187

sample2

0.561
28.387
50.627
51.875
52.076
58.627
59.845
56.739
58.409
58.652
57.906

r

t
Y
r
r
r
r
r
r
r

ave TPH
degradation

(mg)
0
32.895
18178
194.18
240.99
299.38
32579
341645
3735
375.12
375.075

ave dry wt

cell

— {d,

-~ . = m = = < ==

28.4845
50.7305
5191
52.216
58.7515
59.8505
58.818
58.479
58.4835
58.0465



Table C4 The effect of mixed surfactants on growth and biodegradation of indigenous bacteria in reactor 3

TPH extract (mg) ~ TPH degradation (mg) ~ Drywtcell(mg)  ave TPH  ave drywt
]

day degradation cell
samplel sample2 samplel sample2  samplel  sample2 (mg) (mg)
control 112332 112547 0 0 0583  0.561 0 0.572
dl 109927 110138 2405 2409  27.986  27.649 2407 1 218175
2 94912 95069 1742 17478 49674  49.385 17449 T 495295
8 9%57 93673 18775 18874 50436 50083 188245 50.2595
a4 88991 89042 23341 23505  5L753  50.996 23423 T 513745
b 8313 8428 29019 29119 57863  56.948 29069 57.4055
d 80855 80982 31477 31565 59639 59742 31521 59.6905
7 79933 80007 32399 3254 58496 58287 324695 | 583915
@ 76221 76018 36111 36529 57396 57459 3632 574205
d 76019 76136 36313 36411 57507 57431 36362 57469

dio 76198 76009 36134 36538  57.056  57.116 363.36 57.086



Table C5 The effect of mitfed surfactants on growth and biodegradation of indigenous bacteria in reactor 4

TPH extract (mg) ~ TPH degradation (mg) ~ Drywtcell(mg) ~ ave TPH  ave drywt

day degradation cell

samplel sample2 samplel sample2  samplel sample2 (mg) . (mg)
control 112332 112547 0 0 0.583 0561 ' 0.572
dl 110361 110482 1971 2065 27457 27684 " 2018 " 275705
d2 BL73 95225 17159 17322 46861 47832 ' 172405 " 47.3465
3 93713 93886 18619 18661 48993 49934 ' 1864 ' 49.4635
o4 89058 88845 23274 237.02 49872 50967 ' 23488 ' 504195
d5 83667 837.33 28665 28814 56967 56327 " 287395 °  56.647
d6 81153 81337 31179 3121 58969  59.035 311945 " 59.002
d7 80229  80L71  321.03 32376  57.954 56986 ' 322395 ' 5747
98 76447 76118 35885 36429 57450 57398 ' 36L57T ' 57.4285
d9 76337 76429 35995 36118 57673 51175 rr 360.565 : 57.424

dio 76449 76302 35883 36245 57529  57.309 360.64 51419



Table C6 The effect of mixed surfactants on growth and hiodegradation of indigenous bacteria in reactor 5

TPH extract (mg)  TPH degradation (mg) ~ Drywtcell(mg)  ave TPH  ave drywt

day degradation cell
samplel sample2 samplel sample2  samplel sample2 (mg) (mg)

control 112332 112547 0 0 0.583 0561 ' 0 0.572
dl 1089.75 108895 3357 31 29967  30.051 33.97 30.009

d2 94318 94416  180.14 17916 48885  49.913 179.65 49.399
3 92905 92933 19427 19399 49945  50.027 194.13 49.986
o4 88293 88103 24039 24229 50763 ~ 51142 241,34 50.9525
d5 83067 83032  292.65 293 58.989  58.675 292.825 58.832
d6 80631 80579 31701 31753  59.834  60.004 311.27 59.919
d7 78856  788.72 33476 3346 59578  59.173 334.68 59.3755
d8 16287 75948 36045 36384  59.053  59.189 362.145 50.121

d9 15723 757192 366.09 3654 58879  58.067 365.745 58.473

dio 75756 75694  365.76  366.38 58617  58.241 366.07 58.429



2. Surfactant Effects on Growth and TPH Degradation ofpseudom onas aeruginosa In Bioreactor

Table C7 The effect of mixed surfactants on growth and biodegradation of p sevson onas aeruginosa in reactor 1

TPH extract (mg)  TPH degradation (mg) ~ Dry wt cell (mg) ave TPH ~ ave dry wt

day degradation cell
samplel sample2 samplel sample2  samplel sample2 (mg) (mg)
control 112332 112547 0 0 0583 0561 " 0 0.572

dl 107793 107829  45.39 4718 32231 32.564 46.285 32.4005
d2 93011 92982 19321 19565 55429  56.821 194.43 56.125
a3 92621 92884 19711 19663 57891 58392 196 87 58.1415
o4 87453 87372 24879 25175 60237 59.984 250.27 60.1105
d5 81747 81853 30585 30694 65148  66.037 306.395 65.5925
do 78492 78335 3384 34212 66134  66.783 340.26 66.4585
d7 16643 76769  356.89 35778 67459  66.948 357.335 67.2035
d8 13228 73143 9104 39407 66278 66519 392.555 66.3985
d9 73118 73225 39214 39322 66096  66.254 392.68 66.175
dio 73224 73108 39108 39439 65909  66.018 392.735 65.9635



Table C8 The effect of mixed surfactants on growth and biodegradation of Pseudomonas aeruginosa in reactor 2

day

control
dl
d2
d3
d4
d5
dé
d7
a8
d9
dio

TPH extract (mg)  TPH degradation (mg) ~ Dry wt cell (mg) ave TPH ave dry wt
' degradation cell
samplel sample2 samplel sample2  samplel sample2 (mg) (mg)
112332 112547 0 0 0.583 0.561 0 0'572
109049  1088.84  32.83 3663  304%  31.0% 3473 30.795
94012 93931 1832 186.16 52287  51.932 184.68 52.1095
92651 92526 19681 20021 53408  54.023 19851 53.7155
88091 87972 24241 24575 56834 55231 244,08 56.0325
82237 82303 30095 30244 59674 ~ 60.784  301.695 60.229
79665  797.74 32667 32773 62785 62815 3212 62.8
78015 78132 34317 34415 62963  63.784 343,66 63.3735
74728 74683  376.04 37864 62641 63967 377.34 63.304
74684 74773 37648 37774 62494 62.765 37711 62.6295
4121 74663 37611 37884 62198 62371 377475 62.2845



Table C9 The effect of mixed surfactants on growth and biodegradation of Pseudomonas aeruginosa in reactor 3

TPH extract (mg) ~ TPH degradation (mg) ~ Dry wt cell (mg) ave TPH ~ ave dry wt

day degradation cell

samplel sample2 samplel sample2  samplel sample2 ~ (mg) (mg)
control 112332  1125.47 0 0 0.583 0.561 0 - 0572
dl 109837  1097.87 2495 21.6 28354 28176 ' 26215 ' 28.265
a2 04805 94775 17527 17772 49907 50873 T 176495 5039
a3 93148 93021 19184 19526 50623  51.498 19355 ' 510605
o4 88657  885.32 23675 24015 51419 50926 ' 23845 © 5L1725
d5 83127 83249 29205 29298 57923 56387 ' 292515 ' 57.155
d6 80563 80489 31769 32058 6256 62781 319135 626705
dr 19221 79407 33111 3314 62456 61928  3312%5 T 62192
8 76114 76152 36218 36395  6L785 61039 ' 363065 ' 61.412
d9 75889 759.5 36443 36622 61923 61382 ' 365325 : 61.6525

dio 75776 76016 36556 36531 61519 60941 " 365435 61.23



Table CIO The effect of mixed surfactants on growth and biodegradation of Pseudomonas aeruginosa in reactor 4

TPH extract (mg) ~ TPH degradation (mg) ~ Drywtcell(mg)  ave TPH  ave drywt

day degradation cell

samplel sample2 samplel sample2  samplel sample2 . (my) (mg)

control 112332 1125.47 0 0 0.583 0.561 0 0.572
dl 11002 110037 23.12 241 21.056  27.165 23.61 27.1105

d2 94656 94778 17676  177.69 48536  48.497 177.225 48.5165
3 93312 93267 1902 1928 49.964  49.637 1915 49.8005
o4 88523 88751 23809 23796  50.745  50.659 238.025 50.702
d5 63393 83445 28939 29102 57216  56.953 290.205 57.0845
d6 80936 80722 31396 31825 58965  58.216 316.105 58.5905
d7 78988 79996 32444 3551 58437 58.051 324975 58.244
d8 76007 75091 36325 36566 58176  58.028 364.455 58.102
d9 15863 75886  364.69 36661  57.993  57.839 365.65 51.916
dio 15884 75934 36448 36613  57.943 51773 365.305 571.858



3. Total Organic Carbon (TOC) in Bioreactor

Table Cll Total Organic Carbon (TOC) of indigenous bacteria in hioreactor
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Table c12 Total Organic Carbon (TOC) of Pseudomonas aeruginosa in bioreactor
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Appendix D Analytical Method.

1. Enhanced Solubilization
= (Solubilizatiorioii+surf - Solubilizationsud) - Solubilizatioricontroi
where Surf= Surfactant

2. % Enhanced Solubilization
= (Enhanced solubilization x 100) / Solubilizatioricontroi

3. TPH Degradation

= TPHcontrol - TPHd
where TPH = Total Petroleum Hydrocarbon

d =dltodr

4. % TPH Degradation
= (TpH degradation x 100) / TpHcontrol

5. Yield of Bacteria
= Dry weight cell / TPH degradation

6. Rate of TPH Degradation
= TPH degradation / 7 days
= TPH degradation / (7 days x dry weight cell)

87
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