REFERENCES

Andrea, G., Loredana, S., Francesco, P., Raffaele, C., and Giuseppe, B. (2004)
Sequencing batch reactor performance treating PAH contaminated lagoon
sediments. Journal of Hazardous Materials. 119,159-166.

Atlas, R.M. and Bartha, R. (1972) Biodegradation of petroleum in sea water at

low temperatures. Journal of Microbiology, 18,1851-1855.

Atlas, R M. and R. Bartha. (1972) Stimulated biodegradation of oil slicks using
oleophilic fertilizers. Environmental Science and Technology, 7, 538-541.

Atlus, RM. (1981) Microbial degradation of petroleum hydrocarbon. Microbial
Review, 45, 180-209.

Becher, P. (1965) Emulsions, Theory and Practice. New York: Reinhold Publishing.

Bethany, M.M., Timothy, M.L., and Raymond, M.H. (2003) Biodegradation of
haloacetic acids by bacterial enrichment cultures. Journal of Microbiology,
55, 915-925.

Boopathy, R. (2003) Use of anaerobic soil slurry reactors for the removal of

petroleum hydrocarbons in soil.  International Biodetorioration and
Biodegradation, 52, 161-166.

Bossert, 1. and Bartha, R. (1984) The fate of petroleum in soil ecosystems. New
York: Macmillan Publishing Co, 434-476.

Carucci, A., Lindrea, K., Majone, and M., Ramadori, R. (1995) Dynamics of the

anaerobic utilization of organic substrates in an anaerobic/aerobic

sequencing batch reactor. Water Science and Technology, 31(2), 35-43.

Colwell, R.R. and Waler, J.D. (1977) Ecological aspects of microbial degradation
of petroleum in the marine environment. Journal of Microbiology, 5, 423-
445.

Colwell, R.R., Mills, A.L, Walker, J.D., Glacia, T.P., and Campos,P.V. (1978)
Microbial ecology of the Metula spill in the Straits of Magellan. Journal of
Bioresource Technology, 35, 573-580.

Davis, S. J. and Gibbs C. F. (1975) The effect of weathering on crude oil residue

exposed at sea. Water Research, 9, 275-285.




65

Ehlers, G.A. and Rose, P.D. (2005) Immobilized white-roi fungal biodegradation
of phenol and chlorinated phenol in trickling packed-bed reactors by
employing  sequencing batch operation. Bioresource Technology, 96,
1264-1275.

Eileen, O.V.R. (1995) Profile of the Petroleum Refining Industry, U.S. government
EPA 310-R-95-013.

Englert, C. J., Kenzie, E. J., and Dragun, J. (1993) Bioremediation of Petroleum
Products in Soil, Journal of Hazardous Materials, 40, 111-129.

Faltko, D.M. (1991) Effects of biologically reduced surfactants on the mobility and

biodegradation of ' petroleum hydrocarbon. M.S. thesis in Virginia
Polytechnic Institute and State University Blacksburg, VA.

Friedrich, W. and Ralf, R. (2001) Anaerobic biodegradation of saturated and
aromatic hydrocarbons. Current Opinion in Biotechnology, 12, 259-271.

Fish, N.M., Allenby, D.J., and Lilly, M.D. (1982) Oxidation of n-alkanes: growth of
Pseudomonas putida. Eur. J. Applications of Microbial Biotechnology, 14,
259-262.

Foght, L.M. and Westlake D. W. S. (1982) Effect of dispersant Corexit 9527 on the
microbial degradation of Prudhoe Bay oil. Journal of Microbiology, 28,117-
122.

Fusey, P. and Oudot, J. (1984) Relative influence of physical removal and

biodegradation in the depuration of petroleum contaminated seashore
sediments. Journal of Microbiology, 15, 136-141.

Gallego, A., Fortunato, M.S., Foglia, J., Rossi, S., Germini, V., Gomez, L., Gomez,
C.E., Hila,L.E., and Koral, S.E. (2003). Biodegradation and detoxification
of phenolic compounds by pure and mixed indigenous culture in aerobic

reactors. International Biodetorioration and biodegradation, 52, 261-267.

Gibson, D. (1984) Microbial degradation of organic compounds, New York:
Marcel Dekker.

Gogolev, A. and Wilke, B.M. (1996). The role of oxygen diffusion in passive
bioremediation of petroleum contaminated soils. Journal of Hazardous

Materials, 51, 93-113.




66

Greek, B.F.  (1991). Sales of detergents growing despite recession. Chemical
Engineering, 68, 25-52.

Huesemann, M.H. and Truex, M.J. (1996) The role of oxygen diffusion in passive
bioremediation of petroleum contaminated soils. Journal of Hazardous
Materials, 51, 93-113.

In, SK., Jong, S.P.,, and Kyoung, W.K. (2001) Enhanced biodegradation of
polycyclic uromatic hydrocarbons using nonionic surfactants in soil slurry.

Applied Geochemistry, 16, 1491-1428.
Magesin, R. and Schinner, F. (1998) Biodegradation of diesel oil by cold-adapted

microorganisms in presence of sodium dodecyl sulfonate. Chemosphere,
38(15), 3463-3472.
Meltem, S. (2005) Bioiogical phosphorus removal in a sequencing batch reactor by
using pure cultures. Process Biochemistry, 40, 1599—1603.
Mulligan, C.,N. and Gibbs, B.F. (1993) Factors influencing the economics of
biosurfactants. Biosurfactants Production. New York: Marcel Dekker, 329-

371;
Neissen, W.R. (1978) Combustion and Incineration Processes. New York: Marcell
Dekker.

Nora, R.O. and Juan, C.L. (2001) Phenol biodegradation using a repeated batch
culture of Canadian tropicalis in multistage bubble column. Revista
Latinoamericana de Microbiologia, 43, 19-25.

Ong, S.A., Lim, P.E., and Seng, C.E. (2003) Effect of adsorbents and copper (II) on

activated sludge microorganisms and sequencing batch reactor treatment

process. Journal of Hazardous materials, 103, 263-277.

Osten Enzyme India (P) Ltd., (2002) Oil Sludge Treatment. New York: Marcell
Dekker.

Ozer ¢. (2004) Stability of aerobic benzoate-degrading capability of Pseudomonas
aeruginosa 142. Process Biochemistry, 40, 1409-141.

Patrick, P.E.C. and Fehmidakhatun, AM. (1995) Enhanced Biodegradation of
Creosote Contaminated Soil. Waste Management, 15(8), 579-583.

Perry, J.J. (1984) Microbial metabolism of cyclic alkanes. New York: Mac-millan,
61-98.




67

Prame, P., Vissanu, M., Chatvalee, K., Pramoch R., Thirasak, R., and Boonyarach, K.
(2003) Pyrolysis of API separator sludge. Journal of analytical and applied

pyrolysis, 68-69, 547-560.

Rahman, K.S.M. (2003) Enhanced bioremediation of n-alkane in petroleum sludge
using bacterial consortium amended with rhamnolipid and micronutrients.
Bioresource Technology, 2003, 90, (2), 159-168.

I'{hykerd, R.L., Crews, B., Mclnnes, K.J., and Weaver, RW. (1999) Impact of
bulking agents, forces aeration, and tillage on remediation of oil
contaminated soil. Biosource Technology, 67, 279-285.

Rosen, M.J. (1978) Surfactant and Interfacial Phenomena. New York: Wiley.

Samanta, S.K., Bhushan, B., and Jain, R.K. (2001) Efficiency of naphthalene and
salocylate degradation by a recombinant Pseudomonas puttida mutant strain
defective in glucose metabolism. Applied Microbiology and Biotechnology,
55, 627-631.

Smith, N.E. (1979) Solid waste disposal: Deep well injection. Chemical Engineering,
107-112.

Sugira, K., Ishihara, M., Shimauchi, T., and Harayama, S. (1997) physicochemical

properties and biodegradability of crude oil. Environment Science and

Technology, 31, 45-51.
Thomas, J.M., Yordy, JR., Amador, J.A., and Alexander, M. (1986) Rate of
dissolution and biodegradation of water-insoluble organic compounds.

Application.of Environmental Microbiology, 52, 290-296.

Vasudevan, N. and Rajaram, P. (2001) Enhancing dewater ability and amenability
of siudge for subsequent stabilization processes by using organic waste

solids as conditioners. Journal of Environmental Science and Health part a

Toxic/Hazardous substances and Environmental Engineering. 36(2),191-202.
Verstraete, W., Vanloocke, R., Deborger, R., and Verlinde, A. (1976) Modeling of

breakdown and the mobilization of hydrocarbons in unsaturated soil layers.
Ward, D.M. and Brock, T.D. (1978) Hydrocarbon biodegradation in hyper saline

envioronments. Application in Environmental Microbiology, 27, 353-359.

Watanabe, K. (2001) Microorganism relevant to bioremediation. Current Opinion

in Biotechnology, 12, 237-241.




Wiles, C.C. (1987) A Review of Solidification/Stabilization Technology. Journal
of Hardzardous Materials, 14, 5-21.

Willson, G.B., Sikora, L.J., and Parr, J. F. (1983) Composting of chemical industrial
wastes prior to land application, and land treatment of hardzardous waste.
Journal of Hardzardous Materials, 17, 16-23

Xiangchun, Q., Hanchang, S., Yongming Z., Jianlong ,W., and Yi, Q. (2004)
Biodegradation of 2,4-dichlorophenol ‘and phenol in an airlift inner-loob

bioreactor immobilized with Achromobacter sp.: Separation and Purification.

Application in Environmental Microbiology, 19, 146-153.



APPENDICES

Appendix A Experimental Data of Enhanced Solubilization of Hydrocarbons
In Oil sludge by Mixed Surfactant.

1. Experiment Data of Effect of Contact Time on Solubilization of Air dried Oil
Sludge by Mixed Surfactant at Mixing Speed 60,120 and 200 rpm.

T 025

T 02

T 015

Enhanced-solubilization
(mg/L)

—&— 1% wiv of air dried oil sludge at 120 rpm 1 0.1
—=— 1% wv of air dried oil sludge at 200 rpm
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—=&— 1% wiv of extract oil from oil sludge at 120 rpm | | (05
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Contact time profile of the enhanced solubilization of air-dried oil sludge by mixed-

surfactant system by varying the agitation speed using TOC analyzer.



1.1 TOC analyzer
Table A-1 Effect of contact time on solubilization of oil sludge by mixed surfactant

(Tween 80 and SDS) at the agitation speed 120 rpm

C from oil sludge C from Total Organic Carbon
Time Average C
(hr) no S (ppm) surfactant (5+0) (ppm) from
oil sludge
(control) (ppm) (ppm) L,
sample 1 | sample 2 (control) sample 1 sample 2 Ratio
0 88.02 88.25 20480.00 20568.02 20568.25 0.00 0.00
0.5 88.11 88.02 20860.00 21100.00 21090.00 146.93 0.01
1 103.25 100.19 20820.00 21480.00 21474.00 55528 0.03
1.5 116.68 116.43 20884.00 21680.00 21686.00 682,45 0.03
2 122.71 12133 20840.00 21820.00 21814.00 85498 0.04
3 138.68 138.40 20880.00 22140.00 22130.00 1116.46 0.05
4 143.04 141.60 20926.00 22380.00 22360.00 1301.68 0.06
5 144.86 143.36 20940.00 22540.00 22574.00 1472.89 0.07
6 166.68 166.80 20990.00 22700.00 22690.00 1538.26 0.07
T 170.97 171.04 20930.00 22940.00 22936.00 1837.00 0.09
12 164.87 163.60 20880.00 23100.00 23120.00 2065.77 0.10
16 158.07 161.08 20860.00 23300.00 23310.00 228542 0.11
20 280.07 277.74 20592.00 23420.00 23400.00 2539.10 0.12
23 293.60 291.31 20460.00 23420.00 23400.00 2656.40 0.13
24 278.66 280.42 20500.00 23400.00 23410.00 2625.46 0.13
26 272.88 281.52 20530.00 24120.00 24000.00 3252.80 0.15
28 274.90 283.06 20800.00 24740.00 24090.00 3336.02 0.16
29 280.16 285.08 20700.00 24640.00 24600.00 3637.38 0.17
30 279.31 284.44 20500.00 24420.00 24440.00 3648.13 0.17
33 265.20 283.72 20460.00 24340.00 24460.00 3665.54 0.17
46 281.16 286.92 20940.00 25360.00 25400.00 4155.96 0.20
48 279.70 284.64 20900.00 25420.00 25560.00 4307.83 0.21
51 282.00 288.44 20940.00 25920.00 25800.00 4634.78 0.22
54 281.96 283.31 20900.00 26120.00 26040.00 4897.36 0.23
55 280.80 287.52 20940.00 26000.00 26100.00 4825.84 0.23
72 283.00 287.12 20940.00 26140.00 26120.00 4904.94 023
96 282.40 291.34 20940.00 26020.00 26160.00 4863.13 023
120 281.00 286.78 20920.00 26220.00 26180.00 4996.11 0.24

C = Carbon, S = Mixed surfactant, O = Oil sludge
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Table A-2 Effect of contact time on solubilization of oil sludge by mixed surfactant
(Tween 80 and SDS) at the agitation speed 60 rpm
Time (hr) C from oil sludge C from Total Organic Carbon
Average
no  S(ppm) surfactant (§+0) (ppm) C from
oil sludge

(control) (ppm) (ppm)

sample 1 sample 2 (control) | sample 1 sample 2 Ratio
0 88.024 .| 8825 11,612 11,700 11,700 0 0
1 88.1064 88.024 11,612 12,132 12,100 4159348 | 0.019806419
4 103.246 100.194 11,612 12,504 12,426 75128 | 0.035775238
8 116.682 116.426 11,612 12,672 12,650 932.446 | 0.04440219
24 122.706 121.33 11,612 12,868 13,560 1479982 | 0.070475333
28 138.682 138.4 11,612 13,944 13,800 2121459 | 0.101021857
32 143.042 141.6 11,612 13,980 14,000 2235679 | 0.106460905
48 144,862 143.36 11,612 14,598 14,620 2852.889 | 0.135851857
54 166.676 166.8 11,612 14,848 14,806 3048262 | 0.145155333
59 170.966 171.04 11,612 15,528 15,400 3680.997 | 0.175285571
72 164.87 163.6 11,612 16,108 16,020 4287765 | 0.204179286
77 158.072 161.08 11,612 16,126 16,086 4334424 | 0206401143
82 280.066 277,74 11,612 16,302 16,402 4461.097 | 021243319
97 2936 291.308 11,612 16,480 16,440 4555546 | 0.216930762
120 291.4 292.4 11,612 16,389 16,435 4508.1 0.214671429

Table A-3 Effect of contact time on solubilization of oil sludge by mixed surfactant

(Tween 80 and SDS) at the agitation speed 200 rpm

1;;:’1)3 C from oil sludge C from Total Organic Carbon
Average C
no S (ppm) surfactant (§+0) (ppm) from
oil sludge
(control) (ppm) (ppm)
sample 1 sample 2 (control) sample 1 sample 2 Ratio
0 88.024 88.25 12,482 12,570 12,570 0.00 0.00000
I 88.1064 88.024 12,482 12,662 12,666 93.93 0.00447
4 103.246 100.194 12,482 13,304 13,200 668.23 0.03182
8 116.682 116.426 12,482 13,774 13,800 1188.45 0.05659
24 122.706 121.33 12,482 17,830 17,944 528298 0.25157
28 158.682 138.4 12,482 16,266 16,422 372346 0.17731
32 143.042 141.6 12,482 16,366 16,352 3734.68 0.17784
48 144 862 143.36 12,482 15,330 15,138 2607.89 0.12419
54 166.676 166.8 12,482 15,954 16,010 3333.26 0.15873
59 170.966 171.04 12,482 15,786 15,800 314212 0.14962
72 164.87 163.6 12,482 16,202 16,196 3551.17 0.16910
77 158.072 161.08 12,482 16,306 16,290 3653.56 0.17398
82 280.066 277.74 12,482 16,388 16,400 3688.57 0.17565
97 293.6 291.308 12,482 16,472 16,520 3783.80 0.18018
120 2914 290.5 12,482 16,468 16,531 3788.40 0.18040
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Table A-4 Effect of contact time on solubilization of extract oil from oil sludge by

mixed surfactant (Tween 80 and SDS) at the agitation speed 120 rpm

Time (hr) C from oil sludge C from Total Organic Carbon
Average C
no S (ppm) surfactant (§+0) (ppm) from
oil sludge
(control) (ppm) (ppm)
sample 1 sample 2 (control) | sample 1 | sample 2 Ratio

0 99.20 103.44 10600.00 | 10699.20 | 10703.44 0.00 0

1 202.40 207.00 10600.00 | 13834.00 | 13840.00 3032.30 0.144395238
2 219.60 220.90 10600.00 | 13874.00 | 13884.00 3058.75 0.145654762
4 27420 269.12 10600.00 | 13972.00 | 13986.00 310734 0.147968571
9 28%.00 286.58 10600.00 | 14258.00 | 14240.00 3366.21 0.160295714
22 391.40 397.28 10600.00 | 14744.00 | 14760.00 3757.66 0.17893619
32 435.20 430.48 10600.00 | 16214.00 | 16190.00 5169.16 0.246150476
48 430.80 429.00 10600.00 | 16446.00 | 16462.00 5424.10 0.258290476
54 427.60 426.80 10600.00 | 16468.00 | 16440.00 5426.80 0.258419048
72 421.00 42480 10600.00 | 16448.00 | 16520.00 5461.10 0.260052381
78 429.00 427.60 10600.00 | 16596.00 | 16580.00 5559.70 0.264747619
102 424.80 428.20 10600.00 | 16554.00 | 16480.00 5490.50 0.261452381
120 427.20 430.80 10600.00 | 16432.00 | 16600.00 5487.00 0.261285714
148 42920 427.60 10600.00 | 16540.00 | 16580.00 5531.60 0.263409524
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2. Enhanced Solubilization of Hydrocarbons in Oil Sludge by Nonionic
Surfactant

2.1 Effect of the Enhanced-Solubilization of Hydrocarbons at the Various
Concentrations and the Weight of Solubilized Carbon to Weight of Surfactant
Ratio.

Table A-5 Enhanced-Solubilization of Hydrocarbons at the Various Concentrations
and the Weight of Solubilized Carbon to Weight of Surfactant Ratio

% Carbon from oil

concentration sludge W of C per

of surfactant % oil C from § O+S5 (mg/L) (gram) W of S ratio

0 1.0 0 34.56 34.56 0 -

0.05 1.0 529.5 728.6 199.1 0.0106 18.783
0.10 1.0 635.6 1105.0 4694 0.0218 21.532
0.20 1.0 1528.0 2054.0 526.0 0.0447 11.767
0.30 1.0 2631.0 3278.0 647.0 0.0613 10.555
0.40 1.0 3136.0 3945.0 809.0 0.0828 9.771
0.50 1.0 3507.0 4576.0 1069.0 0.1063 10.056
1.00 1.0 7137.0 8998.0 1861.0 0.2023 9.199
3.00 1.0 14370.0 17650.0 3280.0 0.6025 5.444
5.00 1.0 35240.0 40212.0 4972.0 1.0046 4,949
7.00 1.0 51060.0 56023.0 4963.0 1.4023 3.539

C = Carbon, S = Nonionic surfactant, O = Oil sludge, W = Weight (g or mg)



2.2 Determination of Contact Time Required for Solubilization of Oil Sludge by
Nonionic Surfactant System

Table A-6 Contact Time Required for Solubilization of Oil Sludge by Nonionic
Surfactant System

C from Total Organic Carbon
Day surfactant (S+0) (ppm) Average C from
(ppm) oil sludge (ppm)
(control) sample 1 sample 2
0 937.6 737.6 737.6 0.0
1 941.7 1341.0 1273.0 365.3
2 936.8 1398.6 1546.5 435.7
3 956.4 1412.0 1401.0 450.1
5 963.4 1414.0 1398.0 4426
10 960.0 1390.0 1429.0 4495
15 947.4 1397.0 1405.0 453.6
20 958.0 1421.0 1387.0 446.0
25 951.5 1383.0 1395.0 437.5
30 961.8 1400.0 1389.0 432.7
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2.3 Experiment Data of Effect of Contact Time on Solubilization of Extract Oil
from Oil Sludge by Nonionic Surfactant at mixing speed 60,120 and 200 rpm

TOC analyzer
Table A-7 Effect of contact time on solubilization of extract oil from oil sludge by

nonionic surfactant (Tween 80) at the agitation speed 60 rpm

Time (hr) C from oil sludge C from Total Organic Carbon
no S(ppm) | surfactant | (5+0) (ppm) A
oil sludge
. (control) (ppm) (pprn}g
sample 1 sample 2 (control) sample | sample 2

0 6.484 6.224 582 582.0 5824 0

1 6.728 6.508 582 6742 675.0 85.782

4 6.248 6.284 582 676.2 677.8 88.534

9 1.75 7.104 582 679.4 679.4 89.773
22 8.306 8.462 582 716.8 7172 126.416
26 8.47 8.49 582 733.6 7324 142320
30 8.904 8.846 582 734.2 733.8 142,925
as 11.306 10912 | 582 7372 736.4 143.491
48 10.83 10.304 5 671.4 670.4 78.133
52 11.092 10.428 582 610.8 613.2 19.040
69 11.306 11.296 582 596.0 599.0 3.999
74 10.45 10.414 582 598.0 597.4 5.068
76 10.906 10.832 582 596.0 599.6 4.731
93 11.128 11.092 582 600.2 602.2 7.910
104 10.45 10.42 582 602.6 607.4 12.365
120 11.128 11.046 582 608.4 604.2 13.013
141 11.242 11.114 582 605.0 606.0 12,122
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Table A-8 Effect of contact time on solubilization of extract oil from oil sludge by

nonionic surfactant (Tween 80) at the agitation speed 120 rpm

Time (hr) C from oil sludge C from Total Organic Carbon
no S (ppm) surfactant (5+0) (ppm) Average C from
(control) (ppm) oil sludge (ppm)
sample | sample 2 (control) sample | sample 2
0 10.484 10.224 562 0 - 0
1 10.728 10.508 562 575.0 5724 1.382
- 14.248 14.284 562 666.2 669.0 91.634
9 19.75 19.104 562 701.2 700.8 119.873
22 20.306 20.462 562 716.6 717.8 135116
26 20.47 22.484 562 722.0 722.8 139.223
30 20.904 20.846 562 735.0 7338 151.825
45 21.306 20912 562 838.8 841.0 257.091
48 20.83 20.304 562 792.6 802.4 215233
52 25.092 20.428 562 7134 694.8 119.640
69 21.306 21.296 562 694.0 696.4 112.199
74 20.45 20414 562 677.4 600.6 56.868
76 22.906 22832 562 624.8 626.8 41.231
93 21.128 21.092 562 617.0 615.6 33.490
104 20.45 20.42 562 610.0 613.6 29.665
120 21.128 23.046 562 612.6 611.6 28.013
141 20.43 20.392 562 608.4 609.0 26.289

Table A-9 Effect of contact time on solubilization of extract oil from oil sludge by

nonionic surfactant (Tween 80) at the agitation speed 200 rpm

Time (hr) C from oil sludge C from Total Organic Carbon
no S (ppm) surfactant (5+0) (ppm) Average C from
(control) (ppm) oil sludge (ppm)
sample | | sample 2 (control) sample 1 sample 2

0 10.484 10.224 603.0 759.0 7532 0

1 14.728 14.508 615.0 8412 757.6 169.782

3 14.248 14.284 600.8 879.2 842.0 245.534

8 19.75 19.104 603.0 880.4 877.4 256.473
20 20.306 20.462 600.0 895.2 882.4 268.416
24 20.47 22.484 613.8 980.8 8924 301.323
28 20.904 20.846 581.6 991.6 983.0 384.825
43 21.306 20912 595.0 1,057.4 994.8 409.991
48 20.83 20.304 609.6 1,060.8 1,056.8 428.633
52 25.092 20.428 5932 956.2 1,060.4 392340
56 21.306 21.296 598.8 904.6 956.6 310.499
67 20.45 20414 593.0 712.0 906.8 195.968
72 22.906 22.832 611.2 696.4 710.8 69.531
76 21.128 21.092 598.0 691.8 692.0 72.790
92 20.45 20.42 612.4 699.0 701.8 67.565
102 21.128 23.046 605.0 701.2 6972 72.113
120 20.43 20.392 607.2 700.4 699.6 72,389
141 23.106 22.904 5974 694.0 691.2 72.195
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2.4 Experiment Data of Effect of Contact Time on Solubilization of Extract Oil
from Oil Sludge by Nonionic Surfactant at mixing speed 60,120 and 200 rpm and

changing the stirrer.

TOC analvzer
Table A-10 Effect of contact time on solubilization of extract oil from oil sludge by
nonionic surfactant (Tween 80) at the agitaﬁon speed 6C rpm

Time (hr) C from oil sludge C from Total Organic Carbon
no S (ppm) surfactant (8+0) (ppm) Average C from
(control) (ppm) ’ oil sludge (ppm)
sample 1 sample 2 (control) sample 1 sample 2

0 6.484 6.224 582 582.0 5824 0

1 6.728 6.508 582 620.5 625.6 34232
4 6.248 6.284 582 648.5 650.1 60.834

9 1.75 7.104 582 6794 679.4 89.773
22 8.306 8.462 582 720.8 7172 128.416
26 8.47 8.49 582 733.6 7324 142.320
30 8.904 8.846 582 754.5 756.6 164.475
45 11.306 10.912 582 763.0 766.4 171.391
48 10.83 10.304 582 789.0 795.4 199.433
52 11.092 10.428 582 8022 804.7 210.490
69 11.306 11.296 582 815.7 8111 219.899
74 10.45 10414 582 835.0 8334 241.568
76 10.906 10.832 582 8425 844.6 250.481
93 11.128 11.092 582 867.5 869.8 275.340
104 1045 10.42 582 8794 881.7 287915
120 11.128 11.046 582 891.2 890.0 297313
141 11,242 11.114 582 901.0 902.2 308.222
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Table A-11 Effect of contact time on solubilization of extract oil from oil sludge by

nonionic surfactant (Tween 80) at the agitation speed 120 rpm

Time (hr) C from oil sludge C from Total Organic Carbon
no S (ppm) surfactant (S+0) (ppm) Average C from
(control) (ppm) oil sludge (ppm)
sample 1 sample 2 (control) sample 1 sample 2

0 10.484 10.224 562 0 - 0

I 10.728 10.508 562 575.0 5724 1.382

4 14.248 14.284 562 666.2 669.0 91.634

9 19.75 19.104 562 701.2 700.8 119.873
22 20.306 20.462 562 736.6 7374 154916

26 20.47 22.484 562 754.6 755.0 171.623
30 20.904 20.846 562 783.0 784.5 201.175
45 21.306 20912 562 889.0 887.5 305.441
48 20.83 20,304 562 899.0 898.5 316.483

52 25.092 20.428 562 905.2 907.5 321.890
69 21.306 21.296 562 916.5 921.4 335.949
74 20.45 20414 562 968.4 974.0 389.068
76 22.906 22.832 562 953.0 968.0 375.931

93 21.128 21.092 562 987.0 988.8 405.090
104 20.45 20.42 562 996.4 998.7 415415
120 21.128 23.046 562 1,012.0 1,008.4 426.113
141 20.43 20.392 562 1,008.0 1,010.4 426.789
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Table A-12 Effect of contact time on solubilization of extract oil from oil sludge by

nonionic surfactant (Tween 80) at the agitation speed 200 rpm

Time (hr) C from oil sludge C from Total Organic Carbon
no  S(ppm) surfactant (S+0) (ppm) Average C from
(control) (ppm) oil sludge (ppm)
sample 1 sample 2 (control) sample | | sample 2 i

0 10.434 10.224 603.0 613.5 613.2 0

1 14.728 14.508 615.0 759.0 757.6 128.682
3 14.248 14.284 600.8 8792 842.0 245.534
8 19.75 19.104 603.0 880.4 877.4 256.473
20 20.306 20.462 600.0 8952 882.4 268416
24 20.47 22.484 613.8 980.8 892.4 301.323
28 20.904 20.846 581.6 991.6 983.0 384825
43 21.306 20912 595.0 1,057.4 994.8 409.991
48 20.83 20.304 609.6 1,080.8 1,076.5 448.633
52 25.092 20.428 5932 1,090.0 1,086.0 472.040
56 21.306 21.296 598.8 1,080.0 1,082.0 460.899
67 2045 20414 593.0 1,084.6 1,082.4 470.068
72 22.906 22.832 6112 1,085.6 1,084.0 450.731
76 21.128 21.092 598.0 1,079.4 1,087.0 464.090
92 2045 20.42 6124 1,076.0 1,088.0 449.165
102 21.128 23.046 605.0 1,080.0 1,082.4 454.113
120 20.43 20.392 607.2 1,086.2 1,080.0 455.489
141 23.106 22.904 5974 1,077.2 1,077.0 456.695
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2.5 The Cost Comparison of Anionic, Nonionic and Mixed Surfactant to the
Solubilization of Oil Sludge.

Table below shows the comparisons of pure nonionic (Tween 80), anionic
(SDS) and mixed surfactant (Tween 80 and SDS) in the small scale solubilization
studied including the prices of each surfactant. When did the comparison of the
solubilized-carvon to weight of surfactant ratio, nonionic surfactant provided the
highest amount of this ratio. It might because the small amount of nonionic
surfactant could enhanced the solubilization of the hydrocarbon from extracted oil
from oil sludge much more than the others at the same proportions. From the
experiménts, the enhanced-solubilization efficiency of nonionic surfactant was 7
times higher than pure anionic surfactant and 5 times higher than the mixed
surfactant. The cost of nonionic and anionic surfactant were not different much and
that resulted in a price must be depended on the solubilized-carbon to weight of
surfactant ratio. If the ratio were high, the cost of surfactant would be low. In
contrast, the lower solubilized-carbon to weight of surfactant ratio, the higher cost of
surfactant. Using Tween 80 would increase the volume of the medium more than
other types of surfactant when compared with SDS and mixed surfactant at the same
amount of solubilized hydrocarbon in the aqueous phase. However, Tween 80 was
less toxic and less biodegradable than SDS. Using SDS led to the decreasing of pH
in the system because of the sulfate group in its. For this reason, Tween 80 was the

most suitable to use as a surfactant in this study.



Table A-13 The Comparison of: Pure Anionic Surfactant; Pure Nonionic Surfactant,

and Mixed Surfactant
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Type of surfactant Tween-80 SDS su?f;tﬁn ¢
0, 0
% Weight/Volume 0.1% wiv wewry | 1O @;;S(z %)
Prices 2.6 2.7 2.7+2.6
Baths/gram Baths/gram Baths/gram
Total volume 50 ml 50 ml 50 ml
Weight of surfactant S0mg. 1,000 mg. 1,050 mg.
Weight of solubilized 7
saihen 450 mg. 3,300 mg. 5,200 mg.
Solubilized-carbon 9.00 3.30 5.20
L We‘gh‘r:tfios“ffa"‘am (450/50) | (3,300/1,000) | (5,200/1,050)
Cosis of enhanced 1.50 Baths | 425Baths | 4.95 Baths
solubilization
(Fixed solubilized-
carbon= 5,200 mg.) ,
Volume increased 325 ml 43.75 ml 0 ml
Total volume 375 ml 98.75 ml 50 ml
T =Tween 80

S = Sodium dodecyi sulfate



Appendix B Experimental Data of Enhanced Biodegradation of Hydrocarbons

in Extracted oil from Oil Sludge by Nonionic Surfactant.

1. Total Petroleum Hydrocarbon Extraction (TPH)

Tabie B-1 Oil loading 1 kg/m’d fed into the Bioreactors 50 ml in each day

Qil loading 1 kg/m*d

Day0
Avg. TPH
Bcfur:ﬂadded Weight of beeger Weight of begger+oil TP&T’;“;T;: d extracted
- (grams/Liter)
Reactor | 106.9042 106.9043 1069042  106.9043 | 0.000 0.0000 0.0000
Avg. TPH
After added oil Weight of beeger Weight of begger+oil TP(:’T:;t:lc)ud extracted
(grams/Liter)
Reactor | 106.9090 106.91 106.9102 106.9102 | 0.0012 0.0002 0.0467
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.00000 0.00
Dayl
Avg. TPH
B“f‘":“‘dd‘d Weight of beeger Weight of begger+oil W&T’;‘;"g‘d extracted
(grams/Liter)
Reactor | 106.9061 106.9061 106.9061  106.9062 0 0.0001 0.0033
Avg. TPH
After added oil Weight of beeger Weight of beggertoil JPH extracted extracted
(/15 ml) ;
(grams/Liter)
Reactor | 106.9078 106.9076 106.9088  106.9082 | 0.001  0.0006 0.0533
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.04333 43.33
Day2
Avg. TPH
Before idded Weight of beeger Weight of begger+oil | TFH extracted extracted
oil (g/15 ml) :
(grams/Liter)
Reactor | 106.907 106.907 106.907 106.9071 0 0.0001 0.0033
Avg. TPH
After added oil Weight of beeger Weight of begger+oil TPH extracted extracted
(g/15 ml) :
(grams/Liter)
Reactor 1 106.9080 106.908 1069087  106.9087 | 0.0007 0.0007 0.0467
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.05000 50.00




Day3
Avg. TPH
Bcfo’:ifddcd Weight of beeger Weight of begger+oil TP(I;?;U“:Ic)ted extracted
(grams/Liter)
Reactor 1 106.9065 106.9065 106.9065  106.9066 0 0.0001 0.0033
Avg. TPH
After added oil Weight of beeger Weight of begger+oil W&T’;‘::f)ud extracted
(grams/Liter)
Reactor 1 106.9060 106.906 106.9067  106.9068 | 0.0007 0.0008 0.0500
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.04333 43.33
Day4
Avg. TPH
Beforoe_;ld ed Weight of beeger Weight of begger+oil TP&:?":?;’: d extracted
! (grams/Liter)
Reactor 1 106.907 106.9072 106.907  106.9073 0 0.0001 0.0033
Avg. TPH
After added oil Weight of beeger Weight of beggerroil | 111 extractcd extracted
(g/15 ml) :
(grams/Liter)
Reactor 1 106.9069 106.9069 106.9076  106.9077 | 0.0007 0.0008 0.0500
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.04667 46.67
Day5s
Avg. TPH
Bcfm:i::dd:d Weight of beeger Weight of beggertoil TP(!;"el:;trn:iI:;e 9 extracted
(grams/Liter)
Reactor | 106.9068 106.9068 106.9068  106.9068 0 0.0000 0.0000
Avg. TPH
After added oil Weight of beeger Weight of begger+oil w(};?;"[:f;ed extracted
(grams/Liter)
Reactor | 106.9025 106.9025 106.9033  106.9033 | 0.0008 0.0008 0.0533
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.05000 50.00
Day6
o Avg. TPH
Befm:. Iadded Weight of beeger Weight of begger+oil H (}g{ﬁ;";f;cd extracted
i (grams/Liter)
Reactor | 106.9075 106.9075 1069075  106.9076 0 0.0001 0.0033
Avg. TPH
After added oil Weight of beeger Weight of begger+oil TP(:,T;“T:T;“‘ extracted
(grams/Liter)
Reactor 1 106.9020 106.902 106.9028  106.9028 | 0.0008 0.0008 0.0533
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.05000 50.00
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Day7
Avg. TPH
Bcfor:i]a dded Weight of beeger Weight of beggertoil TP&T’;":::B“" extracted
(grams/Liter)
Reactor 1 10€.907 106.907 106.907  106.9072 0 0.0002 0.0067
. Avg. TPH
After added oil Weight of beeger Weight of begger+oil TP(';,T’;“;‘;)““ extracted
(grams/Liter)
Reactor 1 106.9029 106.9029 106.9037  106.9037 | 0.0008 0.0008 0.0533
Remaining oil TPH before - TPH after (grams/Liter) mg/L ’
Reactor 1 0.04667 46.67
Day8
Avg. TPH
Bcfor:i]a aded Weighit of beeger Weight of begger+oil TP(};’?;D::;“ extracted
(grams/Liter)
Reactor 1 106.9062 106.9062 106.9062  106.9063 0 0.0001 0.0033
Avg. TPH
After added oil Weight of beeger Weight of begger+oil TP&?;";EN extracted
(grams/Liter)
Reactor | 106.9024 106.9024 106.9031  106.9032 | 0.0007 0.0008 0.0500
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.05000 50.00
Day9
Avg. TPH
Befor:uad ded Weight of beeger Weight of beggertoil TP&T:;t::f)wd extracted
(grams/Liter)
Reactor 1 106.9065 106.9065 106.9066  106.9065 | 0.0001 0.0000 0.0033
Avg. TPH
After added oil Weight of beeger Weight of begger+oil TPH extracted extracted
(/15 ml) :
(grams/Liter)
Reactor 1 106.9020 106.902 106.9028  106.9028 | 0.0008 0.0008 0.0533
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.04667 46.67
Dayl0
| Ave. TPH
Bcfm:ifddc" Weight of beeger Weight of begger+toil TP(;';’;L‘:T; 4 extracted
(grams/Liter)
Reactor | 106.906 106.906 106.906 106.9061 0 0.0001 0.0033
Avg. TPH
After added oil Weight of beeger Weight of begger+oil TP{;,T’;‘::?;“ extracted
(grams/Liter)
Reactor | 106.9029 106.9029 1069036  106.9036 | 0.0007 0.0007 0.0467
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1

0.05000

50.00
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Table B-2 Oil loading 2 kg/m’d (R1) and Oil loading 4 kg/m’d (R) fed into the

Bioreactors 50 ml in each day

Day0 R1=0il loading 2 kg/m’d
R2=0il loading 4 kg/m’d
Before added . : . TPH extracted (g/15 | Avg. TPH extracted
oil Weight of beeger Weight of begger+oil ml) ( Liter)
Reactor 1 106.9002 106.9006 | 106.9003 106.9007 0.0001 0.0001 0.0067
Reactor,2 1064118 1064116 | 1064134  106.4120 0.0016 0.0004 0.0667
. g ’ p TPH extracted (/15 | Avg. TPH extracted
After added oil Weight of beeger Weight of begger+oil mi) ( Liter)
Reactor 1 106.9030  106.9046 | 106.9036  106.9068 0.0006 0.0022 0.0933
Reactor 2 106.4089 106.4075 | 106.4117 1064117 0.0028 0.0042 0.2333
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.08667 86.67
Reactor 2 0.16667 166.67
Dayl
Before added : G . TPH extracted (g/15 | Avg. TPH extracted
oil Weight of beeger Weight of begger+oil ml) ( Liter)
Reactor | 106.9065 106.9065 | 106.9067  106.9067 0.0002 0.0002 0.0133
Reactor 2 106.4087 106.4087 | 106.4093 106.4093 0.0006 0.0006 0.0400
; A ; s TPH extracted (g/15 | Avg. TPH extracted
After added oil Weight of beeger Weight of §egger+onl ml) Gerams/Lites)
Reactor | 106.9025 106.9025 | 106.9042 106.9042 0.0017 0.0017 0.1133
Reactor 2 106.4065 106.4065 | 1064100  106.4100 0.0035 0.0035 0.2333
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.07333 7333
Reactor 2 0.19333 193.33
Day2
Before added " . F TPH extracted (g/15 | Avg. TPH extracted
oil Weight of beeger Weight of begger+oil ml) (grams/Liter)
Reactor 1 106.9065 106.9065 | 106.9066 106.9066 0.0001 0.0001 0.0067
Reactor 2 106.4085 106.4085 | 106.4093 106.4093 0.0008 0.0008 0.0533
. ; . ; TPH extracted (g/15 | Avg. TPH extracted
After added oil Weight of beeger Weight of begger+oil ml) ( s/Liter)
Reactor | 106.9016 106.9016 | 106.9031 106.9031 0.0015 0.0015 0.1000
Reactor 2 106.4059 106.4059 | 106.4097 106.4097 0.0038 0.0038 0.2533
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.10667 106.67
Reactor 2 0.18000 180.00




Day3

Before added : : . TPH extracted (g/15 | Avg. TPH extracted
oil Weight of begger Weight of begger+oil ml) ( s/Liter)
Reactor 1 106.905 106.905 | 106.9051 106.9051 0.0001 0.0001 0.0067
Reactor 2 106.4081 106.4081 106.409 106.4090 0.0009 0.0009 0.0600
z ; . : TPH extracted (g/15 | Avg. TPH extracted
After added oil Weight of beeger Weight of begger+oil = ml) @/ vg( gmms}fitcr;
Reactor | 106.9035  106.9035 | 106.9049  106.9049 0.0014 0.0014 0.0933
Reactor 2 106.4045 106.4045 | 106.4084 106.4084 0.0039 0.0039 0.2600
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.09333 93.33
Reactor 2 0.19333 193.23
Day4
Before added " / ; TPH extracted (g/15 | Avg. TPH extracted
oil Weight of begger Weight of begger+oil ml) ( s/Liter)
Reactor 1 106.9043 106.9043 | 106.9044  106.9044 1E-04 0.0001 0.0067
Reactor 2 106.4067 106.4067 | 1064077 106.4077 0.001 0.0010 0.0667
‘ : ; .| TPH extracted (/15 | Avg. TPH cxtracted
After added oil Weight of beeger Weight of begger+oil ml) (grams/Liter)
Reactor 1 106.9028 106.9028 | 106.9044  106.9044 0.0016 0.0016 0.1067
Reactor 2 106.4049 106.4049 | 106.4087 106.4087 0.0038 0.0038 0.2549
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.08667 86.67
Reactor 2 0.19333 193.33
Day5s
Before added y 2 L TPH extracted (g/15 | Avg. TPH extracted
oil Weight of begger Weight of begger+oil ml) (grams/Liter)
Reactor | 1069042  106.9042 | 1069043  106.9043 1E-04 0.0001 0.0067
Reactor 2 106.406 106.406 106.4071 106.4071 0.0011 0.0011 0.0733
: : ; : TPH extracted (g/15 | Avg. TPH extracted
After added oil Weight of beeger Weight of beggertoil ml) (grams/Liter)
Reactor 1 106.9028 106.9028 | 106.9044  106.9044 0.0016 0.0016 0.1067
Reactor 2 106.4043 106.4043 | 106.4080 106.4080 0.0037 0.0037 0.2467
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.10000 100.00
Reactor 2 0.18157 181.57




Day6
Beforgﬂnddcd Weight of begger Weight of begger+oil TPH cxtrnilc)ted (g/15 A\rg(. TPH c:;zt:;;tcd
Reactor | 106.903 106.903 106.9031 106.9031 1E-04 0.0001 0.0067
Reactor 2 106.4077 106.4077 | 106.4086 106.4086 0.0009 0.0009 0.0600
After addedoil | Weight of beeger Weight of begger+oil | TPH "“;j':l")‘“' @15 ‘““%m"i‘;‘:;“d
Reactor 1 106.9029 106.9029 | 106.9046 106.9046 0.0017 0.0017 0.1133
Reactor 2 106.4044 106.4044 | 106.:081 106.4081 0.0037 0.0037 b.246?
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.10000 100.00
Reactor 2 0.18667 186.67
Day7
Befar:i]addcd Weight of begger Weight of begger+oil TPH cxtrﬂx:jc}ted (g/15 | Avg. TPH cx;tt:;ted
Reactor | 1069026 1069026 | 1069027 1069027 | 1E-04  0.0001 0.0067
Reactor 2 106.4061 106.4061 | 1064071  106.4071 0.001 0.0010 0.0667
After added oil Weight of beeger Weight of begger+oil JEH cxt:lc)ted /15 Av%‘ Tt rlcxi:.::;:tcd
Reactor | 106.9031 106.9031 106.9047 106.9047 0.0016 0.0016 0.1067
Reactor 2 106.4051 106.4051 | 106.4090  106.4090 0.0039 0.0039 0.2600
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.10667 106.67
Reactor 2 0.18000 180.00
Day8
Befnr;:i]added Weight of begger Weight of begger+oil TPH :xtrr:;:;ed (g/15 | Avg. TPH exi::;:tcd
Reactor | 106.9049 106.9049 | 106.9051 106.9051 2E-04 0.0002 0.0133
Reactor 2 106.4074 106.4074 | 106.4085 106.4085 0.0011 0.0011 0.0733
Aferaddedoil |  Weight of beeger Weight of begger+oil | 1TH “"u‘:f;"d @15 A"%-g::n H y;"i:'::;“"’
Reactor | 106.9029 106.9029 | 106.9046 106.9046 0.0017 0.0017 0.1133
Reactor 2 106.4042 106.4042 | 106.4087 106.4087 0.0045 0.0045 0.3000
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.09333 93.33
Reactor 2 0.18667 186.67
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Day9
Before added ; : : TPH extracted (g/15 | Avg. TPH extracted
or:il © Weight of begger Weight of begger+oil o ml) @ YM’?E’) ®
Reactor 1 106.906 106.966 | 106.9061 106.9061 1E-04 0.0001 0.0067
Reactor 2 106.4054  106.4054 | 1064067  106.4067 0.0013 0.0013 0.0867
; : : g TPH extracted (2/15 | Avg. TPH extracted
After added oil Weight of beeger Weight of begger+oil ml) @ \r% ;’; ter)
Reactor 1 106.9:30  106.9030 | 106.9046  106.9046 0.0016 0.0016 0.1067
Reactor 2 106.4041 106.4041 106.4085 106.4085 0.0044 0.0044 0.2933
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.10667 106.67
Reactor 2 0.21333 21333
Dayl0
Before added . { ; TPH extracted (2/15 | Avg. TPH extracted
oil Weight of begger Weight of begger+oil ml) ( s/Liter)
Reactor | 106.9054  106.9054 | 106.9055  106.9055 1E-04 0.0001 0.0067
Reactor 2 106.406 106.406 106.4072 106.4072 0.0012 0.0012 0.0800
: 2 4 : TPH extracted (g/15 . TPH extracte
After added oil | Weight of beeger Weight of begger+oil o 4@ A"% iy 4
Reactor | 106.9048  106.9048 | 1069064  106.9064 0.0016 0.0016 0.1067
Reactor 2 1064043 1064043 | 1064088  106.4088 0.0045 0.0045 0.3000
Remaining oil TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.10000 100.00
Reactor 2 0.21333 21353
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Table B-3 Oil loading 6 kg/m’d (R1) and Oil loading 8 kg/m’d (R2) fed into the

Bioreactors 50 ml in each day

Day0
Avg. TPH
,ﬁ-]crgr:ﬂ Weight of beeger Weight of begger+oil TP(];{T);II;;:;M extracted
= (grams/Liter)
Reactor | 106.903 106.903 106.903 106.9030 0 0.0000 . 0.0000
Reactor 2 106.4075  106.4075 106,408  106.4080 | 0.0005 0.0005 0.0333
tracted Avg. TPH
ndﬁ:;:}“ Weight of beeger Weight of begger+oil Tp(l;fﬁ ml) extracted
(grams/Liter)
Reactor 1069042  106.9042 | 106.9086 106.9086 | 0.0044  0.0044 0.2933
Reactor 2 106.4095 106.4095 | 106.4155 1064155 | 0.006  0.0060 0.4000
R‘“‘;'I“'“E TPH before - TPH after (grams/Liter) ma/L
Reactor 1 0.29333 293.33
Reactor 2 0.36667 366.67
Dayl
Avg. TPH
at!isc:le:zr:il Weight of beeger Weight of begger+oil TP{I;”?;trr:T)tcd extracted
—— (grams/Liter)
Reactor 1 106.9031 106.9031 1069045  106.9045 | 0.0014 0.0014 0.0933
Reactor 2 106.4044 106.4044 106.4068  106.4068 | 0.0024  0.0024 0.1600
Avg. TPH
adg:‘dci)il Weight of beeger Weight of begger+oil W(I;gu;ﬁtcd extracted
(grams/Liter)
Reactor | 106.9010 106.901 106.9059  106.9059 | 0.0049  0.0049 0.3267
Reactor 2 106.4047 106.4047 106.4110 1064110 | 0.0063  0.0063 0.4200
R‘”;.jl"i"g TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.20000 200.00
Reactor 2 0.24000 240.00
Day2
Avg. TPH
a?;:g';ﬂ Weight of beeger Weight of begger+oil TP&T’%B““ citated
(grams/Liter)
Reactor 1 106.9065 106.9065 106.908 106.9080 | 0.0015  0.0015 0.1000
Reactor 2 106.4085 106.4085 106.411 106.4110 | 0.0025  0.0025 0.1667
Avg. TPH
After . g p TPH extracted
. Weight of beeger Weight of begger+oil extracted
added oil (/15 ml) (grams/Liter)
Reactor | 106.9016 106.9016 1069075  106.9076 | 0.0059  0.0060 0.3967
Reactor 2 106.4034 106.4034 1064112 1064112 | 0.0078 0.0078 0.5200
R‘“‘(:il“*“g TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.22667 226.67
Reactor 2 0.25333 25333




Day3
Avg. TPH
Before ; . = TPH extracted
; Weight of begger Weight of beggertoil extracted
added oil (&/15 mi) (grams/Liter)
Reactor 1 106.9017 106.9017 106.9036  106.9036 | 0.0019  0.0019 0.1267
Reactor 2 1064053  106.4053 | 106.4085 106.4085 | 0.0032 0.0032 0.2133
Avg. TPH
After : : ! TPH extracted
added oil Weight of beeger Weight of begger+oil | (@15 ml) ; cxtractci:ic .
Reactor 1 106.9C36  106.9036 | 106.9098 1069098 | 0.0062 0.0062 0.4133
Reactor 2 1064075 1064075 | 106.4151 106.4151 | 0.0076 0.0076 0.5067
R""‘;il"i"s TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.27000 270.00
Reactor 2 0.30667 306.67
Day4
¢ Avg. TPH
a?:efgr:il Weight of begger Weight of begger+oil TP(I;.I 5 m])"c d extracted
(grams/Liter)
Reactor 1 106.9043 1069043 | 1069064 1069064 | 2E-03  0.0021 0.1400
Reactor 2 106.4067  106.4067 | 106.4098 1064098 | 0.0031  0.0031 0.2067
Avg. TPH
i Weight of beeger | Weight of beggeroil TP(I;,”‘I o m“;‘" extracted
(grams/Liter)
Reactor 1 106.9028  106.9028 | 106.9096 106.9096 | 0.0068  0.0068 0.4533
Reactor 2 106.4049 106.4049 106.4133 1064123 | 0.0084 0.0074 0.5282
SEREAing TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.27333 27333
Reactor 2 0.30000 300.00
Day5s
Avg. TPH
a?; efgr:i] Weight of begger Weight of begger+oil TP(}éﬁun:f;ed extracted
(grams/Liter)
Reactor 1 106.9016 106.9016 106.9042 1069042 | 3E-03 0.0026 0.1733
Reaclor 2 106.406 106.406 106.4C25  106.4095 | 0.0035 0.0035 02333
Avg. TPH
N A‘i}f;i : Weight of beeger Weight of begger+oil T T’;u;f;ed extracted
_______ ® (grams/Liter)
Reactor | 106.9028 106.9028 1069093  106.9093 | 0.0065 0.0065 0.4333
Reactor 2 106.4043 106.4043 1064123  106.4123 0.008 0.0080 0.5333
o TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.28000 280.00
Reactor 2 0.29490 294.90
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Day6
Avg. TPH
B el Weight ofbegger | Weight of begger+oil | 17 (’;ﬁ’;“'ﬂ‘:f}“d extracted
(grams/Liter)
Reactor 1 106.9024  106.9024 | 106.9048 106.9048 | 2E-03  0.0024 0.1600
Reactor 2 106.4077  106.4077 106.411 1064110 | 0.0033  0.0033 0.2200
Avg. TPH
adﬁﬁ;:)il Weight of beeger Weight of begger+oil W{;T;"r:f;cd extracted
e (grams/Liter)
Reactor 1 106.9029  106.9029 | 106.9096 106.9096 | 0.0067 0.0067 0.4467
Reactor 2 106.4044  106.4044 | 1064120 106.4120 | 0.0076 0.0076 0.5067
R‘"‘;:“i“g TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.27333 27333
Reactor 2 0.31333 31333
Day7
Avg. TPH
adB:ergr:il Weight of begger Weight of begger+oil W(I;,T’;t::f}m d extracted
(grams/Liter)
Reactor 1 106.9015  106.9015 | 1069042 1069042 | 3E-03  0.0027 0.1800
Reactor 2 1064044  106.4044 | 1064076 1064076 | 0.0032  0.0032 0.2133
Avg. TPH
ad::::)il Weight of beeger Weight of begger+oil TP&?’;‘:T;M extracted
_ (grams/Liter)
Reactor | 106.9031 106.9031 1069102 1069102 | 0.0071 0.0071 0.4733
Reactor 2 1064032  106.4032 | 1064110 1064120 | 0.00776 0.0088 0.5520
Remos}i;'ling TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.26667 266.67
Reactor 2 0.29333 293.33
Day8
Avg. TPH
a?;ﬂf‘;”:ﬂ Weight of begger Weight of begger+oil TP(};'I”;‘L]“’[’)‘“ extracted
(grams/Liter)
Reactor 1 106.9049 106.9049 106.9078  106.9078 | 3E-03 0.0029 0.1933
Reactor 2 106.406 106.406 1064098 1064098 | 0.0038  0.0038 0.2533
Avg. TPH
After ; ; ; TPH extracted
: Weight of beeger Weight of begger+oil extracted
added oil (g/15ml) (grams/Liter)
Reactor 1 106.9029 106.9029 1069102 1069102 | 0.0073  0.0073 0.4867
Reactor 2 106.4042 106.4042 1064115 1064115 | 0.0073 0.0073 0.4867
R‘“‘;}"i“g TPH before - TPH afies (grams/Liter) me/L
Reactor | 0.28000 280.00
Reactor 2 0.29867 298.67
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Day9
Avg. TPH
&?:fgrc“ Weight of begger Weight of begger+oil 'I'P(I;;lngtrmnf;c d extracted
e (grams/Liter)
Reactor 1 106.906 106.906 106.9092  106.9092 | 3E-03 0.0032 0.2133
Reactor 2 106.4054 106.4054 106.4084  106.4084 0.003 0.0030 0.2000
Avg. TPH
w‘:ﬁ;Lil Weight of beeger Weight of begger+oil Tpéﬁm?d extracted
¢ 2 (grams/Liter)
Reactor 1 106.9030  106.9030 106.91 106.91 0.007  0.0070 0.4667
Reactor 2 106.4021 106.4021 106.4097 106.4097 | 0.0076  0.0076 0.5067
R‘“‘;il“i“g TPH before - TPH after (grams/Liter) mg/L
Reactor 1 027333 27333
Reactor 2 0.28667 286.67
Day10
Avg. TPH
a?;:gr:“ Weight of begger Weight of begger+oil TP{ZT:;ur:;;)ted extracted
(grams/Liter)
Reactor 1 106.9054  106.9054 | 106.9082 1069082 | 3E-03  0.0028 0.1867
Reactor 2 106.406 106.406 1064092 106409z | 0.0032 0.0032 02133
Avg. TPH
o B Weight ofbeeger | Weight of begger+oil TP(‘;T’;‘::B““ extracted
(grams/Liter)
Reactor 1 106.9048  106.9048 | 1069064 1069064 | 0.0016 0.0016 0.1067
Reactor 2 106.4043 106.4043 106.4088 1064088 | 0.0045  0.0045 0.3000
RHLLORg TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.28000 280.00
Reactor 2 0.29333 293.33
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Table B-4 Oil loading 10 kg/m’d fed into the Bioreactors 50 ml in each day

Day0
Avg. TPH
Before ¢ ¢ > TPH extracted
: Weight of beeger Weight of begger+oil extracted
added oil (g/15 ml) (grams{]_,iler)
Reactor | 106.907 106.907 106.907 106.9070 0 0.0000 0.0000
Avg. TPH
After A . " TPH extracted
! Weight of beeger Weight of begger+oil extracted
added oil (/15 mi) (grams/Liter)
Reactor 1 106.9029  106.9029 106.9096 1069096 | 0.0067 0.0067 0.4467
R‘“‘;j"‘“g TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.00000 0.00
Dayl
Avg. TPH
e Weight of beeger Weight of begger+oil “(';’,'I”;"n‘:f)‘“' extracted
(grams/Liter)
Reactor | 106.9071 106.9071 106.9097 106.9097 | 0.0026 0.0026 0.1733
) Avg. TPH
adﬁ::;;il Weiglit of beeger Weight of begger+oil TP&:’;"::T;“’ extracted
(grams/Liter)
Reactor 1 106.9020 106.902 106.9106 1069106 | 0.0086 0.0086 0.5733
Reoaiing TPH before - TPH after (grams/Liter) mg/L
Reactor 1 027333 273.33
Day2
Avg. TPH
ac?d:efg r:i] Weight of beeger Weight of begger+oil TP:;,T’;";?; e extracted
(grams/Liter)
Reactor 1 106.907 106.907 10691113 1069111 | 0.00413 0.0041 0.2753
Avg. TPH
adggdcruil Weight of beeger Weight of begger+oil TP(IZ‘I:;I::;:;cd extracted
(grams/Liter)
Reactor 1 106.9020 106.902 106.9108 106.9108 0.0088  0.0088 0.5867
Remaining TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.29800 298.00
Day3
Avg. TPH
Before : . . TPH extracted
; Weight of beeger Weight of begger+oil extracted
added oil (/15 ml) T
Reactor 1 106.9065 106.9065 106.9105 106.9105 0.004 0.0040 0.2667
Avg. TPH
5 d:f;L“ Weight of beeger Weight of begger+oil TP{I;T:;H;::){N extracted
(grams/Liter)
Reactor | 106.9019 106.9019 1069114 1069114 0.0095  0.0095 0.6333
R“’“‘;i]“i"g TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.32000 320.00
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Day4
Avg. TPH
a?decf:r:“ Weight of beeger Weight of begger+oil TP&:’;“:;{‘ d extracted
(grams/Liter)
Reactor | 106.907 106.9072 106.912 106.9120 0.005 0.0048 0.3267
t Avg. TPH
dﬁ:ﬂ:'l Weight of beeger Weight of begger+oil W&:’; ml) d extracted
# ! (grams/Liter)
Reactor 1 106.9029  106.9029 106912 106.912 0.0091  0.0091 0.6067
Remaining
oil mg/L
Reactor 1 0.30667 306.67
Days .
Avg. TPH
Before ; s . TPH extracted
: Weight of beeger Weight of begger+oil extracted
added oil (g/15 ml) (grams/Liter)
Reactor 1 106.9068 106.9068 106.9112 106.9112 0.0044  0.0044 0.2933
Avg. TPH
adde dl ”0“ Weight of beeger Weight of begger+oil TP(};%unilc;ed extracted
7 (grams/Liter)
Reactor 1 106.9025  106.9025 106.9114 106.9114 | 0.0089  0.0089 0.5933
Remaiing TPH before - TPH after (grams/Liter) mg/L
Reactor 1 031333 31333
Dayé6
Avg. TPH
a?:c?r:u Weight of beeger Weight of begger+oil TP&T?::?;N extracted
(grams/Liter)
Reactor 1 106.9075 106.9075 1069115 106.9115 0.004 0.0040 0.2667
Avg. TPH
2 Weight of beeger Weight of begger+oil Tp(f;f';";f;“' extracted
(grams/Liter)
Reactor 1 106.9020 106.902 1069114 1069114 0.0094  0.0094 0.6267
R‘“‘;']“'“g TPH before - TPH after (grams/Liter) mg/L
Reactor | 032667 326.67
Day7
Avg. TPH
a?:crg rct:il Weight of beeger Weight of begger+oil TP(I;.,TJ;L:IC)IN extracted
(grams/Liter)
Reacior | 106.907 106.907 1069117 106.9117 0.0047  0.0047 0.3133
Avg. TPH
ad’::‘;'ml Weight of beeger Weight of begger+oil Tp(g,j’g‘::f;‘d esarscied
(grams/Liter)
Reactor | 106.9029 106.9029 106.9121 1069121 0.0092  0.0092 0.6133
AR TPH before - TPH afier (grams/Liter) mg/L
Reactor | 0.31333 31333




Day8

Avg. TPH
Before : : 3 TPH extracted
- Weight of beeger Weight of begger+oil extracted
added oil (&/15 mi) (grams/Liter)
Reactor 1 106.9062  106.9062 106.9105 1069105 | 0.0043  0.0043 0.2867
1 Avg. TPH
ad‘::t;:a'l Weight of beeger Weight of begger+oil TP(};?; ml) d extracted
! (grams/Liter)
,Reactor 1 106.9024 106.9024 1069114° 1069114 0.009 0.0090 0.6000
R‘“‘;i;‘i“s TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.32667 326.67
Day9
Avg. TPH
‘l?deefgre'[ Weight of beeger Weight of begger+oil W(I;jﬁ"':f;m extracted
& ol (grams/Liter)
Reactor 1 106.9065  106.9065 106.911 106.9110 | 0.0045  0.0045 0.3000
Avg. TPH
After . / \ TPH extracted
added il Weight of beeger Weight of begger+oii (/15 ml) cxtracl?:: 3
Reactor 1 106.9020 106.902 106.9115 106.9115 | 0.0095 0.6095 0.6333
Reaning TPH before - TPH after (grams/Liter) mg/L
Reactor 1 0.30000 300.00
Day10
Avg. TPH
Helore Weight of beeger Weight of begger+oil w&j’;"ﬂ:f)“d extracted
(grams/Liter)
Reactor 1 106.906 106.906 106.9109 1069109 | 0.0049  0.0049 0.3267
Avg. TPH
: d‘::‘;:)“ Weight of beeger Weight of begger+oil TP(';,‘;”;“’R‘:‘I:)‘“' extracted
_(grams/Liter)
Reactor | 106.9029  106.9029 106.9096 106.9096 | 0.0067 0.0067 0.4467
Rcmuaiilning TPH before - TPH after (grams/Liter) mg/L
Reactor | 0.30667 306 67




Table B-5 The Percent TPH Removal of Oil loading 1 kg/m>d

Day % TPH removal in
1g/Ld
0.00
86.66
100.00
86.66
9334
100.00
100.00
93.34
p 100.00
93.34
100.00

O 0 oy B W N = O
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Table B-6 The Percent TPH Removal of Oil loading 2 and 4 kg/m’d

Day % TPH removal in 2 % TPH removal in4
g/Ld g/L.d
0 0 0
1 84.615 76.000
2 94.118 77.143
3 93333 76.316
4 92.857 74.359
5 93.750 71.231
6 93.750 75.676
7 93.750 72.973
8 87.500 71.795
9 94.118 71111
10 93.750 72.7127




Table B-7 The Percent TPH Removal of Oil loading 6 and 8 kg/m’d

Day % TPH removal in 6 % TPH removal in 8
g/Ld g/L.d

0 0 0

1 63.182 60.000

2 69.388 60.317

3 68.067 58.974

4 . 66.129 59.211 '
5 61.765 55.828

6 63.077 58.750

7 59.701 57.895

8 59.155 54.106

9 56.164 58.904

10 60.000 57.895

Table B-6 The Percent TPH Removal of Qil loading 10 kg/m’d

Day % TPH removal in 10

g/Ld
0 0.00
1 61.19
2 51.98
9 54.55
4 48.42
5 51.65
6 55.06
7 50.00
8 53.26
9 50.00
10 48.42




2. Dry Weight Cells method

Table B-7 Growth of Indigenous Bacteria without the Addition of Surfactant

Day Dry weight cells (mg/L)
0.00
0.00
1.50
1.20
1.00
1.00
1.30
125
1.70
1.34
1.00

b= B - R T - S P R S R =]
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Table B-8 Growth of the Indigenous Bacteria at oil 1 kg/m’d

t

Dry weight cells (mgl)
0.00
23.30
24.70
26.00
25.20
26.80
25.50
24.90
25.40
24.90
25.30

=i - T - YRR S R 1
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Table B-9 Growth of the Indigenous Bacteria at oil 2 kg/m>d

Day Dry weight cells (mg/L.)
0.00
30.30
32.80
30.40
33.10
34.40
33.50
34.80
33.20
32.40
34.40

= R Y P

—
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Table B-10 Growth of the Indigenous Bacteria at oil 4 kg/m’d

Day Dry weight cells (mg/.)
0 0.00
1 29.80
2 38.80
3 43.40
4 40.20
5 42.80
6 44.70
7 43.80
8 44.80
9 42.80
10 43.80
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Table B-11 Growth of the Indigenous Bacteria at 6 kg/m’d

Day Dry weight cells (mg/L.)
0 0.00
1 42.00
2 45.00
3 45.40
4 49.20
. 5 46.80
6 49.40
7 44.60
8 47.80
9 47.20
10 45.80

Table B-12 Growth of the Indigenous Bacteria at 8 kg/m’d

Day Dry weight cells (mg/L)
0.00
52.50
50.80
50.50
52.80
51.00
52.70
50.50
51.20
51.00
52.40

L= - L R N PR N I =

—
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Table B-13 Growth of the Indigenous Bacteria at 10 kg/m’d

Day Dry weight cells (mg/L)
0.00

52.00

52.60

54.50

53.00

54.40 .
52.40
53.00
54.00
52.80
53.80

=l - I - - S ]

—_—
=
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3. Specific TPH Removal

Table B-14 Specific TPH Removal in each Organic Loading

Control 0.00014
1kg/m'd | 0.018584
2kg/m'd | 0.037583
1kg/m'd | 0.071635
6kg/m'd | 0.100296
8kg/md | 0.110957
10kg/m’d | 0.119053

Table B-15 The Capability of Removing Extracted Oil from Oil Sludge at the

Various Organic Loading

Oil (g/day) % Oil removal | Amount of TPH removal

Control 732 21.95

1 95.33 47.67

2 92.15 96.02

4 73.93 184.84

6 63.16 260.55

8 58.19 287.36

10 52.45 308.47




4. COD Method

Table B-16 The Amount of Influent COD at various oil loading

Influent COD at various oil loading

Day 1g/lLd 2g/Ld 4g/lLd 6g/L.d 8g/Ld 10g/Ld Control

i 0 2815 3186 3759 4191 4661 5120 2218
I 2822 3159 3732 215 4652 5123 2232

2 2813 3208 3789 4226 4653 5130 2210

3 2835 3185 3705 4195 4648 5126 2221

4 2826 3212 3776 4228 4652 5120 2223

5 2823 3196 3720 4190 4650 5126 2215

6 2827 3223 3780 4200 4651 5119 2230

7 2818 3180 3769 4205 4658 5124 2121

8 2830 3175 3723 4197 4650 5123 2215

9 2831 3223 3706 4189 4653 5120 2210
10 2835 3206 3785 4215 4652 5125 2220

Table B-17 The Amount of Effluent COD at various oil loading
Effluent COD at various oil loading

Day 1gLd 2¢/1Ld 4g1d 6g/Ld 8g/Ld 10gLd | Control

0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
1.0 186.3 156.1 616.7 1006.1 1316.7 1863.6 1869.6
2.0 149.5 2286 620.0 1128.6 1350.0 1836.5 1858.1
3.0 156.5 256.0 637.1 967.5 13370 | 20189 18423
4.0 183.1 164.1 7023 1164.0 1462.0 1870.4 1875.6
5.0 135.5 290.9 760.3 1190.0 1482 4 1898.2 1852.5
6.0 145.1 1882 665.4 10882 13654 1845.0 1856.4
7.0 157.8 3556 690.5 11556 1587.3 1750.0 1875.6
8.0 162.2 2133 699.2 9552 1483.1 1863.0 1868.1
9.0 150.0 2462 5592 1046.2 15426 1959.0 1846.7
10.0 148.6 235.0 567.0 1034.5 1359.2 1869.4 1870.5
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Table B-18 COD Removal of oil 1 kg/m’d
Day The amount of COD % removal inR1
removal in Reactorl

0 0 0
1 2635.70 0.9330
2 2663.50 0.9428
3 2678.50 0.9481
4 2642.90 0.9375
5 2687.50 09513
6 2681.90 0.9493
7 2660.20 0.9417
8 2667.80 0.9444

¢ 9 2681.00 0.9490
10 2686.40 0.9509

Table B-19 COD Removal of 0il 2 and 4 kg/m’d

D2y | The amount of COD | The amountofcop | % removalinR1 [ % removal inR2
removal in Reactor! removal in Reador2

0 0 0 0 0

1 3043.90 333333 95.12 88.89

2 297143 3200.00 92.86 8533 °

3 2944.00 3312.93 92.00 88.34

4 3035.90 3011.03 94.87 80.29

5 2909.09 3089.66 90.91 8239

6 301176 3284.62 94.12 87.59

7 2844.44 3024.31 88.89 80.65

8 2986.67 316691 9333 84.45
‘ 9 295385 3017.86 9231 80.48
) 10 2953 .85 3290.77 92.31 87.75

R1 = 0il 2 kg/m’d.
R2 = Oil 4 kg/m’d.



Table B-20 The Amount of COD Removal of Oil 6 and 8 kg/m’d

Ry The amount of COD The amount of COD %removal inR1 | % removal in R2
removal in Reactorl removal in Reactor2

0 0 0 0 0

1 3319.15 3184.93 79.03 68.49
2 333333 3248.63 79.37 69.86
3 3276.00 ‘ 3079.87 78.00 66.23
4 3277.78 313523 78.04 67.42
5 3261.54 304038 77.66 65.38
6 3250.00 298433 77.38 64.18
7 3301.59 3176.41 78.61 68.31
8 3245.28 3131.63 7127 67.35
9 3320.75 3119.62 79.07 67.09
10 3272.73 2935.11 771.92 63.12

R1 = 0il 6 kg/m’d
R2 = Oil 8 kg/m’d

Table B-21 The Amount of COD Removal of Oil 10 kg/m’d

Day The amount of COD % removal inR1
removal in Reactorl

0 0 0

1 333721 65.12
2 3261.36 63.64
3 3288.54 64.17
4 3106.06 60.61
- 3254.56 63.50
6 3226.85 62.96
7 3280.00 64.00
8 3375.00 65.85
9 3261.36 63.64
1C 3165.44 61.76

R1 = 0il 10 kg/m’d
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5. TOC method

Table B-22 Influent TOC of various oil loading

Influent TOC of various oil loadng

Day 1g/Ld 2g/Ld 4g/l.d 6g/Ld 8g/Ld 10g/Ld Control
0.0 155.0 2974 497.1 6983 878.3 1061.2 419
1.0 154.5 296.7 498.0 698.0 876.5 1063.5 58.9
2.0 155.3 298.4 4973 697.1 877.3 1060.5 57.0
3.0 1554 297.0 496.7 698.2 878.0 1060.0 79.0
4.0 154.3 298.0 4982 698.0 876.3 1062.3 81.2
5.0 152.3 297.5 4975 697.0 876.5 1061.3 81.9
6.0 155.5 2973 498.0 696.4 878.0 1060.2 83.6
7.0 1544 298.0 498.1 698.0 876.5 1060.0 85.2
8.0 154.5 296.5 498.3 697.3 878.0 1061.4 833
9.0 155.3 2973 496.3 698.0 878.3 1060.5 753
10.0 153.4 298.0 498.4 697.4 878.0 1060.5 85.2
Table B-23 Effluent TOC of various oil loading
Efluent TOC of various oil loading

Day 1g/Ld 2g/Ld 4g/ld 6g/ld 8g/ld 10g/L.d Control
0.0 155.00 297.40 497.10 698.30 8783 1061.20 0.0
1.0 17.50 21.8 99.50 181.09 373.14 528.13 56.0
20 8.50 18.55 118.13 192.54 33241 504.27 54.1
3.0 17.70 33.95 11424 141.43 346.02 494.70 733
4.0 5.60 14.96 98.30 190.80 342.76 496.31 77.8
5.0 7.90 3225 105.03 158.74 319.67 516.53 773
6.0 16.80 18.46 73.10 186.34 358.22 459.38 78.9
7.0 12.70 26.82 9731 192.61 321.69 466.40 80.1
8.0 16.90 33.54 116.28 173.43 348.04 513.61 71.5
9.0 20.30 34.02 119.92 163.36 319.93 558.04 70.8
10.0 9.40 38.29 129.42 196.17 338.91 539.26 78.4
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Table B-24 The Amount of TOC Removal of Oil 1 kg/m’d

Day The amount of TOC The amount of TOC
removal in Reactorl removal in Reactor2
0 0.00 0
1 137.00 88.39
2 146.80 95.02
3 135.70 8738
*4 148.70 96.94
5 144.40 93.58
6 138.70 91.07
7 141,70 91.13
8 137.60 89.12
9 135.00 87.38
10 144.00 92.72

Table B-25 The Amount of TOC Removal of Oil 2 and 4 kg/m’d

Day The amount of TOC The amount of TOC % removal inR1 % removal in R2
removal in Reactorl removal in Reactor2
0 0.00 0.00 0.00 0.00
1 274.90 398.50 92.43 80.02
2 279.85 379.17 9432 76.25
3 263.25 382.46 88.22 77.00
q 283.04 399.90 95.30 80.27
5 265.25 39247 89.01 78.89
6 278.84 42490 93.73 8532
7 271.18 400.79 91.21 80.46
8 262.96 382.02 88.24 76.66
9 263.28 376.38 88.80 75.84
10 259.71 368.98 87.36 74.03

R1 = 0il 2 kg/m’d
R2 = Oil 4 kg/m’d
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Table B-26 The Amount of TOC Removal of Oil 6 and 8 kg/m’d

Day The amount of TOC The amount of TOC % removal inR1 % renioval inR2
removal in Reactor] removal in Readtor2
0 0.00 0.0 0.00 0.00
1 51691 503.4 74.06 57.43
7] 504.56 5449 72.38 62.11
g 3 556.77 532.0 79.74 60.59
4 507.20 5335 72.66 60.89
5 538.26 556.8 77.23 63.53
6 510.06 519.8 7324 59.20
7 505.39 554.8 7241 63.30
8 523.87 530.0 « 75.13 60.36
9 534.64 5584 76.60 63.57
10 501.23 539.1 71.87 61.40

R1 = 0il 6 kg/m’d
R2 = Oil 8 kg/m’d

Table B-27 The Amount of TOC Removal of Oil 10 kg/m’d

Day Tne amount of TOC % removal inR1
removal in Reactorl
0 0.00 0.00
1 53537 50.34
2 556.23 52.45
3 565.30 5333
4 565.99 53.28
5 544.77 5133
6 600.82 56.67
7 593.60 56.00
8 547.79 51.61
9 502.46 47.38
10 521.24 49.15

R1 = 0il 10 kg/m*d



6. F/M (Food per Mass) Ratio

Table B-28 F/M Ratio in each Condition of Oil Loading

Oil loading (kg/m’d) F/M ratio % cil removal

Control 0.0087 7.32

1 0.0225 95.33

2 0.0291 92.15

4 0.0321 73.93

6 0.0351 63.16

8 0.0367 58.19

10 0.0366 5245

F/ M= (COD;-CODgy1/2 x Flowrate

Amount of bacteria x Volume of aeration tank

Flowrate = 0.05 Liter/Day

Amount of bacteria = 1,000 mg/L
Volume of aeration tank = 1 Liter
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7. Surfactant Degradation

Table B-29 Surfactant 0.1 kg/m’d

0.1 g/L.d : TOC surf= 63 mg/L

Day Afler degrade Before degrade C from S % degrade C loss
0 41.50 4253 63 0 0
1 41.72 42.78 63 79.10 49.832
2 41.92 4297 63 81.38 51.267
3 42.15 43.19 63 78.20 49.265
4 42.36 43.39 63 79.77 50.253
5 42.55 43.57 63 81.68 51.456
6 42.78 43.79 63 77.23 48.652
7 42.99 4399 63 79.69 50.202
8 43.20 44.19 63 78.78 49.633
9 43.40 44.38 63 79.56 50.123
10 43.60 44.57 63 79.72 50.226
11 43.80 44.76 63 79.11 49.842
12 44.00 44.95 63 78.71 49.586
13 4423 45.17 63 79.77 50.255
14 44.46 4539 63 81.33 51.236
15 44.72 45.63 63 81.03 51.052
Table B-30 Surfactant 0.2 kg/m’d
Day After degrade Before degrade C from S % degrade C loss
0 36.49 41.15 133 0 0

1 39.20 43.92 133 41.85 55.654

2 41.93 46.49 133 42.00 55.854

3 44,52 48.94 133 41.87 55.691

4 47.17 5147 133 39.80 52.935

5 49.65 53.81 133 40.19 53.451

6 51.86 55.91 133 41.60 55.323

7 54.05 58.00 133 41.23 54.842

8 55.26 59.14 133 39.59 52.654

9 57.66 61.43 133 37.95 50.475

10 59.58 63.25 133 40.12 53.365

11 61.29 64.88 133 41.70 55.456

12 63.00 66.50 133 40.69 54.124

13 64.53 67.96 133 41.64 55.385

14 66.46 69.79 133 43.79 58.245

15 68.43 71.66 133 40.78 54.235
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Table B-31 Surfactant 0.4 kg/m’d

After Before
Day degrade degrade C from S % degrade C loss
0 45.60 55.97 253 0.00 0
1 53.53 63.51 253 23.45 59.322
2 61.20 70.79 253 23.14 58.533
3 68.72 7194 253 21.53 54.481
4 75.98 84.83 253 21.18 53.591
5 83.00 91.50 253 20.56 52.02!
6 89.78 97.95 253 20.16 51.013
7 96.25 104.09 253 20.71 52.389
8 102.56 110.09 253 19.45 49.201
9 106.48 115.70 253 21.36 54.045
10 113.84 120.80 253 20.13 50.933
11 119.39 126.07 253 20.17 51.025
12 124.66 131.07 253 21.17 53.564
13 129.77 135.94 253 20.18 51.055
14 134,65 140.57 253 20.87 52.813
15 139.26 144,95 253 22.05 55.795
Table B-32 Surfactant 0.6 kg/m’d
After Before
Day degrade degrade C from § % degrade C loss
0 35.64 52.61 375.00 0.00 0.00
1 50.24 66.48 375.00 14.79 55.46
2 64.02 79.57 375.00 15.16 56.85
3 77.46 92.34 375.00 13.52 50.69
4 89.99 104.24 375.00 15.72 58.94
5 102.13 115,78 375.00 14.79 55.45
6 113.61 126.68 375.00 15.82 59.32
7 124.62 137.14 375.00 15.69 58.84
8 135.28 147.27 375.00 14.84 55.65
9 145.37 156.85 375.00 15.86 59.48
10 154.93 165.93 375.00 16.63 62.37
11 164.16 174.70 375.00 16.12 60.46
12 173.03 183.13 375.00 15.77 59.12
13 181.50 191.18 375.00 16.10 60.39
14 189.67 198.94 375.00 15.53 58.25
15 197.42 206.30 375.00 16.33 61.24
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Table B-33 Surfactant 0.8 kg/m"’d

Day After degrade Before degrade C from S % degrade C loss
0.00 4236 64.89 463.00 0.00 0.00
1.00 62.13 83.67 463.00 12.26 60.46
2.00 80.75 101.36 463.00 13.56 66.85
3.00 98.62 118.33 463.00 13.32 65.69
4.00 115.65 134.52 463.00 13.58 66.94
5.00 . 132,17 150.21 463.00 ' 1246 61.45
6.00 147.82 165.08 463.00 13.25 65.32
7.00 162.80 17931 463.00 13.15 64.84
8.00 177.27 193.06 463.00 12.30 60.65
9.00 191.15 206.24 463.00 12.06 59.48
10.00 204.34 218.77 463.00 12.65 62.37
11.00 216.85 230.66 463.00 13.28 65.46
12.00 228.80 242,01 463.00 13.41 66.12
13.00 240.28 252.92 463.00 13.06 64.39
14.00 251.16 263.25 463.00 13.84 68.25
15.00 261.62 273.19 463.00 13.44 66.24
Table B-34 Surfactant 1.0 kg/m’d
Day After degrade Before degrade C from S % degrade C loss
0.00 44.56 72.83 610.00 0.00 0.00
1.00 69.58 96.60 610.00 11.51 70.23
2.00 93.44 119.27 610.00 11.70 71.34
3.00 116.17 140.86 610.00 11.97 73.05
4.00 197.99 218.59 610.00 11.65 71.05
5.00 216.22 23591 610.00 11.50 70.12
6.00 233.69 252.51 610.00 11.53 70.31
7.00 250.35 26833 610.00 11.46 69.92
8.00 266.23 283.42 610.00 11.66 71.10
9.00 281.52 297.94 610.00 11.04 67.35
10.00 296.04 311.74 610.00 11.57 70.57
11.00 309.88 324.88 610.00 11.86 72.35
12.06 523.12 33747 610.00 11.71 71.46
13.00 335.82 349.52 610.00 11.52 70.25
14.00 347.88 360.98 610.00 12.01 73.26
15.00 35943 371.96 610.00 11.86 72.33
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Appendix C Analytical Method.

1. Enhanced Solubilization
= (Solubilizationy;jssurf - Solubilizationg,f) - Solubilizationcntol
where Surf = Surfactant

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

3. TPH Degradation
= TPHcontrol — TPHg4
where TPH = Total Petroleum Hydrocarbon
d =Day 1 to Day7

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

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

=)

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

7. F/M Ratio
= (CODj,-CODguy2 x Flowrate

Amount of bacteria x Volume of aeration tank
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