REFERENCES

Abu-Ruwaida, A.S., Banat, .M., Haditirto, S., and Khamis, A. (1991) Nutritional
requirements and growth characteristics of a biosurfactant producing

Rhodococcus bacterium. World Journal Microbiology Biotechnology, 7, 53-61.

Banat, 1. M. (1993). The isolation of a thermophilic biosurfactant producing Bacillus sp.
Biotech. Lett., 15, 591-4.

Banat, .M. (1995). Biosurfactants production and possible uses in microbial-enhanced
oil recovery and oil pollution remediation. Bioresource Technology, 51, 1-12.

Bai, G., Brusseau, L.M., Raina, M., Hommel, S. (1997). Biosurfactant-enhanced
removal of residual hydrocarbon from soil. Journal of Contaminant Hydrology,
25, 157-170.

Benincasa, M., Contiero, J., Manresa, M.A., Moraes, 1.0. (2002). Rhamnolipid

production by Pseudomonas aeruginosa LBI growing on soapstock as the sole
carbon source. Journal of Food Engineering, 54, 283-288.
Bednarski, W., Adamczak, M., Tomasik, J., and Plaszczyk, M. (2004) Application of

oil refinery waste in the biosynthesis of glycolipids by yeast. Bioresource
Technology; 95, 15-18.

Bidlingmeyer, B.A., Henderson, J. (2004). Investigation of retention on bare silica using
reversed-phase mobile phases at elevated temperatures. Chromatography A,
156, 78-91.

Bognolo, G. (1999). Biosurfactants as emulsifying agents for hydrocarbons.

Colloids Surfaces. A: Physicochemical and Engineering Aspects, 152, 41-52.
Broderick, M., M. Mazaheri, Noohi, A.A., Sajadian V.A. (1994). Comparison of

methods to detect biosurfactant production. Chromatography A, 134, 34-45.

Chang, Jo-Shu, Chou, Cheng-Liang, Lin, Guang-Huay, Sheu, Shih-Yi, Chen,
Wen-Ming. (2005). Pseudoxanthomonas kaohsiungensis, sp. nov., a novel
bacterium isolated from oil-polluted site produces extracellular surface activity.
Systematic and Applied Microbiology, 28, 137-144.




49

Contiero, J., Mark, L.M., Moraes, 1.O. (2006). High-Performance Kiquid
Chromatography Method for the Characterization of Rhamnolipid Mixtures
produced by Pseudomonas aeruginosa UG2 on Corn Oil. Chromatography A,
864, 211-220.

Cooper, D.G., Karanth, N. G. K., Deo, P. G, Veenanadig, N. K., Yaminov, D. (1984).
Microbial production of biosurfactants and their importance, Biosurfactant

Microbial Science, 3, 145-149.

Cohen, Yehuda. (2002). Bioremediation of oil by marine microbial mats.

Int Microbiol, 5, 189-193.
Costa, Siddhartha G.V.A.O., Nitschke, Marcia, Haddad, Renato, Eberlin, N.M.,
MacElwee. J.A., Contiero, Jonas, Bednarski, J. (2006). Production of

Pseudomonas aeruginosa LBI rhamnolipids following growth on Brazilian native
oils. Process Biochemistry, 41, 483-488.
Desai, J.D. and Banat, .M. (1997). Microbial Production of Surfactants and Their

Commercial Potential. Microbiology and molecular biology, 61, 47-48.
Duvnjak, Z., Cooper, D.G., and Kosaric N. (1982) Production of surfactantby

Arthrobacter paraffineus ATCC 19558. Biotechnology Bioengineer, 24, 165-
175
Edmonds, S.A., Cooney, J.S. (1969). Microorganism Selection and Biosurfactant
Production in Continuously and Periodically Operates Bioslurry Reactor.
Journal of Hazardous Materials, 4, 253-264.
Eliora, Z. R. and Rosenberg, E. (2002) Biosurfactants and oil bioremediation.

Biotechnology, 13, 249-252.
Gross, R.A. (1990). Analytical Chem. Vol 62, 19, Oct 1, 1990.
Healy, M.G., Devine, C.M., Murphy, R. (1996). Microial production of biosurfactants.

Resources, conservation and recycling, 18, 41-57.




50

Hua, Zhaozhe, Chen, Jian, Lun, Shiyi, Wang, Xiaorong. (2003). Influence of
biosurfactants produced by Candida Antarctica on surface properties of
microorganism and biodegradation of n-alkanes. Water Research, 37, 4143-
4150.

llori, M.O., Amobi, C.J., Odocha, A.C., Peypoux, D. (2005). Factors affecting
biosurfactant production by oil degrading Aeromonas spp. isolated from a
tropical environment. Chemosphere, 61, 985-992.

Javaheri, M., Jermeman, Goldman, M.B., G. E., Mclnemey, M. J. & Knapp, R. M.
(1985). Anaerobic production of a biosurfactant by Bacillus licheniformis JF-
2. Appl. Environ.Microbiol., 50, 698-700.

Jarvis, F.G. and Johnson, M.J. (1989) A glycolipid produced by Pseudomonas
aeruginosa. American Chemistry Society, 71, 4124-4126.

Jelmeman, G. E., McInerney, M. J., Knapp, R. M., Clark, J. B., Ferro, J. M., Revus,

D. E. & Menzie, D. E. (1983). A halotolerant, biosurfactant-producing Bacillus

species potentially useful for enhanced oil recovery. Dev. Ind.Microbiol., 24,
485-92.
Jennings, E.M.,Taner, R.S., Mulligan, C.N. (2000). Biosurfactant-producing bacteria

found in contaminated and uncontaminated soils. University of Oklahoma,
Botany and Microbiology, Hazardous Waste Research, 299-306.

Kennedy, R. S., Finnerty, W. R., Sudarsanan, K., and Young, R. A. (1975) Microbial
assimilation of hydrocarbons-the fine structure of a hydrocarbon oxidizing

Acineobacter sp., Microbiology, 102, 75-83.

Kitamoto, D., Ikegami, T., Suzuki, G.T., Sasaki, A., Takeyama, Y., Idemoto, Y., Koura,
N., and Yanagishita, H. (2001) Microbial conversion of n-alkanes into
glycolipid biosurfactants, mannosylerythritol lipids, by Pseudozyma (Candida
antarctica). Biotechnology Letters, 23, 1709-1714.

Koch, A K., Reiser, J., Kappeli, O., and Fiechter, A. (1988) Genetic construction of
lactose-utilizing strains Pseudomonas aeruginosa and their application in

biosurfactant production. Biotechnology, 6, 1335-1339.



51

Kosaric, Naim. (2001). Biosurfactants and Their Application for Soil Bioremediation.
Biosurfactants for Soil Bioremediation, Food Technol. Biotechnol, 39, 295-
340.

Kuyukina, M.S., Ivshina, 1.B., Makarov, S.O., Litvinenko, L.V., Cunningham, C.J.,
Philp, J.C. (2001) Effect of biosurfactants on crude oil desorption and

mobilization in a soil system. Environment International ,31, 1551-61.

Lee, L.H. and Kim, J.H. (1993) Distribution of substrate carbon in sophorose lipid

production by Torulopsis bombicola. Biotechnology Letters, 15, 263-266.
Lee, Baek-Seok, Kim, Eun-Ki. (2004). Lipopeptide production from Bacillus sp. GB16

using a novel oxygenation method. Enzyme and Microbial Technology, 35,
639-647.

Lin, Sung-Chyr, Chen, Yi-Chuan, Lin, Yu-Ming. (1998). General approach for the
development of high-performance liquid chromatography methods for

biosurfactant analysis and purification. Journal of Chromatography A, 825,
149-159.
Maneerat, Suppasil. (2005). Production of biosurfactants using substrates from
renewable-resources. Songklanakarin J. Sci. Technol., 27, 675-683.
MacElwee, C.G., Lee, H., and Trevors, J.T. (1990) Production of extracellular

emulsifying agent by Pseudomonas aeruginosa UG-1. Journal Microbiology,
5,25-52.

Mata-Sandoval, Juan C., Kams, Jeffrey, Torrents, Alba. (1999). High-performance
liquid chromatography method for the characterization of rhamnolipid mixtures
produced by Pseudomonas aeruginosa UG2 on corn oil. Journal of
Chromatography A, 864, 211-220.

Matsuda, Hitoshi, liyama, Toshio, Inoue, Yoshi, Miura, O Akira, Higuchi, Yukari.
(2001). Micro-Organism Surfactant for treatment of oil pollution.




52

Morikawa, M., Ito, M., Imanaka, T. (1993). Isolation of a New Surfactin Producer
Bacillus pumilus A- 1, and Cloning and Nucleotide Sequence of the Regulator
Gene, psf-1. Fermentation and Bioengineering, 74(5), 255-261.

Morikawa, M., Hirata, Y., Imanaka, T. (2000). A study on the structure-function
relationship of lipopeptide biosurfactants. Biochemical and Biophysical, 1488,
211-218.

Mulligan, C.N. (1989). Environmental applications for biosurfactants. Environmental
Pollution, 133, 183-198.

Mulligan, C.N., Yong, R.N., and Gibbs, B.F. (2001). Heavy metal removal from

sediments by biosurfactants. Hazardous Materials, 85, 111-125.

Nitschke, Marcia, Ferraz, Cristina, Pastore, Glaucia M. (2004). Selection of
Microorganisms for Biosurfactant Production Using Agroindustry Wastes.
Brazilian Journal of Microbiology, 35, 81-85.

Nitschke, Marcia, Pastore, Glaucia M. (2006). Production and properties of a surfactant

obtained from Bacillus subtilis grown on cassava wastewater. Bioresource
Technology, 97, 336-341.

Pfiffner, S. M., Mclnemey, M. J., Jenneman, G. E. & Knapp, R. M. (1986). Isolation
of halotolerant, thermotolerant, facultative polymer-producing bacteria and
characterization of the exopolymer. Appl. Environ. Microbiol., 51, 1224-9.

Rahman, K.S.M., Rahman, T.J., Kourkoutas, Y., Petsas, I., Marchant, R., and Banat,

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

 Robert, M., Mercade, M.E., Bosch, M.P., Parra, J.L., Espuny, M.J., Manresa, M.A., and

Guinea, J. (1989) Effect of the carbon source on biosurfactant production by
Pseudomonas aeruginosa 44T. Biotechnology Letters, 11, 871-874.
Rocha, C., San-Bias, E, San-Bias, G. & Vierma, L. (1992). Biosurfactant production

by two isolates of Pseudomonas aeruginosa. World J. Microbiol. Biotech., 8,
125-8.




53

Ron, E.Z., and Rosenberg, E., (2002). Biosurfactants and oil bioremediation.
Biotechnology, 13, 249-252.

Rodrigues, Ligia, R., Teixeira, Jose A., van der Mei, Henny C., Oliveira, Rosario.
(2006). Physicochemical and functional characterization of a biosurfactant
produced by Lactococcus lactis 53. Colloids and Surfaces B: Biointerfaces, 49,
79-86.

Roongsawang, N., Thaniyavarn, J., and Thaniyavarn, S. (1999) Properties of
biosurfactant produced by Bacillus sp. Strain KP-2. Chulalongkorn University,
Thai Journal Biotechnology, 1, 54-60.

Tabatabaee, A., Assadi, M. Mazaheri, Noohi, A.A., Sajadian V.A. (2005). Isolation of
Biosurfactant Producing Bacteria from Oil Reservoirs. Iranian J Env Health Sci
Eng, 2, 6-12.

Singh, P., Singh, S., and Cameotra. (2004) Potential applications of microbial

surfactants in biomedical sciences.Biotechnology, 22, No.3.

Sutthivanitchakul, B., Thaniyavam, J., and Thaniyavarn, S. (1999) Biosurfactant
Production by Bacillus licheniformis F2.2. Chulalongkorn University, Thai
Journal Biotechnology, 1, 46-53.

Syldatk, C., Oliveira, Rosario, Torrents, Alba. (1985). Evaluation of biosurfactants for
Crude oil Contaminated Soil. Chemophere, 57, 1139-1150.

Stuwer, O., Hommel, R., Haferburg, D., and Kieber, H.P. (1987) Production of
crystalline surface-active glycolipids by a strain of Torulopsis apicola.
J. Biotechnology, 6, 259-269.

Urum, K., Pekdemir, T., Singh, R. (2004). Evaluation of Biosurfactants for crude oil
contaminated soil washing. Chemosphere, 57, 1139-1150.

Wei, Q.F., Mather, R.R., and Fotheringham, A.F. (2005) Oil removal from used

sorbents using a biosurfactant. Bioresource Technology, 96, 331-334.




54

Yakimov, M.M., Fredrickson, H.L., and Timmis, K.N. (1996) Effect of heterogeneity
of hydrophobic moieties on surface activity of lichenysin A, a lipopeptide
biosurfactant from Bacillus licheniformis BASS50. Biotechnology Applied
Biochemical, 23, 13-18.

Youssef, N.H., Duncan, K.E., Nagle, D.P., Savage, K.N., Knapp, R.M., Mclnemey,

J.M. (2004). Comparison of methods to detect biosurfactant production

by diverse microorganisms. Microbiological Methods, 56, 339.




APPENDICES

Appendix A Experimental Data of Biosurfactant-Producing Bacteria

Table A-1 Data for screening biosurfactant-producing bacteria from various sources

strain clear zone (cm) oil displacement (cm)
Cs1 0.6 0.9
Cs11 0.3 0.6
CS14 0.7 0.9
RY7 05 0.8
BC1 0.8 1.9
C4 2

Table A-2 Surface properties of bacteria from various sources

strain suﬁmﬁ;n)saon %reduction of surface tension
CS1 38.2 18.72
CS11 45.0 4,26
CS14 32.0 31.91
RY7 43.3 7.87
BC1 33.0 29.79
BC4 32.5 30.85

BC9

PT4

30.0

294

36.17

37.45

34.7

26.17
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Table A-3 Effect of palm oil on surface activity of biosurfactant from PT2

% pfslm Media surface tension % Reductioq of Qil displaceg?ent test
oil (mN/m) surface tension (cm
2 Nutrient broth 26.5 43.62 19.64
4 Nutrient broth 26.5 43.62 19.65
6 Nutrient broth 26.5 43.62 19.65
8 Nutrient broth 26.5 43.62 19.62
10 Nutrient broth 26.5 43.62 19.64

Table A-4 Effect of %inoculums on surface activity of biosurfactant from PT2

% % Reduction of Qil displacement test
Inoculums Media surface tension surface tension (cm?
2 Nutrient broth 26.5 43.62 19.64
4 Nutrient broth 26.5 43.62 19.65
6 Nutrient broth 26.6 43.40 19.64
8 Nutrient broth 26.7 43.19 19.65
Table A-5 Effect of %inoculums on surface activity of biosurfactant from PT2
— surface % Reduction of Oil displacement | Oil displacement
tension surface tension test (cm? test (cm)
CS14 32.0 31.91 2.55 0.9
BC4 32.5 30.85 12.57 2.0
BC9 30.0 36.17 16.63 23
PT4 29.4 37.45 13.86 2.1




Table A-6 Growth curve of PT2 with palm oil

57

26.5

2.4

Nic> -

2.5

1521

19.64

time (hr) SFT. (mN/m) oil dis. (cm) oil dis. (cm?) Cell weight (g/1)
0 47.0 0.0 0.00 0.0000
3 46.5 0.0 0.00 0.0000
6 44.3 0.0 0.00 0.3467
9 41.2 0.0 0.00 1.1267
12 39.3 0.3 0.28 1.6798
15 38.7 0.7 1.54 2.1356
18 37.6 0.8 2.01 2.5743
21 34.5 0.8 2.01 2.5764
24 32.4 0.9 2.55 2.8954
27 31.7 0.9 2.55 3.2679
30 27.5 1.0 3.14 3.4527
33 27.2 1.0 3.14 3.9854
36 27.0 1.4 6.16 4.2876
39 26.8 1.7 9.08 4.6754
42 26.7 1.6 8.05 4.9432
45 26.6 1.9 11.35 5.0340
48

02356

5.2157

57 26.4 2.3 16.63 5.0230
60 26.4 2.6 21.25 4.9532
63 26.4 2.7 22.91 4.2675
66 26.4 2.1 13.86 3.9652
69 26.4 1.9 11.35 4.1467
72 26.4 22 15.21 4.6872
75 26.4 2.3 16.63 3.4996
78 26.4 24 18.10 3.9853
81 26.3 21 13.86 4.0235
84 26.3 2.5 19.64 4.5823
87 26.2 2.4 18.10 4.3876
90 26.2 2.1 13.86 3.7623
93 26.2 2.7 22.91 3.8955
96 26.2 2.6 21.25 4.7230




Table A-7 Growth curve of PT2 with extracted oil

time (hr) SFT. (mN/m) oil dis. (cm) oil dis. (cm?) Cell weight (g/1)
0 47.0 0.0 0.00 0.0000
3 46.9 0.0 0.00 0.0000
6 43.6 0.0 0.00 0.3354
9 41.6 0.2 0.13 0.6798
12 379 0.4 0.50 1.1235
15 35.7 1.2 4.53 1.6345
18 32.3 1.5 7.07 2.2453
21 31.6 1.7 9.08 2.3413
24 289 2.1 13.86 2.9321
27 27.6 2.1 13.86 3.2456
30 27.2 22 15.21
39 2.5
42 26.4 2.6 21.25
45 26.4 2.4 18.10
48 264 1Y 9.08
51 26.4 1.8 10.18
54 26.4 19 11.35
57 26.4 2.0 12.57
60 26.4 21 13.86
63 26.3 21 13.86
66 26.3 2.2 15.21
69 26.3 24 18.10
72 26.3 2.3 16.63
75 26.3 2.7 22.91
78 26.2 2.5 19.64
81 26.2 25 19.64
84 26.2 26 21.25
87 26.2 24 18.10
90 26.2 25 19.64
93 26.2 2.6 21.25
96 26.2 2.2 15.21




Table A-8 Growth curve of SP4 with extracted oil

time (hr) SFT. (mN/m) oil dis. (cm) oil dis. (cm?) Cell weight (g/1)
0 47.0 0.0 0.00 0.0000
3 46.9 0.0 0.00 0.0000
6 43.6 0.0 0.00 0.2134
9 41.6 0.3 0.28 0.4278

12 379 0.5 0.79 0.8923
15 35.7 0.5 0.79 1.3678
18 32.3 0.8 2.01 1.4679
21 31.6 1.3 5.31 2.2456
24 28.9 1.5 7.07 2.5690
27 27.6 1.6 8.05 2.6370
30 27.2 \ 1.7 9.08 3.3467
33 26.8 18 10.18 3.7893
36 26.4 1.9 11.356 3.8642
39 26.4 2.2 15.21 3.9435
42 26.4 2.4 18.10 4.4235
48 27.0 25 19.64 4.8932
51 27.0 2.3 16.63 4.9853
54 27.0 24 18.10 4.3258
57 27.0 25 19.64 4.8763
60 27.0 21 13.86 4.3996
63 27.0 22 15.21 4.1987
66 27.1 2.3 16.63 4.2368
69 27.0 24 ~18.10 4.3886
72 27.0 241 13.86 3.8720
75 27.0 1.9 11.35 4.9852
78 27.2 1.8 10.18 4.3587
81 26.9 ikl 13.86 4.2479
84 27.0 26 21.25 3.9776
87 27.1 2.2 15.21 3.8723
90 26.9 2.1 13.86 3.7842
93 27.0 2.2 15.21 3.7513
96 27.3 23 16.63 3.9876




Table A-8 Microbial growth determination (600 nm)

time (hr.) absorbance

0

3 0.50
6 0.64
9 0.70
12 0.68
15 0.70
18 0.71
21 0.73
24 0.74
27 | 0.84

| AR e e |

33 1.86
36 1.73
39 1.49
42 1.38
46 1.35
48 1.23

Table A-9 Critical micelle concentration of biosurfactant from PT2

Broth
Concentration Surface tension
0 72.3
1 69.2
2 65.1
3 54.3
4 443
5 40.2
6 375
7 32.6
8 26.4
9 26.4
10 26.4
15 26.4
20 26.4

60
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Appendix B Experimental Data of Oil Recovery from Ottawa Sand

Table B-1 The percentage of carbon content concentration (mg/L) of motor oil

recovered from column using biosurfactants from PT2 in free-cell broth

Time (min) Total carbon (mg/L) TC-hexane (mg/L) pH
11 67.34 28.12 7.65
22 98.32 59.10 7.64
33 149.24 110.02 7.68
44 224.96 185.74 7.43
55 385.34 346.12 7.23
66 483.22 444.00 7.34
77 450.93 411.711 7.12
88 683.42 644.20 7.23
99 783.94 744.72 7.43
110 734.97 695.75 6.98
121 1094.56 1055.34 6.70
132 1298.34 1259.12 7.10
143 1432.78 1393.56 7.20
165 1423.05 1383.83 7.24
176 1367.93 1328.71 6.87
187 1287.45 1248.23 6.53
198 1265.68 1226.46 7.21
209 1198.56 1159.34 7.11
220 1196.78 1157.56 6.89
231 1167.34 1128.12 6.87
242 1287.23 1248.01 6.56
253 1203.54 1164.32 7.26
264 1098.65 1059.43 7.11
275 1022.34 983.12 6.34
286 1092.45 1053.23 6.54
297 940.56 901.34 7.65
308 845.23 806.01 7.78
319 765.23 726.01 6.54
330 659.83 620.61 6.33
360 450.25 411.03 6.87
390 302.56 263.34 6.34

420 276.34 23712 6.38
450 178.83 139.61 6.87
480 102.49 63.27 6.59
510 90.72 51.50 6.52
540 60.34 2112 6.43
570 40.23 1.01 6.97
600 39.44 0.22 6.23
630 39.30 0.08 6.43
660 39.33 0.11 6.33
27230.48
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Table B-2 The percentage of carbon content concentration (mg/L) of palm oil

recovered from column using biosurfactants from PT2 in free-cell broth

Time (min) T°‘3L$;’°“ TC-hexane (mglL) pH
11 46.78 7.56 7.83
22 79.45 40.23 7.63
33 112.54 73.32 7.68
44 178.54 139.32 7.33
55 250.56 211.34 7.22
66 330.45 300.23 712
77 340.54 301.32 7.34
88 534.67 495.45 6.53
99 643.23 604.01 7.21
110 650.98 611.76 711
121 689.43 650.21 6.70
132 722.45 683.23 7.10
143 643.89 604.67 720
154 689.23 650.01 7.29
165 712.34 67312 7.24
176 849.61 810.39 6.87
187 873.49 834.27 6.33
198 750.65 711.43 6.87
209 829.34 790.12 6.34
220 934.82 895.60 6.89
231 953.49 914.27 7.23
242 987.45 948.23 6.87

253

275

1000.34

91,12

000

"~ 084.34

6.59

6.43

286 944.23 905.01 6.97
297 832.97 793.75 6.23
308 765.32 726.10 7.78
319 694.67 655.45 6.54
330 583.56 544.34 6.89
360 439.45 400.23 6.78
390 284.21 244.99 7.23
420 142.97 103.75 6.38
450 94.56 55.34 7.11
480 90.34 51.12 7.23
510 60.23 21.01 6.45
540 55.32 16.10 7.43
570 50.46 11.24 6.98
600 48.54 9.32 1
630 44.35 5.13 6.43
660 41.23 2.01 6.33
690 40.22 1.00 6.34
720 39.96 0.74 6.54
750 39.45 0.23 7.65
770 39.41 0.19 6.84

19442.33
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Table B-3 The percentage of carbon content concentration (mg/L) of palm oil

recovered from column using biosurfactants from SP4 in free-cell broth

Time (min) Total carbon (mg/L) TC-hexane (mg/L) pH
1 47.64 8.42 7.83
22 55.95 16.73 7.63
33 90.78 51.56 7.68
44 180.26 141.04 7.33
55 243.98 204.76 7.22
66 320.56 281.34 7.12
77 409.23 370.01 7.34
88 450.67 411.45 6.53
99 410.00 370.78 7.21
110 650.98 611.76 7.1
121 660.45 621.23 6.70
132 745.03 705.81 7.10
143 630.45 591.23 7.20
154 711.28 672.06 7.29
165 703.59 664.37 7.24
176 820.54 781.32 6.87
187 840.56 801.34 6.33
198 770.23 731.01 6.87
209 750.00 710.78 6.34
220 820.00 780.78 6.89

231 910.58 871.36 7.23
242 950.83 911.61 6.87
253 1183.07 1143.85 _6.59
275 1023.56 984.34 6.43
286 944.23 905.01 6.97
297 832.97 793.75 6.23
308 765.32 726.10 7.78
319 694.67 655.45 6.54
330 583.56 544.34 6.89
360 439.45 400.23 6.78
390 284.21 244.99 7.23
420 142.97 103.75 6.38
450 94.56 55.34 7.11
480 90.34 51.12 7.23
510 60.23 21.01 6.45
540 55.32 16.10 7.43
570 50.46 11.24 6.98
600 48.54 9.32 7.11
630 44.35 5.13 6.43
660 41.23 2.01 6.33
690 40.22 1.00 6.34
720 39.96 0.74 6.54
750 39.45 0.23 7.65
770 39.41 0.19 6.84
19178.22
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Table B-4 The percentage of carbon content concentration (mg/L) of motor oil

recovered from column using Tween 80.

Time (min) Total carbon (mg/L) TC-hexane (mg/L) pH
11 43.23 4.01 7.65
22 54.87 15.65 7.64
33 82.39 43.17 7.68
44 123.54 84.32 7.43
55 156.98 117.76 7.23
66 213.95 174.73 7.34
77 295.38 256.16 7.12
88 347.85 308.63 7.23
99 432.67 393.45 7.43
110 564.85 525.63 6.98
121 673.73 634.51 6.70
132 739.50 700.28 7.10
143 685.93 646.71 7.20
154 745.69 706.47 7.29
165 984.38 945.16 7.24
176 990.34 951.12 6.87
187 883.46 844.24 6.53
198 904.68 865.46 7.21
209 1098.00 1058.78 7.11
220 1196.78 1157.56 6.89
231 1098.19 1058.97 6.87
242 893.45 854.23 6.56
253 908.93 869.71 7.26
264 803.24 764.02 7.11
275 823.57 784.35 6.34
286 870.28 831.06 6.54
297 995.17 955.95 7.65
308 1093.67 1054.45 7.78
319 1134.96 1095.74 6.54
330 1234.67 1195.45 6.33
390 904.58 865.36 6.34

420 634.73 595.51 6.38
450 467.23 428.01 6.87
480 237.45 198.23 6.59
510 94.67 55.45 6.52
540 69.54 30.32 6.43
570 4278 3.56 6.97
600 53.78 14.56 6.23
630 40.65 1.43 6.43
660 39.44 0.22 6.33

23308.01




Table B-5 The percentage of carbon content concentration (mg/L) of motor oil

recovered from column using SDBS.
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Time (min) Total carbon (mg/L) TC-hexane (mg/L) pH
11 42.67 3.45 6.79
22 45.39 6.17 711
33 78.93 39.71 6.75
44 110.92 71.70 6.89
55 128.46 89.24 7.43
66 168.93 129.71 6.98
77 222.53 183.31 6.70
88 313.48 274.26 6.97
99 411.23 372.01 7.34
110 561.75 522.53 6.9
121 674.23 635.01 6.54
132 699.34 660.12 7.65
143 646.38 607.16 7.78
154 690.54 651.32 6.54
165 834.52 795.30 6.33
176 950.68 911.46 6.56
187 814.64 775.42 6.78
198 935.68 896.46 7.34

209 911.49 872.27 7.12
220 850.96 811.74 7.23
231 934.06 894.84 7.43
242 1065.39 1026.17 6.98
253 956.36 917.14 6.70
264 856.38 817.16 7.65
275 934.06 894.84 7.64
286 855.39 816.17 7.68
297 823.95 784.73 7.43
308 952.89 913.67 7.57
319 1052.98 1013.76 7.23
330 840.32 801.10 6.87
360 980.73 941.51 6.34
390 905.78 866.56 7.10
450 811.04 771.82 7.29
480 539.50 500.28 7.24
510 249.50 210.28 6.87
540 124.95 85.73 7.11
570 56.98 17.76 6.89
600 45.96 6.74 6.87
630 40.59 1.37 6.56
660 39.65 0.43 7.26

22658.55




Table B-5 The percentage of carbon content concentration (mg/L) of motor oil

recovered from column using Alfoterra
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Time (min) Total carbon (mg/L) TC-hexane (mg/L) pH
11 45.67 6.45 7.10
22 55.34 16.12 7.20
33 81.97 42.75 7.29
44 112.45 73.23 7.24
55 157.65 118.43 6.87
66 249.46 210.24 6.33
T4 304.57 265.35 6.87
88 349.84 310.62 6.34
99 547.96 508.74 .3
110 686.45 647.23 6.33
121 659.37 620.15 6.87
132 756.34 717.12 6.34
143 687.98 648.76 6.89
154 889.56 850.34 7.23
165 987.87 948.65 7.11
176 997.35 958.13 7.04
187 885.39 846.17 7.65
198 910.34 871.12 7.64

209 1109.56 1070.34 7.68
220 1145.68 1106.46 7.43
231 1003.47 964.25 6.74
242 1098.34 1059.12 6.91
253 1002.35 963.13 712
264 989.46 950.24 6.87
275 958.36 919.14 6.56
286 1004.79 965.57 7.26
297 989.26 950.04 7.83
308 1045.34 1006.12 7.63
319 1196.37 1157.15 7.68
330 1267.45 1228.23 7.33
390 1098.34 1059.12 712
420 723.06 683.84 7.34
450 475.73 436.51 6.53
480 240.96 201.74 7.21
510 88.38 49.16 7.1
540 69.54 30.32 6.70
570 44.32 5.10 7.10
600 55.79 16.57 7.20
630 44.58 5.36 7.11
660 39.46 0.24 6.79

24747.58
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Table B-1 PZC point of Ottawa Sand

pH initial pH Final
1 1.42
2 2.93
3 3.20
4 5.10
5 5.61
6 5.80
7 6.36
8 6.45
9 7.80
10 7.77
11 8.09
12 8.95
13 9.24
14 10.53

Appendix C Calculation of oil recovery

- In case of biosurfactant PT2 with motor

Initial diesel motor oil used =45 ml
_ Recovery diesel motor oil by a water flooding technique =21 ml
Remaining diesel motor oil in the pores of Ottawa sand =45-21 =24 ml
Properties of diesel motor oil, Density = 0.7292 g/ml
Therefore, Mass of diesel motor oil = (0.7292 g/ml)(24 ml)
=17.5008 g
Total biosurfactant used (each collection tube is 6.6 ml) =396 ml

After analyzed by TOC, total carbon content (excluding hexane)
=27230.48 mg/L
Therefore, solution 1000 ml has carbon content =27230.48 mg
solution biosurfactant use =~ 396 ml has carbon content
=[(27230.48 mg)(396 ml) / (1000 ml)]
=10783.46 mg = 10.7834g
Therefore, the oil recovery [(10.7834 g) / (17.5008 g)] x 100 % = 63.56 %
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