REFERENCES

Adav, S.S., Chen, M.Y., Lee, D.J. and Ren, N.Q. 2007. Degradation of phenol by
aerobic granules and isolated yeast Candida tropicalis. Biotechnol. Bioeng.
67: 1566-1572.

Agency for Toxic Substances and Disease Registry (ATSDR). 1998. Toxicological
profile for phenol. Update. Atlanta, GA.

Ahmed A.M., G.F. Nakhla, and Faroog, S.J. 1995. Phenol degradation by
Pseudomonas aeruginosa, J. Environ. Sci. Health. 30: 99-107.

Aksu, Z. 2005. Application of biosorption for removal of organic pollutants: a review.
Process Biochem. 40: 997-1026.

Alexander, M. 1994. Biodegradation and bioremediation. San Diego, California:
Academic Press pp. 1-7.

Amore, J.E. and Hautala, E. 1983. Odor as an aid to chemical safety: odor thresholds
compared with threshold limit values and volatilities for 214 industrial
chemicals in air and water dilution. J. Appl. Toxicol. 3: 272-290.

Annadurai G., R. S. Juang, and D.J. Lee. 2002. Microbiological degradation of phenol
using mixed liquors of Pseudomonas putida and activated sludge. Waste.
Manage. 22: 703-710.

Azuma, M., Ikeuchi, T., Kiritani, R., Kato, J. and Ooshima, H. 2000. Increase in
xylitol production by Candida tropicalis upon addition of salt. Biomass.

Bioenerg. 19: 129-135.



68

Babel, W., Brinkmann, U. and Mueller, R. H. 1993. The auxiliary substrate concept.
An approach for overcoming limits of microbial performances. Acta
Biotechnol. 13: 211-242.

Bai, J., Wen, J.P., Li, H.M. and Jiang, Y. 2007. Kinetic modeling of growth and
biodegradation of phenol and m-cresol using Alcaligenes faecalis. Process
Biochem. 42: 510-517.

Bandhyopadhyay, K., Das, D. and Maiti, B.R. 1998. Kinetics of phenol degradation
using Pseudomonas putida MTCC 1194. Bioprocess Eng. 18(5): 373-377.

Bandyopadhyay, K., Das, D., Bhattacharyya, P. and Maiti, B.R. 2001. Reaction
engineering studies on biodegradation of phenol by Pseudomonas putida
MTCC 1194 immobilized on calcium alginate. J. Biochem. Eng. 8: 179-186.

Barker, E.L., Peter, E.B., Petrecia, H.F., and Grant, S.K. 1978. Phenol poisoning due
to contaminated drinking water. Arch. Environ. Health. 33: 89-94.

Bastos, A.E., Moon, D.H., Rossi, A., Trevors, J.T. and Tsai, S.M. 2000. Salt-
tolerant phenol-degrading microorganisms isolated from Amazonian soil
samples. Arch. Microbiol. 174: 346-352.

Bechard, G., Bisaillon, J.G., Beaudet, R. and Sylvestre, M. 1990. Degradation of
phenol by a bacterial consortium under methanogenic conditions. Can.
Microbiol. 36: 573-578.

Bisping, B., Baumann, U. and Rehm, H. J. 1990. Production of glycerol by
immobilized Pichia farinose. Appl. Microbiol. Biotechnol. 32: 380-386.

Boam, A. and Zhang, S. 2001. Recovering organics from aqueous streams. Chem.

Eng. 720: 40.



69

Bosma, T.N.P., Ballemans, E.M.W., Hoekstra, N.K., te Welschar, R.A.G., Smeenk,
M.M., Schran, G. and Zehnder, A.J.B. 1996. Biotransformation of organics in
soil columns and an infiltration area. Ground Water. 34: 49-56.

Botsford, J. L., and J. G. Harman. 1992. Cyclic AMP in procaryotes. Microbiol.
Rev. 56:100-122.

Brockt, D., D. W. Smith, and M. T. Madigan. 1984. Biology of Microorganisms
(41h Edition), Prentice-Hall, Inc., Englewood Cliffs, NJ.

Brown, V.M., Jordan, D.H.M and Tiller, B.A. 1967. The effect of temperature on
the acute toxicity of phenol to rainbow trout in hard water. Water Res. 1: 587-
597.

Bryndova, J. 2002. Aerobic phenol degradation by a yeast Candida tropicalis and
effect of nutrition on stress conditions. (Aerobni degradace fenolu kvasinkou
Candida tropicalis a projevy indukované nutrinim stresem). Ph.D Thesis.-K.
59553/1 State Tech. Lib.Praha, Czech. (with English summary) At:
http://www.vscht.cz/obsah/fakulty/fpbt/studium/absolventi/bryndova.pdf.
accessed on 15 september 2008.

Budavari, S. 1996. The Merck Index: An encyclopedia of chemicals, drugs and
biochemicals. Whitehouse station, Merck, N.J.

Capasso, R., Cristinzo, G., Evidente, A. and Scognamiglio, F. 1992. Isolation,
spectroscopy and selective phytotoxic effects of polyphenols from vegetable
waste waters. Phytochem. 31: 4125-4128.

Carmichael, R.D., Jones, A., Pickard, M.A. 1986. Semicontinuous and continuous
production of chloroperoxidase by caldariomyces fumago Immobilized in

k-carrageenan. Appl. Environ. Microbiol. Feb. p. 276-280.



70

Chablain, P. A., G. Philippe, A. Groboillot, N. Truffaut, and Guespin- Michel JF.
1997. Isolation of a soil psychrotrophic toluenedegrading Pseudomonas strain:
influence of temperature on the growth characteristics on different substrates.
Res. Microbiol. 148: 153-161.

Chang. S.Y., Li, C.T., Hiang, S.Y. and Chang, M.C. 1995. Intraspecific protoplast
fusion of Candida tropicalis for enhancing phenol degradation. Appl.
Microbiol. Biotechnol. 43: 534-538.

Chen, K.C., Lin, Y.H., Chen, W.H. and Liu, Y.C. 2002. Degradation of phenol by
PAA-imobilized Candida tropicalis. Enzym. Microb. Technol. 31: 490-497.

Chibata, I. and Toss, T. 1981. Use of immobilized cells. Ann. Reo. Biophys. Bioeng.
10: 197-216.

Cho, Y.G., Rhee, S.K. and Lee, S.T. 2000. Influence of phenol on biodegradation of
p-nitrophenol by freely suspended and immobilized Nocardioides sp. NSP41.
Biodegrade. 11: 21-28.

Chung, T.P., Tseng, H.Y., and Jung, R.S. 2003. Mass transfer effect and
intermediate detection for phenol degradation in immobilized Pseudomonas
putida systems. Process Biochem. 38: 1497-1507.

Collier, D. N., P. W. Hager, and Phibbs P.V. Jr 1996. Catabolite repression control
in the Pseudomonads. Res. Microbiol. 147: 551-561.

Collins, L.D. and Daugulis, A.J. 1997. Characterization and optimization of a two
phase partitioning bioreactor for the biodegradation of phenol. Appl.
Microbiol. Biotechnol. 48: 18-22.

Colwell, R.R. and Walker, J.D. 1977. Ecological aspects of microbial degradation

of petroleum in the marine environment. Int. Microbiol. Rev. 5: 423-445.



71

Cort, T. and A. Bielefeldt. 2000. Effects of surfactants and temperature on PCP
biodegradation. J. Environ. Eng. 126: 635-643.

Crawford, D.W., Bonnevie, N.C. and Wenning, R.J. 1995. Sources of pollution and
sediment contamination in Newark Bay, New Jersey. Exotoxicol. Environ.
Safety. 35: 85-100.

Dean-Ross, D. 1989. Bacterial abundance and activity in hazardous waste
contaminated soil. Bull. Environ. Cont. Toxicol. 43: 511-517.

Dean-Ross, D. and Rahimi, M. 1995. Toxicity of phenolic compounds to sediment
bacteria. Bull. Environ. Contam. Toxicol. 55: 245-250.

Delaney, J.L. and Hughes, T.W. 1979. Source assessment: Manufacture of acetone
and phenol from cumene. Prepared by Mosanto Research Corp., Dayton, OH.
EPA-600/2-79-019D. NTIS PB80-150592, 500.

Den Boeft, J., Kruiswijk, F.J., and Schulting, F.L. 1984. Air pollution by combustion
of solid fuels. The Hague, Ministry of Housing, Physical Planning and
Environment. (Publication Lucht N0.37).

Dias, J.C.T., Rezende, R.P., Linardi, V.R., 2001. Bioconversion of nitriles by
Candida guilliermondii CCT 7207 cells immobilized in barium alginate. Appl.
Microbiol. Biotechnol. 56: 757-761.

Duetz, W. A., Marques, S., de Jong, C., Ramos, J. L. and van Andel, J. G. 1994.
Inducibility of the TOL catabolic pathways in Pseudomonas putida(pWWO0)
growing on succinate in continuous culture: evidence of carbon catabolite
repression control. J. Bacteriol. 176: 2354-2361.

Efremenko, I. and Sheintuch, M. 2006. Predicting Solute Adsorption on Activated

Carbon: Phenol. Langmuir. 22: 3614-3621.



72

Ettayebi, K., Errachidi, F., Jamai, L., Tahri-Jouti, M.A., Sendide, K. and Ettayebi, M.
2003. Biodegradation of polyphenols with immobilized Candida tropicalis
under metabolic induction. FEMS Microbiol. Lett. 223: 215-2109.

Evans, W.C. 1947. Oxidation of phenol and benzoic acid by some soil bacteria. Biol.
Chem. 41: 373-382.

Fabregas, J., Patino, M., Morales, E.D., Cordero, B. and Otero, A. 1996. Optimal
renewal rate and nutrient concentration for the production of the marine
microalga Phaeodactylum tricornutum in semicontinuous cultures. Appl
Environ Microbiol. 62(1): 266-8.

Fedorak, P.M., Semple, K. M. and Westlake, D.W.S. 1984. Oil-degrading capabilities
of yeasts and fungi isolated from coastal marine environments. Can.
Microbiol. 30: 565-71.

Feist, C. F., and G. E. Hegeman. 1969. Phenol and benzoate metabolism by
Pseudomonas putida : Regulation of tangential pathways. J. Bact. 100: 869.

Fialova, A., Boschke, E. and Bley, T. 2004. Rapid monitoring of the biodegradation
of phenol like compounds by the yeast Candida maltosa using BOD
measurements. Int. Biodeterior. Biodegrade. 54: 69-76.

Figueroa, M.C. and Weber, M.E. 2005. Aqueous micellar solvent extraction of
phenol from wastewater. Sep. Sci. Technol.. 40: 1653-1672.

Freeman, A., Lilly, M.D., 1998. Effect of processing parameters on the feasibility and
operational stability of immobilized viable microbial cells. Enzym. Microb.

Technol. 23: 335-345.



73

Galindez-Mayer, J., Ramion-Gallegos, J., Ruiz-Ordaz, N., Juarez-Ramirez, C.,
Salmeron-Alcocer, A. and Poggi-Varaldo, H.M. 2008. Phenol and
4-chlorophenol biodegradation by yeast Candida tropicalis in a fluidized bed
reactor. J. Biochem. Eng. 38: 147-157.

Garcia, M. T. and Pena, M. 2001. Biodegradation of phenolic industrial waste water
in a fluidized bed bioreactor with immobilized cells of Pseudomonas putida.
Bioresour. Technol. 80: 137-142.

Gemeiner, P. 1992. Enzyme Engineering - Immobilized Biosystems, Ellis Horwood,
UK.

Giridhar, R. and Srivastava, A. K. 2001. Repeated fed-batch sorbose fermentation by
Gluconobacter oxydans. Chem. Biochem. Eng. 15(3): 127-129.

Girolami, V., Vianello, A., Stuparon, A., Ragazzi, E. and Veronese, I. 1981.
Ovipositional deterrents in Dacus oleae. Entomopathog. Exp. Appl. 29: 178-
185.

Godjevargov, T., Alexiev, Z. and lvanov, D. 1998. Biodegradation of phenol by
covalently bound Trichosporon cutaneum cells to porous polyamide
granules. Process Biochem. 8: 831- 835.

Godjevargova, T., Ivanova, D. Aleksieva, Z and Dimova, N. 2003. Biodegradation of
toxic organic components from industrial phenol production waste waters by
free and immobilized Trichosporon cutaneum R57. Process Biochem. 38: 915-
920.

Goerlitz, D.F., Troutman, D.E., Gody, .E.M. 1985. Migration of wood processing
chemical in contaminated ground water in a sand aquifer at Pensacola, Florida.

Environ. Sci. Technol. 19: 955-961.



74

Goldstein, R.M., Mallory, L.M. and Alexander, M. (1985). Reasons for possible
failure inoculation to enhance biodegradation. Appl. Environ. Microbiol.
50(4): 977-983.

Goncharuk, V.V.,  Kucheruk, D.D., Kochkodan, V.M. and Badekha, V.P. 2002.
Removal of organic substances from aqueous solutions by reagent enhanced
reverse osmosis. Desalination. 143: 45-51.

Gonzalez, D.M., Moreno, E., Sarmiento, J.Q. and Ramos-Cormenzana, A. 1990.
Studies on antibacterial activity of waste waters from olive oil mills
(Alpechin): Inhibitory activity of phenolic and fatty acids. Chemosphere. 20:
423-432.

Gonzélez, G., Herrera, M.G., Garcia, M.T. and Pefia, M. 2001. Biodegradation of
phenolic industrial wastewater in a fluidized-bed bioreactor with
immobilized cells of Pseudomonas putida. Biores. Technol. 80: 137-142.

Graedel, T.E. 1978. Chemical compounds in the atmosphere. New York, Academic
Press, pp. 256.

Greenberg, A.E., Cleceri, L.S. and Eaton A.D. (eds). 1992. Standard Methods for the
Examination of Water and Wastewater. Washing DC. Pp. 5-30-5-33.

Groenen, P.J. 1978. Components of tobacco smoke. Nature and quantity; potential
influence on health. Zeist, The Netherlands, CIVO-TNO Institute (Rep. No.
R/5787).

Guieyesse, B., P. Wilkstrom, M. Forsman, and B. Mattiasson. 2001. Biomonitoring
of continuous microbial community adaptation towards more efficient phenol
degradation in a fed-batch bioreactor. Appl. Microbiol. Biotechnol. 56: 780-

787.



75

Gurujeyalekshmi, G., Oreil, P. 1988. Isolation of phenol degrading Bacillus
stearothermophilus and partial characterization of the phenol hydroxylase.
Appl. Environ. Microbiol. 55(2): 500-502.

Harms, H. and Bosma, T.N.P. 1997. Mass transfer limitation of microbial growth and
pollutant degradation. Ind. Microbiol. Biotechnol. 18: 97-105.

Hawthorne, S.B. and Sievers, R.E. 1984. Emission of organic air pollutants from
shale oil wastewaters. Environ. Sci. Technol. 18: 483-490.

HazDat. 1998. Hazardous substance database. Agency for Toxic Substances and
Disease Registry, Atlanta, G.A.

Hickman, G.T. and Novak, JT. 1989. Relationship between subsurface
biodegradation rates and microbial density. Environ. Sci. Technol. 23(5): 524-
532.

Hoshino, M., and Akimoto, H. 1978. Photochemical oxidation of benzene, toluene
and ethylbenzene initiated by OH radicals in the gas phase. Bull. Chem. Soc.
Jpn. 51: 718.

Howard, P.H. 1989. Handbook of environmental fate and exposure data for organic
chemicals. Chelsea, Michigan, Lewis Publishers. 1: 468-476.

HSDB 1998. Hazardous Substances Data Bank. National Library of Medicine,
National Toxicology Information Program, Bethesda, M.D.

Hubble, B.R., Stetter, J.R., Gebert, E., Harkness, JB.L. and Flotard, R.D. 1981.
Experimental measurements from residential wood-burning stoves. Proc. Int.
Conf. Resid. Solid Fuels: Environ. Impacts Solut. John A A. Cooper and

Dorothy Malek.



76

Hutchinson, D.H. and Robinson, C.W. 1988. Kinetics of the simultaneous batch
degradation of p-cresol and phenol by Pseudomonas putida. Appl. Microbiol.
Biotechnol. 29: 599-604.

International Agency for Research on Cancer (IARC). (1989). Phenol: In: Some
organic solvents, resin monomers and related compounds, pigments and
occupational exposures in paint manufacture and painting. Lyon, Int. Agen.
Res. Cancer, pp 263-287 (IARC Monographs on the evaluation of
carcinogenic risks to humans, VVolume 47).

Jain, A. K., Suhas, A., Bhatnagar. 2002. Methylphenols removal from water by
low-cost adsorbents. J. Colloid Interface Sci. 251: 39-45.

Jay, K. and Steiglitz, L. 1995. Identification and quantification of volatile organic
components in emissions of waste incineration plants. Chemosphere. 30:
1249-1260.

Jia, X., Wen, J., Jiang, Y., Liu, X. and Feng, W. 2006. Modeling of batch phenol
biodegradation in internal loop airlift bioreactor with gas recirculation by
Candida tropicalis. Chem. Eng. Sci. 61: 3463-3475.

Jiang, H.L., Tay, J.H. and Tay, S.T.L. 2002. Aggregation of immobilized activated
sludge cells into aerobically grown microbial granules for the aerobic
biodegradation of phenol, Lett. Appl. Microbiol. 35: 439-445.

Jiang, H.L., Tay, J.H. and Tay, S.T.L. 2004. Changes in structure, activity and
metabolism of aerobic granules as a microbial response to high phenol

loading. Appl. Microbiol. Biotechnol. 63: 602-608.



77

Jiang, Y., J. P. Wen, H. M. Li, Yang SL, and Hu ZD. 2005. The biodegradation of
phenol at high initial concentration by the yeast Candida tropicalis. J.
Biochem Eng. 24: 243-247.

Jordan, W., van Barneveld, H., Gerlich, O., Kleine-Boymann, M. and Ullrich, J.
2002. Phenol, in: Ullmann’s Encyclopedia of Industrial Chemistry, Wiley-
VVCH Verlag.

Juaxrez-Ramixrez, C., Riuz-Ordaz, N., Cristiani-Urbina, E., and Galindez-Mayer, J.
2001. Degradation kinetics of phenol by immobilized cells of Candida
tropicalis in a fluidized bed reactor. World J. Microbiol. Biotechnol.
17: 697-705.

Kahru, A., Reiman, R. and Rétseep, A. 1998. The efficiency of differentdegrading
bacteria and activated sludges in detoxification of phenolic leachates.
Chemosphere. 37(2): 301-318.

Kanekar, P.P., Sarnaik, S.S. and Kelkar, A.S. 1999. Bioremediation of phenol by
alkaline bacteria isolated from alkaline lake of Lonar. India. Appl. Microbiol.
85: 128S-133S.

Kao, C.M., Liu, JK. Chen, Y.L, Chai, C.T. and Chen, S.C. 2005. Factors
affecting the biodegradation of PCP by Pseudomonas mendocina NSYSU. J.
Hazard. Mater. 124: 68-73.

Kar, S., Swaminathan, T. and Baradarajan, A. 1996. Studies on biodegradation of a
mixture of toxic and nontoxic pollutant using Arthrobacter species.
Bioprocess Eng. 15(4): 195-199.

Karigar, C., Mahesh, A., Nagenahalli, M. and Yun, D.J. 2006. Phenol degradation by

immobilized cells of Arthrobacter citreus. Biodegrade.17: 47-55.



78

Kavitha, V. and Palanivelu, K. 2004. The role of ferrous ion in Fenton and photo-
Fenton process for the degradation of phenol. Chemosphere. 55: 1235-1243.

Kawachi, H., Shimizu, K., Atomi, H., Sanuki, S., Ueda, M. and Tanaka, A. 1997.
Gene analysis of an NADP-linked isocitrate dehydogenase localized in
peroxisomes of the n-alkane-assimilating yeast Candida tropicalis. Eur.
Biochem. 250: 205-211.

Keith, L.H. - 1976. Identification of organic compounds in unbleached treated Kraft
paper mill wastewaters. Environ. Sci. Technol. 10: 555-564.

Kim, M.K., Singleton, I., Yin, C.R., Quan, Z.X., Lee, M. and Lee, S.T. 2005.
Influence of phenol on the biodegradation of pyridine by freely suspended and
immobilized Pseudomonas putida MK1. Lett Appl Microb. ISSN 0266-8254.

Kirchner U., Westphal, A.H., Miller, M., Van Berel, W.J.H. 2003. Phenol
hydroxylase from Bacillus thermoglucosidasius A7, a two-protein component
monooxygenase with a dual role for FAD. J. Biol Chem. 278: 47545-47553.

Klein, J., Hackel, U., and Wagner, F. 1979. Phenol degradation by Candida
tropicalis whole cells entrapped in polymeric ionic networks. ACS Symp. Ser.
106: 101-118.

Klibanov, A. M. 1982. Enzymatic removal of hazardous pollutants from industrial
aqueous effluents. Enzym. Eng. 6: 319-323.

Knoll, G. and Winter, J. 1987. Anaerobic degradation of phenol in sewage sludge:
benzoate formation from phenol and carbon dioxide in the presence of

hydrogen. Appl. Microbiol. Biotechnol. 25 (4): 384-391.



79

Knupp, G., Rucker, G., Ramos-Cormenzana, A., Garrido Hoyos, S., Neugebauer, M.
and Ossenkop, T. 1996. Problems of identifying phenolic compounds
during the microbial degradation of olive oil mill wastewater. Int. Biodeterior.
Biodegrade. 38: 277-282.

Komarkova, E. and Péaca, J. 2000. Kinetics of phenol oxidation by Candida tropicalis
yeast (in Czech). Chem. Listy. 94: 729.

Komarkova, E.; Paca, J.; Klapkova, E.; Stiborova, M.; Soccol, C. R. and Sobotka, M.
2003. Physiological changes of Candida tropicalis population degrading
phenol in fed batch reactor. Braz. Arch. Biol. Technol. 46: 537-542.

Kotresha, D., and G. M. Vidyasagar. 2008. Isolation and characterization of phenol-
degrading Pseudomonas aeruginosa MTCC 4996. Chem. Mater Sci.

24: 541-547.

Krug, M., Ziegler, H. and Straube, G. 1985. Degradation of phenolic compounds by
the yeast Candida tropicalis HP-15 : I. Physiology and growth and substrate
utilization. Basic Microbiol. 25(2): 103-110.

Krug, M. and Straube, G. 1986. Degradation of phenolic compounds by the yeast
Candida tropicalis HP-15: 1. Some properties of the first two enzymes of the
degradation pathway. Basic Microbiol. 26(5): 271-281.

Kujawski, W., Warszawski, A., Ratajczak, W., Porebski, T., Capala, W. and
Ostrowska, 1. 2004. Removal of phenol from wastewater by different
separation techniques. Desalination. 163: 287-296.

Kumar A., S. Kumar, S. Kumar 2004. Biodegradation kinetics of phenol and
catechol using Pseudomonas putida MTCC1194. J. Biochem. Eng.

22:151-159.



80

Kumaran, P. 1980. Microbial degradation of phenol in phenol-bearing industrial
wastes. Ph.D. Thesis, Nagpur, Univ., India.

Kumaran P., and Y. L. Paruchuri. 1997. Kinetics of phenol biotransformation. Water
Res. 31:11-22.

Kunz, A., Reginatto, V. and Durdn, N. 2001. Combined treatment of textile
effluent using the sequence Phanerochaete  chrysosporium-ozone.
Chemosphere. 44: 281-287.

Kuwata, K., Uebori, M. and Yamazaki, Y. 1980. Determination of phenol in polluted
air as p-nitrobenzene azophenol derivatives by reversed phase high
performance liquid chromatography. Anal. Chem. 52 (6): 857-860.

Landis, W.G. and Yu, Ming-Ho. 2003. Introduction to environmental toxicology-
Impacts of chemicals upon ecological systems. 3rd edition. New York, Lewis
Publishers, pp. 242.

Lappin, H.M., Greaves, M.P. and Slatter, J.H. 1985. Degradation of the herbicide
[2-(2-Methyl-4-Chlorophenoxy) Propionic Acid] by a synergistic microbial
community. Appl. Environ. Microbiol. 49: 429-433.

Leahy, J.G. and Colwell, R.R. 1990. Microbial degradation of hydrocarbons in the
environment. Microbiol. Rev. 54: 305-315.

Lee, C.M., Lu C.J. and Chuang, M.S. 1994. Effects of immabilized cells on the
biodegradation of chlorinated phenols. Water Sci. Technol. 30(9): 87-90.

Lee, Y.G., Hwang, S.H. and Kim, S.D. 2006. Predicting the toxicity of substituted
phenols to aquatic species and its changes in the stream and effluent waters.

Arch. Environ. Contam. Toxicol. 50: 213-219.



81

Lima, L.H.A., Felipe, M.G.A. and Torres, F.A.G. 2003. Reclassification of
Candida guilliermondii FTI 20037 as Candida tropicalis based on molecular
phylogenetic analysis. Braz. Microbiol. 34(1): 1-6.

Lin, S.H., Pan, C.L. and Leu, H.G. 1999. Liquid membrane extraction of 2-
chlorophenol from aqueous solution. J. Hazard. Mater. 65(3): 289-304.

Lob, K. C., and P. P. Tar. 2000. Effect of additional carbon sources on
biodegradation of phenol. Bulletin Environ. Contam. Toxicol. 64: 756-763.

Loh, K.C., Chung, T.S. and Ang, W.F. 2000. Immobilized-cell membrane bioreactor
for high-strength phenol wastewater. J. Environ. Eng. 126: 75-79.

Loh K. C., and Y.G. Yu. 2000. Kinetics of carbazole degradation by Pseudomonas
putida in presence of sodium salicylate. Water Res. 34: 4131-4138.

Lyngkilde, J. and Christiansen, T.H. 1992. Redox zones of a landfill leachate
pollution plume (Vejen, Denmark). Contam. Hydrolys. 10: 273-289.

Manahan, S.E. 1994. Environmental chemistry. Boca Raton. FL: CRC Press.

Manzano, M. A., J. A. Perales, D. Sales, and J. M. Quiroga. 1999. The effect of
temperature on the biodegradation of a nonylphenol polyethoxylate in river
water. Wate.r Res. 33: 2593-2600.

Margesin, R., Fonteyne, P. and Redl, B. 2005. Low-temperature biodegradation of
high amounts of phenol by Rhodococcus spp. and basidiomycetous yeast. Res.
Microbiol. 156: 68-75.

Maslin, P., and R. M. Maier. 2000. Rhamnolipid enhanced mineralization of
phenanthrene in organic metal co-contaminated soils. Bioremed. J. 4: 295-308.

Matthews, R.W. 1992. Photocatalytic oxidation of organic contaminants in water: an

aid to environmental preservation. Pure Appl. Chem. 64(9): 1285-1290.



82

Mattiasson, B. 1983. Immobilization methods, p. 3-26. In Mattiasson B. (ed.),
Immobilized cells and organelles, vol. 1. CRC Press, Inc., Boca Raton, Fla.

McFall, S. M., B. Abraham, C. G. Narsolis, and A. M. Chakrabarty 1997. A
tricarboxylic acid cycle intermediate regulating transcription of a
chloroaromatic biodegradative pathway: fumaratemediated repression of the
clcABD operon. J. Bacteriol. 179: 6729-6735.

Melcer, M. and Bridle, T.R. 1985. Discussion of metals removal and partitioning in
conventional wastewater treatment plants and fate of toxic organic compounds
in wastewater treatment plants. Water Pollut. Cont. Fed. 57: 263-264.

Melin, E. S., J.T. Kimmo, and J. A. Puhakka. 1998. Effects of temperature on
chlorophenol biodegradation kinetics in fluidized-bed reactors with different
biomass carriers. Water Res. 32: 81-90.

Minussi, R.C., Pastore, G.M. and Duran, N. 1998. Biotreatment of paper and pulp
effluent using fungal mediators: ABTS and HBT, in: Arce, J., and Velaquez,
C.I. (Eds.), Proc. of the XIIlI Latinamerican Chemical Congress Rio
Grande, Puerto Rico, QAM-M-8.

Mordocco, A., Kuek, C. and Jenkins, R. 1999. Continuous degradation of phenol at
low concentration using immobilized Pseudomonas putida. Enzym. Microbiol.
Technol. 25: 530-536.

Movahedian H., R. Shokoohi, A. Parvaresh, M. Hajia, and A.J. Jafari. 2005.
Evaluating the Effect of Glucose on phenol Removal Efficiency and Changing
the Dominant Microorganisms in a Serial Combined Biological System. J.

Biol Sci. 11: 1491-1494.



83

Muller, C., L. Petruschka, H. Cuypers, G. Burchhardt, and H. Herrmann 1996. Carbon
catabolite repression of phenol degradation in Pseudomonas putida is
mediated by the inhibition of the activator protein PhIR. J. Bacteriol.178:
2030-2036.

Murzakov, B., Akopova, G. and Kruglova, N. 2003. The technology of
bioremediation of oil polluted objects by biopreparation (Project
“Biodestructor”). Proc. 17th Forum for Applied Biotechnology. 18-19 Sept.
2003, Belgium, Gent.

Musto, J.D., Sane, J.N. and Warner, V.D. 1977. Quantitative determination of
phenol by high-performance liquid chromatography. Pharm. Sci. 66: 1201-
1202.

Nakamura, Y., and T. Sawada, 2000. Biodegradation of phenol in the presence of
heavy metals. J. Chem. Technol. Biotechnol. 75: 137-142.

Nair, C., Jayachandran, I. K. and Shashidhar, S. 2008. Biodegradation of phenol. Afr.
J. Biotechnol. 7(25): 4951-4958.

Neujahr, H.Y. and Varga, J.M. 1970. Degradation of phenols by intake cells and
cell-free preparations of Trichosporon cutaneum. Eur. Biochem. 13: 37-44.

Neujahr, H.Y., Lindsjo, S. and Varga, J.M. 1974. Oxidation of phenol by cells and
cells-free enzymes from Candida tropicalis. Antonie van. Leeuwenhoek.
40(2): 209-216

Oltmanns, R.H., Muller, R., Otto, M.K. and Lingens, F. 1989. Evidence for a new
pathway in the bacterial degradation of 4-fluorobenzoate. Appl.Environ.

Microbiol. 55: 2499-2504.



84

Palepu, D.T., Chauhan, S.P.and Amanth, K. P. 1995. Separation technologies. In:
H.M. Freeman, Editor, Industrial Pollution Prevention Handbook (1st ed.).
McGraw-Hill, New York.

Parales, R.E., Bruce, N.C., Schmid, A. and Wackett, L.P. 2002. Biodegradation,
biotransformation, and biocatalysis (B3). Appl. Environ. Microbiol. 68(10):
2699-4709.

Paraskevi N. P., and G. S. Euripides. 2005. Effect of temperature and additional
carbon sources on phenol degradation by an indigenous soil Pseudomonad. J.
Biodegrade. 16: 403-413.

Parkhurst, B.R., Bradshaw, A.S., and Forte, J.L. 1979. An evaluation of the acute
toxicity to aquatic biota of a coal conversion effluent and its major
components. Bull. Environ. Contam. Toxicol. 23: 349-356.

Patterson, J.W. 1985. Industrial wastewater treatment technology. Butterworths,
Boston.

Pekari, K., Vainotalo, S., Heikkila, P., Palotie, A., Luotamo, M. and Riihimaki, V.
1992. Biological monitoring of occupational exposure to low levels of
benzene. Scand. Work Environ. Health. 18: 317-322.

Peralta-Zamora, P., Gimenes, L.F., Cordi, L., Reyes, J., Alves, O.L. and Duran, N.
1998. Remediation of effluents from pulp and paper industry using
horseradish peroxidase immobilized on ceramic materials, in: Gaylarde, C.C.,
Barbosa, T.C.P., Gabilan, N.H. (Eds.), Proc. 3rd Lat. Am. Biodegradation and
Biodeterioration Symposium-LABS-3, Florianopolis, Brazil, CD-Rom Paper

6, p.1.



85

Percival, L.J. and Senior, E. 1998. An assessment of the effects of the dual codisposal
of phenol and waste activated sewage sludge with refuse on the refuse
anaerobic fermentation and leachate quality. ISSN 0378-4738-Water SA24.

1: 57-70.

Peters, M., Heinaru, E., Talpsep, H., Ward, H., Stottmeister, U., Heinaru, A. and
Nurk, A. 1997. Acquisition of a deliberately introduced phenol degradation
operon, pheAB, by different indigenous Pseudomonas species. Appl. Environ.
Microbiol. 63: 4899-4906.

Pfeffer, F.M. 1979. The 1977 screening survey for measurement of organic priority
pollutants in petroleum refinery wastewaters. ASTM Spec. Tech.Publ. 181-
190.

Pradhan N.C., Sarkar, C.S., Niyogi, S. and Adhikari, B. 2002. Separation of phenol-
water mixture by membrane pervaporation using polyimide membranes, J.
Appl. Polym. Sci. 83: 822-829.

Prieto, M.B., Hidalgo, A., Serra, J.L. and Llama M.J. 2002. Degradation of phenol
by Rhodococcus erythropolis UPV-1 immobilized on Biolite® in a packed-
bed reactor. Biotechnol. 97: 1-11.

Radmann, E.M., Reinehr, C.O. and Costa, J.A.V. 2007. Optimization of the repeated
batch cultivation of microalga Spirulina platensis in open raceway ponds.
Aqua. 265(1-4): 118-26.

Ralston, J. R., and G. R. Vela. 1974. A medium for detecting phenol-degrading

bacteria. J. Appl. Bact. 37: 347-351.



86

Rengaraj, S., Seung-hyeon, M., Sivabalan, R., Arabindoo, B., and Murugesan, V.
2002. Agricultural solid waste for the removal of organics: adsorption of
phenol from water and wastewater by palm seed coat activated carbon. Waste.
Manage. 22: 543-548.

Roane, T. M., K. L. Josephson, and I. L. Pepper. 2001. Microbial cadmium
detoxification allows remediation of co-contaminated soil. Appl. Environ.
Microbiol. 67: 3208-3215.

Robards, K. and Ryan, D. 1998. Phenolic compounds in olives. Analyst 123:31R-44R.

Rozich, A.F. and Colvin, R.J. 1986. Effect of glucose on phenol biodegradation by
heterogeneous populations. Biotechnol. Bioeng. 28: 965-971.

Ruiz-Ordaz, N., Juarez Ramirez, J.C., Castonon-Gonzalez, H., Lara-Rodriguez, A.R.,
Christiani-Urbina, E. and Galindez-Mayer, J. 2000. Aerobic bioprocesses and
bioreactors used for phenol degradation by free and immobilized cells. In:
Pandalai, S.G. (ed.) Recent Research Developments in Biotechnol. and
Bioeng., Res. Signpost. Triv. India. pp. 83-94.

Ryan, D.R., Leukes, W.D. and Burton, S.G., 2005. Fungal bioremediation of
phenolics wastewaters in an airlift reactor. Biotechnol. Prog. 21: 1066-1074.

Sandrin, T.R., Chech, A.M. and Maier, R.M. 2000. A rhamnolipid biosurfactant
reduces cadmium toxicity during biodegradation of naphthalene. Appl.
Environ. Microbiol. 66(10): 4585-4588.

Saier, M. H., Jr., S. Chauvaux, G. M. Cook, J. Deutscher, I. T. Paulsen, J. Reizer, and
J.-J. Ye. 1996. Catabolite repression and inducer control in gram-positive

bacteria. Microbiol. 142: 217-230.



87

Samanta, S. K., B. Bhushan, and R. K. Jain 2001. Efficiency of naphthalene and
salicylate degradation by a recombinant Pseudomonas putida mutant strain
defective in glucose metabolism. Appl. Microbiol. Biotechnol. 55: 627-631.

Santos, V. L., N. M. Heilbuth, V. R. Linardi. 2001. Degradation of phenol by
Trichosporum sp. LE3 cells immobilized in alginate. J. Basic Microbiol. 41
(3-4): 171-178.

Santos, V.L. and Linardi, V.R. 2004. Biodegradation of phenol by a filamentous
fungi isolated from industrial effluents-identification and degradation
potential. Process Biochem. 39: 1001-1006.

Santos, V.L., Souza Monteiro, A., Telles Braga, D. and Santoro, M.M. 2009.
Phenol degradation by Aureobasidium pullulans FE13 isolated from industrial
effluents. J. Hazard. Mater. 161: 1413-1420.

Saxena, S.C. and Jotshi, C.K. 1996. Management and combustion of hazardous
wastes. Prog. Energy Combust. Sci. 22: 401-425.

Schleissner, C., E. R. Olivera, M. Fernandez-Valverde, and J. M. Luengo. 1994,
Aerobic catabolism of phenylacetic acid in Pseudomonas putida U:
biochemical characterization of a specific phenylacetic acid transport system
and formal demonstration that phenylacetyl-coenzyme A is a catabolic
intermediate. J. Bact. 176: 7667-7676.

Scow, K., Goyer, M., and Payne, E. 1981. Exposure and risk assessment for phenol
(revised). Prepared for U.S. Environmental Potection Agency, Office of Water
Regulations and Standards, Washington, D.C., NTIS PB85-221695, 114-116.

Seetharam, G.B. and Saville, B.A. 2003. Degradation of phenol using tyrosinase

immobilized on siliceous supports. Water Res. 37: 436-440.



88

Shawabken, R., K. M. khleifat, I. Al-Majali, and K. tarawrawneh. 2007. Rate of
biodegradation of phenol by klebsiella oxytoca in minimal medium and
nutrient broth conditions. J. Biorem. 11(1): 13-19.

Sheeja, R.Y. and Murugesan, T. 2002. Mass transfer studies on the biodegradation of
phenols in up-flow packed bed reactors. Hazard. Mater. B89: 287-301.
Shimizu, T., Uno, T., Dan, Y., Nei, N. and Ichikawa, K. 1973. Continuous treatment
of wastewater containing phenol by Candida tropicalis. Ferm. Technol.

51: 804-812.

Shimp, R.J. and Young, R.L. 1987. Availability of organic chemicals for
biodegradation in settled bottom sediments. Exotoxicol. Environ. Safe.
15(1):31-45.

Shuler, M.L. and Kargi, F. 1992.Bioprocess Engineering, Prentice Hall, Englewood
Cliffs, NJ.

Soda, S., M. lke, and M. Fujita. 1998. Effects of inoculation of a genetically
engineered bacterium on performance and indigenous bacteria of a sequencing
batch activated sludge process treating phenol. J. Ferment. Bioeng. 86: 90-96.

Spain, J.C. and van Veld, P.A. 1983. Adaptation of natural microbial communities to
degradation of xenobiotic compounds: effects of concentration, exposure time,
inoculum, and chemical structure. Appl. Environ. Microbiol. 53: 1010-10109.

Spoelstra, S.F. 1978. Degradation of tyrosine in anaerobically stored piggery wastes
and in pig faeces. Appl. Environ. Micobiol. 36: 631-638.

Stanton, W.R. and DaSilva. 1978. GIAM V. Global impacts of applied microbiology.
State of the Art: GIAM and its relevance to developing countries. Univ.

Malaya Press, Kuala Lumpur.



89

Stephenson, T. 1990. Substrate inhibition of phenol oxidation by a strain of Candida
tropicalis. Biotechnol. Lett. 12: 843-846.

Stephen T.L.T., Y.P. M. Benjamin, M. M. Abdul, and H. T. Joo. 2005. Comparing
activated sludge and aerobic granules as microbial inocula for phenol
biodegradation. Appl. Microbiol. Biotechnol. Online 13 January.

Suseela, G.R., . Basu, S.K., Nandy, S.C. 1991. Degradation of pentachlorophenol
by Pseudonimas aeruginosa. Ind. J Environ. Health. 33(4):425-432.

Swindoll, C.M., Aelion, C.M. and Pfaender, F.K. 1988. Influence of inorganic and
organic nutrients on aerobic biodegradation and on the adaptation response of
subsurface microbial communities. Appl. Environ. Microbiol. 54: 212-217.

Symons, J.M., and McKinney, K.E. 1995. The biochemistry of nitrogen in the
synthesis of activated sludge sewage. Ind. Wastes. 30: 875-879.

Todd, R. S. and R. H. Douglas. Bioremediation of Organic and Metal Co-
contaminated Environments: Effects of MetalToxicity, Speciation, and
Bioavailability on Biodegradation. Department of Biology and Microbiology,
University of Wisconsin Oshkosh, Oshkosh, Wisconsin, USA.

Tornai-Lehoczki, J., Péter, G. and Dlauchy, D. 2003. CHROM agar Candida medium
as a practical tool for the differentiation and presumptive identification of
yeast species isolated from salads. Int. Food Microbiol. 86: 189-200.

TRI 1998. Toxic Chemical Release Inventory. National Library of Medicine, National
Toxicology Information Program, Bethesda, M.D.

Tsai, S.C., Tsai, L.D.and Li, Y.K. 2005. An isolated Candida albicans TL3 capable
of degrading phenol at large concentration. Biosci. Biotechnol. Biochem. 69:

2358-2367.



90

US Environmental Protection Agency. 1980. Phenol. Ambient water quality
criteria. Washington, D.C., USEPA (EPA 440/5-80-066).

US Environmental Protection Agency, 2000. Guidelines for Reproductive Toxicity
Risk Assessment: Notice dated October, 2000. Cas No. 108-95-2.

Van der Meer, J.R., de Vos, W.M., Harayama, S. and Zehnder, A.J.B. 1992.
Molecular mechanism of genetic adaptation to xenobiotic compounds.
Microbiol. Rev. 56: 677-694.

van Schie, P.M. and Young, L.Y. 2000. Biodegradation of phenol: mechanisms and
applications. Bioremed. 4: 1-18.

Varga, J. M., and H. Y. Neujahr, 1970. Purification and properties of catechol 1,2-
oxygenase from Trichosporon cutaneum. Eur. J. Biochem. 12: 427-434.

Verschueren, K. 1983. Handbook of Environmental Data on Organic Chemicals.
2nd ed.Van Nostrand Reinhold Co., New York.

Vijaikishore, P. and Karanth, N.G. 1986. Glycerol production by immobilized cells of
Pichia farinose. Biothchnol Lett. 8: 257-260.

Vojta, V., Nahlik, J., Paca, J. and Komarkova, E. 2002. Development and verification
of the control system for fed-batch phenol degradation process. Chem.
Biochem. Eng. 16(2): 59-67.

Wang, S. J., and K.C. Loh. 2000. Growth kinetics of Pseudomonas putida.
Biotechnol. Bioeng. 68 (4): 437-447.

Wang, Y., Tian, Y., Bin, H., Hua-bing, Z., Jian-nan, B. and Bao-li, C. 2007.
Biodegradation of phenol by free and immobilized Acinetobacter sp. strain

PD12. J. Environ. Sci. 19:; 222-225.



91

Whiteley, A.S., Wiles, S., Lilley, A.K., Philip, J. and Bailey, M.J. 2001. Ecological
and physiological analyses of Pseudomonads species within a phenol
remediation system. Microbiol. Meter. 44: 79-88.

WHO. Phenol. Environmental Health Criteria-EHC 161. World Health Organization.
Geneva. 1994.

Wu, Z., Wang, Y. and Xing, Z. 2005. Study on degrading phenol by immobilized
Ralstonia metallidurans CH34. J. Microbiol. 32(4): 31-36.

Xing, B., McGill, W.B. and Dudas, M.J. 1994. Sorption of phenol by selected
polymers: Isotherms, energetics, and polarity. Environ. Sci. Technol. 28: 466-
473.

Yamane, T.,1995. In: Bioreactor System Design (Asenjo, J.A. and Merchuk, J. C.)
p. 481

Yan, J., Jianping, W., Hongmei, L., Suliang, Y. and Zongding, H. 2005. The
biodegradation of phenol at high initial concentration by yeast Candida
tropicalis. Biochem. Eng. 24(3): 243-247.

Yan, J., Jianping, W., Bai, J., Daoquan, W. and Zongding, H., 2006. Phenol
biodegradation by the yeast Candida tropicalis in the presence of m-cresol.
J. Biochem. Eng. 29: 223-227.

Yang, C.F. and Lee, C.M. 2007. Enrichment, isolation, and characterization of
phenol-degrading Pseudomonas resinovorans strain P-1 and Brevibacillus sp.
strain P-6. Int. Biodeterior. Biodegrade. 59: 206-210.

Yap, L.F., Lee, Y.K. and Poh, C.L. 1999. Mechanism for phenol tolerance in phenol-
degrading Comamonas testosteroni strain. Appl. Microbiol. Biotechnol. 5(6):

833-840.



92

Yurii, .M.M., and Moshe, S. 1998. Catalytic abatement of water pollutants. Ind. Eng.
Chem. Res. 37: 309-326.

Zaitsev, G.M., Uotilia, J.S., Lobanov, A.G. and Salkinoja-Salonen, M.S. 1995.
Utilization of halogenated benzenes, phenols, and benzoates by Rhodococus
opacus GM-14. Appl. Environ. Microbiol. 61: 4191-4201

Zaki, S., Abd-El-Haleem, D., Abulhamd, A., Elbery, H. and AbuElreesh, G. 2008.
Influence of phenolics on the sensitivity of free and immobilized

bioluminescent Acinetobacter bacterium. J. Hazard. Mater. 163: 277-285.



